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BIOCHEMICAL PROPERTIES OF Bacillus sp. ITP-001 LIPASE IMMOBILIZED WITH A SOL GEL PROCESS
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This work presents biochemical characterization of a lipase from a new strain of Bacillus sp. ITP-001, immobilized using a sol gel
process (IB). The results from the biochemical characterization of IB showed increased activity for hydrolysis, with 526.63 U g'!
at pH 5.0 and 80 °C, and thermal stability at 37 °C. Enzymatic activity was stimulated by ions such as EDTA, Fe*?, Mn*?, Zn*?, and
Ca*, and in various organic solvents. Kinetic parameters obtained for the IB were K, = 14.62 mM, and V,, = 0.102 mM min"'g"'.

The results of biochemical characterization revealed the improved catalytic properties of IB.
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INTRODUCTION

Lipases can be used for reactions such as esterification, inter-
esterification, and hydrolysis. Although most lipases are more robust
than many enzymes, their industrial use as catalysts in hydrolysis
and synthetic organic chemistry need different strategies, such as
immobilization, in order to solve drawbacks including limited stabil-
ity, difficulties in separating products from the lipase, and problems
arising upon reuse of the biocatalyst.' The feasibility of the genetic
approach to modification of enantioselectivity was demonstrated with
lipase A from B. subtilis, and also represents a strategy for future
applications in the immobilization process.°

Immobilization experiments with lipases from Bacillus, although
limited in number, have illustrated the vast potential for optimization
of the properties of these biocatalysts for particular applications.®
Similarly, immobilized enzymes may also exhibit much better func-
tional properties than the corresponding free lipase, while enantiose-
lectivity may also be dramatically improved.” Different methods of
immobilization for other types of lipases have been described; some
authors have suggested hydrophobic materials are the most suitable
supports for lipase immobilization, preferably by encapsulation within
a polymer matrix, or silica glasses, obtained by sol gel techniques.®

The hydrolysis of triglyceride esters to yield free fatty acids
and glycerol represents one important group of chemical reactions
relevant to industrial processing of natural oils and fats. Hydrolysis
is the primary reaction for the production of free fatty acids, which
may then be inter-esterified, trans-esterified, or converted into high-
value fatty alcohols.”!° The current main-stream technologies for
hydrolysis are based on high-temperature, high-pressure processes
in contact with steam or superheated liquid water, involving high
temperatures and requirements for high-pressure equipment. The best
known process is the Colgate Emery process, which typically requires
operating temperatures of 250 °C and a reaction pressure of 50 bar.’
Enzymatic fat splitting (hydrolysis) has been studied extensively
using enzymes immobilized on hydrophobic polymeric supports,
and also using enzymes freely attached at a liquid-liquid interface.®
The elevated reaction temperature provides a higher conversion
rate; minimal risk of microbial contamination; higher solubility of
the substrates; and lower viscosity of the reaction medium, favoring
mass transfer. Thermostability is dependent on the structure of the
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enzyme, the environment (solvent), pH, temperature, the presence
of additives (organic solvents, ions), and immobilization.®!! Due to
different applications, the biochemical properties of each type of
reaction are extremely important. Improvements in lipase behavior
at extreme temperatures can be achieved through a wide variety of
immobilization techniques.®?

Practical examples with immobilized lipases from Bacillus have
been described in the literature. Gel entrapment combines reduced
structural strain for the enzyme, as it is captured in its native form,
and a specific microenvironment that can enhance the stability and
activity of the lipase. In comparison, with covalent attachment and
cross-linking, the enzyme molecule can be bound to the carrier or
another protein in a way that hinders the reaction, by distorting the
active conformation of the enzyme or blocking access of the substrate
to the active site. Lipases from Bacillus have been successfully immo-
bilized by gel entrapment in copolymers of methacrylic acid, dodecyl
methacrylate, and a cross-linker - N,N-methylene bisacrylamide, as
well as with alginate.'>1°

The immobilized enzymes did not differ substantially in ther-
mostability from the native lipases. The preparations demonstrated
good synthetic activity in alkanes as solvents (n-hexane, n-heptane,
n-octane, n-nonane), and moderate reusability. In some cases, metal
ions and surfactants increased the activity of the enzyme.'*!” Some
studies have been reported describing the biochemical properties for
reaction hydrolysis of olive oil only free lipase from Bacillus or the
same genus, under the following conditions: lipases from Bacillus
sp. L2 (pH 8.0, 70 °C and t,,= 3.5 h), Geobacillus sp. TI (pH 9.0, 70
°C and t;,,= 70 min), Bacillus sp. THL027 (pH 7.0 and 70 °C) and
Bacillus sphaericus 205y (pH 7.0-8.0, 55 °C).° Studies have been
performed on production of the lipase from Bacillus sp. ITP-001,
isolated from petroleum-contaminated soil in Brazil but to date, im-
mobilization of this enzyme using a sol-gel technique has not been
studied for this lipase.'s?

The importance of immobilized lipases can be inferred from
the large number of recently published articles related to future
industrial applications of lipase-catalyzed reactions. The effects of
various factors on the activities and stabilities of lipases need to be
studied. Factors such as pH, temperature, effects of ions, and organic
solvents, can enhance or suppress the activity of lipases; and their
characterization can help determine the suitability of a given lipase
in different environments and industries.?'>* Therefore, the aim of this
study was to examine the biochemical properties of a new strain of
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Bacillus sp. ITP-001 lipase immobilized using a sol gel technique. The
biochemical characteristics analyzed were temperature, pH, thermal
stability, stability in the presence of ions and solvent in the study of
the kinetic parameters of hydrolysis of olive oil.

EXPERIMENTAL
Enzyme and chemicals

Lipase was obtained by fermentation of a newly isolated Bacillus
sp. isolated from petroleum-contaminated soil by the Institute of
Research and Technology (Aracaju, Sergipe, Brazil). Enzyme pro-
duction was performed under optimal fermentation conditions at a
temperature of 37 °C, and using a substrate inductor oil (palm oil)
as described by Feitosa et al.."” Lipase obtained from the fermented
medium was purified using ammonium sulphate, membrane dialyse
25 cut-off 10,000-12,000 Da), and an aqueous two-phase system
containing a polymer (PEG-8000), phosphate buffer and NaCl, with
nominal lipase activity of 906.67 U g, as described by Barbosa
et al..* For sol gel encapsulation, the silane precursor was tetrae-
thoxysilane, supplied by Acros Organic (NJ, USA), used without
further purification. Ethanol (minimum 99%), ammonia (minimum
28%), hydrochloric acid (minimum 36%) and gum arabic were ob-
tained from Synth (S@o Paulo, Brazil). Olive oil (low acidity) was
purchased at a local market. Water was purified by reverse osmosis
and deionized through a Milli-Q four-cartridge organic-free water
purification system. Other chemicals were of analytical grade and
used as received.

Lipase immobilized by the sol gel process

For immobilization, the methodology previously established by
patent PI0306829-3% was used, briefly: 30 mL of tetracthoxysilane
were dissolved in 36 mL of absolute ethanol under an inert nitrogen
atmosphere. To this mixture, 0.22 mL of hydrochloric acid dissolved
in 5 mL of ultra-pure water were slowly added, and mixed (at 200 rpm)
for 90 min at 35 °C. Subsequently, 10 mL of lipase solution (1440 U
mg"), 8 mL of PEG solution (5 mg mL™"), and 1 mL of ammonium
hydroxide dissolved in 6 mL of ethanol were added (hydrolysis
solution). The mixture was kept under static conditions for 24 h to
complete the chemical condensation. The bulk gel was washed with
n-heptane and acetone, and dried under vacuum at room temperature
for 24 h. The dried gels were then crushed to a powder with particle
sizes in the 180-250 um range, having the following porous structure
and properties: 200 m? g, 35 A and 0.200 cm? g, for surface area
and mean pore volume, respectively.

Lipolytic activity assay

Hydrolytic activities of immobilized lipase were assayed using
the oil emulsion method according to Soares et al.** The substrate
was prepared by mixing 50 mL of olive oil with 50 mL of Arabic
gum solution (7% w/v). The assay mixture, consisting of 5 mL of
the substrate, 2 mL of 100 mM sodium phosphate buffer (pH 7.0),
and 100 mg of immobilized enzyme, was incubated for 10 min at 37
°C with stirring at 80 rpm. The reaction was terminated by the addi-
tion of 2 mL of acetone:ethanol:water (1:1:1) in approximately 0.3
UL of reaction mixture. The liberated fatty acids were titrated with
potassium hydroxide solution (0.04 M) in the presence of phenol-
phthalein as an indicator. All enzymatic activity determinations were
replicated at least three times. One unit (U) of enzyme activity was
defined as the amount of enzyme liberating 1 umol of free fatty acid
per min (umol min-!). Analyses of hydrolytic activities performed
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on immobilized lipase were used to determine the coupling yield 1
(%) according to Equation 1:

US

%) = 100 1
11()U>< (1

0

in which Uy corresponds to the total enzymatic activity recovered
on the support, and U, represents the enzyme units offered for
immobilization.

Optimal pH and temperature

The effect of pH on the lipolytic activity of the immobilized
lipase was determined by incubating the biocatalyst between pH
2.0-10.5. The buffers used were 0.1 M citric acid-sodium citrate
(pH 2.0-5.0), 0.1 M potassium phosphate (pH 6.0-8.0), and 0.1 M
bicarbonate-carbonate (pH 2.0-10.5). The optimal temperature for
activity of the immobilized lipase was determined in the 25-100 °C
range in the same 0.1 M potassium phosphate buffer (pH 7.0).

Effect of different metal ions and organic solvents on the lipase

To examine the effects of different metal ions on the activity
of the lipase, the immobilized lipase was pre-incubated at 37 °C in
citrate buffer (0.1 M, pH 5.0) for 1 h with various metal ions at a
final concentration of either 0.1 or 10 mM. The ions tested included
Co*?, EDTA, Fe*?, Mn*2, and Zn*?. To study the influence of Ca*?, the
immobilized lipase was pre-incubated for 30 h at a concentration of
1.0 or 10 mM. The effect of particular organic solvents on enzyme
activity was examined by the addition of 10 or 30% acetone, aceto-
nitrile, ethanol, isopropanol, methanol, or pyridine for 3 h at 37 °C
in buffer (pH 5.0). Lipase activity in the presence of metal ions or
organic solvents was compared with the control in the absence of
metal ions and organic solvents, whose activity was taken as 100%.

Thermal and operational stability

The thermostability of the immobilized enzyme was investigated
over 5 h (with sampling each 1 h) by pre-incubating the enzyme at
different temperatures (37, 50, 60, 70, and 80 °C) in buffer at pH 5.0.
The operational stability and reusability of the immobilized system
was determined by conducting hydrolysis reactions in consecutive
batches using the same immobilized enzyme. Each batch process
consisted of 10 min of hydrolysis reaction at a temperature of 37 °C
and pH 5.0. After each batch, the immobilized enzyme was washed
with hexane once and reused for the next cycle of hydrolysis.

Determinations of Kkinetic constants

K,, and v _of the immobilized lipase were determined by measu-
ring enzymatic activity with various concentrations of olive oil substrate
(1-70%, wiv) over 60 min. Kinetic constants were calculated using
the linearization methods of Lineweaver-Burk, Hanes-Wolf, Eadie-
Scatcharel, and Wolf-Augustinisson-Hofstee, as well as by fitting to a
non-linear model. The degree of fit of each model to the experimental
data was based on the magnitude of the mean relative error (P), and
estimated (SE), as calculated by Equations 2 and 3, respectively:
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where m__and m__are experimental and predicted units, respectively,

exp pre

and 7 is the number of observations:
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SE= \/ [(z(y ?)2) /GLR} 3)

where Y and Y are experimentally observed values, and values
calculated for the model, respectively, and GLR is the degrees of
freedom in the model.

RESULTS AND DISCUSSION
Lipase production and immobilization

Purification of the enzyme was performed as described by
Barbosa et al.,* entailing stepwise precipitation with ammonium
sulfate up to 80% saturation, in an aqueous two-phase system con-
sisting of polyethylene glycol and potassium phosphate salt. Studies
have shown that after the purification step, the enzyme is present at a
purification factor of about 210 fold. Following this step, the lipase
from Bacillus sp. ITP-001 was immobilized on a hydrophobic matrix
obtained by a sol gel technique, and analyzed to determine the extent
of the activity recovered (RA) by hydrolysis of olive oil. The activity
recovered from the immobilized lipase was 50% (Table 1). Soares et
al® reported a value of 31.98% for coupling yields of the Candida
rugosa lipase immobilized by a sol gel technique. The value obtained
in this work suggests that the immobilization was satisfactory; ho-
wever, it is necessary to study the biochemical properties, including
thermal and operational stability.

Table 1. Recovery of immobilized lipase activity of Bacillus sp. ITP 001 on
hydrophobic matrix obtained by sol-gel technique

Biocatalyst Lipase from Bacillus sp. ITP-001
Enzyme added Enzyme mass (g) 2.7
UA (U) 2248
Enzyme Immobilized MS (g) 6
EA (U/g) 188
A Total (U) 1128
RA (%) 50

UA - unit added; MS - dry weight of biocatalyst; A - enzymatic activity; U =
unit; RA = Recovery Activity; Reaction conditions: 37 °C and pH 5.0

Effect of pH and temperature on activity

The optimal pHs for lipases are usually between 6.0 and 8.0,
but experimental protocols vary with respect to length of time and
incubation conditions adopted.?** Figure 1 shows relative activity
as a function of pH of the lipase from Bacillus sp. ITP-001, in both
the free and immobilized forms. Data on the free enzyme were ob-
tained by Barbosa et al.?® and used for comparison. The optimal pH
of the immobilized lipase from Bacillus sp. ITP-001 was 5.0, which
showed a hydrolytic activity of 488.69 U g''; there was also slightly
acidic pH in the enzyme activity which can be considered constant
and decreases its activity in alkaline pH values. Barbosa et al.?®
concluded that this lipase in free form is most active in a pH range
between 4.0 and 7.0, with maximal activity at pH 7.0, followed by
loss of some of its activity at strongly alkaline pH values; however,
it was observed in this study that increasing the pH to 5.0 resulted in
a gradual reduction in activity of the immobilized enzyme. Shift of
the optimum pH from neutral to more acid, comparing free versus
immobilized enzyme, is presumably due to variations in the ionization
state of the system’s components as the pH changes; as suggested by
Kennedy and Cabral® in a study of the analytical aspects of synthetic
immobilized enzymes.
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Figure 1. Effect of pH on the hydrolytic activity relative of immobilized (W)
and free (30)¥ Bacillus sp. ITP-001

Similar findings of a near neutral optimal pH have been described
in the literature by several authors using lipases from other sources,
in both free and immobilized forms.>* According to Guncheva and
Zhiryakova,® the free lipases from Bacillus exhibit extreme alkaline
tolerance, with maximum activities at pH values of between 9.5 and
12.0. In contrast, Sugihara et al.’' reported that lipases from Bacillus
sp. show maximal activity at pH 5.0 and 6.0. Kanwar et al.** studied
the lipase from Bacillus coagulans BTS-1 immobilized by adsorption
on celite and silica matrix, and found that activity was higher at an
acidic pH of 5.5. Sathish et al ¥ conducted a study of the influence
of pH (3.0-8.0) on lipase activity produced by a Bacillus isolated
from soil samples collected in India, and found that between pH 3.0
and 5.0 the enzyme showed no lipase activity; only at pH 6.5 did
the lipase become more active. However, Kumar et al.* using lipase
from Bacillus immobilized on silica BTS-3 by physical adsorption,
found an optimum pH of around 8.5. Riaz er al.* observed that the
improvement in the pH for lipase produced by Bacillus sp. FHS5,
using p-nitrophenyl laurate as the substrate, was 9 and 10 for free
and immobilized enzymes, respectively.

The difference in optimum pH observed in these studies may
be attributable to the type of lipase and immobilization technique
used. Thus, the results obtained in this work for immobilized lipase
in sol gel matrix show behavior similar to those described in some
articles in the literature using different supports and immobilization
techniques.?3%

As can be seen in Figure 2, the optimum temperature for
preparations of lipase from Bacillus sp. ITP-001, whether free or
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Figure 2. Effect of pH on the hydrolytic activity relative of immobilized (B)
and free (0)?” Bacillus sp. ITP-001



Vol. 36, No. 1

immobilized, was 80 °C.? It should be noted that the relative activity
ranged between 75 and 100% over the temperature range studied,
and the primary hydrolytic activity was 488.69 and 526.63 U g'! at
37 and 80 °C, respectively. We concluded that high temperatures do
not cause a sudden decrease in the activity.

According to the effect of temperature on lipase activity repor-
ted in several studies, optimal activity was reached between 30 and
65 °C.***However, some lipases have higher activities at temperatures
above 70 °C.*4 Ghori et al.*' used a lipase from Bacillus sp. FH5,
which was isolated from tannery waste, and observed the effect of
various temperatures (10-80 °C) on the residual activity of the lipase
at pH 9.0. These authors noted the optimal temperature for the lipase
was 60 °C, and showed increased activity of Bacillus sp. lipase at
elevated temperatures.

Studies reported by Riaz et al.,’> showed that the lipolytic activity
of the lipase produced by Bacillus sp. FH5 was determined using p-
-nitrophenyl laurate as the substrate. In this case, a sharp decrease in
the activity of the immobilized enzyme at 55 °C was observed. Various
studies in the literature have reported reactions performed in organic
medium but only very few papers have describe aqueous medium.
However, the use of immobilized lipases to catalyze organic synthetic
reactions at temperatures of around 45 °C has also been reported.*
In geranyl butyrate synthesis, a maximum yield was achieved at 65
°C using the lipase of P. aeruginosa MTCC-4713 immobilized in
hydrogel. By contrast, the synthesis of methyl acrylate was found to
be maximal (80.8 mM) at 45 °C, while at 55 and 65 °C, there was
decrease in the ester yield, perhaps due to the denaturation of lipase,
as well as an alteration in the 3D structure of the enzyme.'®

Effect of CaCl, on activity and stability

Calcium ions can stimulate hydrolytic catalysis by lipases via
the following mechanisms: activation of the lipase by changing the
conformation of the enzyme, by increasing the adsorption of lipase
on an oil/water interface, and by removing fatty acids from the oil/
water interface so the lipase can act on other water molecules.** As
shown in Table 2, Ca*? produced a positive effect on the Bacillus sp.
ITP-001 lipase, reaching a maximum of 142% (369.2 U/g) relative
activity after 240 min of contact with 10 mM Ca*?, and 177% (424.8
U/g) after 480 min of contact with 0.1 mM Ca*?, yielding the enzy-
matic activity and control activity with 260 and 240 U/g, respectively.

Effect of metal ions and solvents on lipase

Ions have a stimulatory effect, probably because the salt exerts a
screening effect and disperses the enzyme molecules. They provide a
driving force for substrate binding and catalysis by lowering energy
barriers in the ground and/or transition states, and enhance enzyme
activity through conformational transitions triggered upon binding
to a site where the ion makes no direct contact with the substrate.*
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Table 2. Influence of Ca*? on the hydrolytic activity of immobilized lipase
from Bacillus sp. ITP-001

Relative activity (%)

Time (min)
CaCl, (0.1 mM) CaCl, (10 mM)
10 127.8 114.8
20 124.2 120.2
30 113.9 119.7
60 108.5 120.9
120 119.9 132.9
240 131.3 142.9
360 131.28 102.94
480 130.65 109.38

Reaction conditions: 37 °C and pH 5.0

In the presence of EDTA, Fe** or Mn*? ions, the immobilized lipase
from Bacillus sp. ITP-001 showed higher hydrolytic activity or rela-
tive activity as evidenced in Table 3. It was observed that varying the
concentration (mM) had no effect on the enzyme’s activity, except in
the case of Zn*?and Fe*?, where increasing the concentration affected
activity, while for Co*? concentrations, both the enzyme activities re-
mained near the control, representing ions without the enzyme. EDTA
chelation has activity that influences the formation of the enzyme-
substrate complex, resulting in a “chelation process”. Some studies
have reported that the effect of EDTA can be either stimulatory or nil
on lipase activity, while others have shown an inhibitory effect.?4

Lipases are known for their ability to work in both aqueous and
organic solvents. Table 4 shows the relative lipolytic activity of the
lipase from Bacillus sp. ITP-001 in the presence of organic solvents.
It was observed that the lipolytic activity increased in almost all
solvents tested, except for ethyl alcohol at either 10 or 30% (v/v,)
and in 30% (v/v) isopropyl alcohol. These results are consistent with
the literature in general, because in many cases the immobilization
of a lipase promotes higher activity against some organic solvents,
possibly due to a selective adsorption of enzyme that is adhered to
the substrate, making it more accessible to solvent. This results in
the disruption of high molecular weight aggregates, rendering a gre-
ater number of active sites accessible to the enzyme’s substrate.*¢+
Barbosa er al.*® utilized the lipase from Bacillus sp. ITP-001 in free
form, and found that 30% (v/v) pyridine solvent showed the only
positive effect, 110.5% in relative activity; the main negative effect
was inactivation of the lipase in the presence of free ethyl alcohol, as
in the study by Ghori et al..*' In a study of the lipase from Bacillus
coagulans BST-3, immobilized by covalent binding to Nylon-6, the
enzyme was stable when incubated for 30 min in the presence of
n-heptane, chloroform, or isopropanol, but unstable in the presence
of ethanol, acetone, or n-hexane.”

Table 3. Influence of ions on the hydrolytic activity or relative activity of immobilized lipase from Bacillus sp. ITP-001

Hydrolytic activity (U/g) at concentration (mM)

Relative activity (%) at concentration (mM)

Tons
0.1 10 0.1 10
EDTA* 610.9 725.3 125.2 148.6
Fe* 624.0 580.6 127.9 118.9
Mn?* 517.4 585.2 106.0 119.9
Zn* 516.6 472.3 105.8 96.8
Co* 478.0 478.3 97.9 98.0

*chelating agent. Reaction conditions: 37 °C and pH 5.0. Enzyme activity of control: 488 U/g
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Table 4. Influence of solvents on the hydrolytic activity or relative activity of immobilized lipase from Bacillus sp. ITP-001

Hidrolytic activity (U/g) at concentration (%, v/v)

Relative activity (%) at concentration (%, v/v)

Solvents Log P
10 30 10 30
Acetonitrile -0.33 711.9 605.6 145.9 124.1
Acetone -0.23 633.4 528.0 129.8 108.2
Methanol -0.76 578.4 606.0 118.5 124.2
Piridine 0,71 580.6 575.8 118.9 118.9
Isopropanol 0.29 505.1 430.1 103.5 88.15
Ethanol 0.24 262.4 390.7 53.79 80.08
Reaction conditions: 37 °C and pH 5.0. Enzyme activity of control: 488 U/g
According to Pereira et al.’', inhibition of enzyme activity in the 0.12 4
. . . [ ]
presence of solvents is due to a decrease in the hydration layer present *
near the active site, which is necessary for the enzyme to perform 0.10 + e —
its activities. This activity can also be related to log P, which is an - /
indicator of the hydrophobicity coefficient of substances, and is used _°D 0.084 /
as a measure of polarity. K= '
Studies show that enzyme activity is generally low in solvents g 0.06-
which have log P (logarithm of the partition coefficient in a standard =)
octanol/water biphasic system) less than 2, is moderate in solvents at g 0.04
log P of between 2 and 4, and is high in non-polar solvents with log =
P greater than 4. Therefore, increasing solvent polarity causes a large > 0.02-
increase in the amount of water needed for the reaction, as solvents
with higher affinities for water tend to remove it in larger quantities 0.00

from the protein’s surface. The log P values for the solvents studied
are: ethanol -0.24, acetone -0.23, isopropanol 0.29, acetonitrile -0.33,
methanol -0.76, and pyridine 0.71.5%* The results obtained in this
study failed to confirm the general rule because the solvents used
have low log P yet resulted in higher enzyme activities in most cases.
Therefore, we found that moderate values of log P are suitable for
the activity of the biocatalyst.

Kinetic parameters

The effect of substrate concentration on the free and immobilized
enzyme was studied using olive oil as the substrate in hydrolysis
reactions at pH 5 and 37 °C. Table 5 shows the values of K and v,
for different methods of determining the kinetic parameters of the
hydrolysis reaction, and Figure 3 compares the methods that confor-
med better to the kinetic models.

Table 5. The values of mean relative error (P), estimated (SE) and kinetics

parameters (K and v, ) using olive oil emulsion method as a substrate

max

Model (mm:f??;in g Kn(mmoh P B
Lineaweaver-Burk 0.102 14.62 8.26 0.011
Hanes-Wolf 0.118 75.43 11.50 0.017
Eadie-Scatcharel 0.125 125.00 12.90 0.021
Wolf-Augustinisson- 0.120 103.80 12.11 0.020
Hofstce

Nonlinear 0.105 19.96 9.11 0.011

* Average relative error. ** Estimated average error. Reaction conditions:
37 °C, pH 5.0 and 10 min.

The model that best fitted the experimental data was Lineaweaver-
Burk, with a K of 14.62 mmol and a v, of 0.102 mmol min' g
(Figure 3); the activation energy was 5.62 kcal/mmol. According to
Sgarbieri et al. the values of activation energy for denaturation of

T T T T T T T
0 200 400 600 800 1000 1200 1400

S (mM)

Figure 3. Comparison of experimental data (®) with kinetic models of
Lineaweaver-Burk (—) and nonlinear (----) in the hydrolysis reaction of olive
oil at pH 5, 37 °C and 10 min

enzymes fall between 12-100 kcal mol'. We can hence conclude
that the energy required for the hydrolysis reaction occurring in the
presence of immobilized Bacillus sp. ITP-001 cannot denature it. The
corresponding K and v, values for the free enzyme determined
previously by Barbosa et al.?® were 105.26 mmol and 0.116 mmol
min'g, respectively.

Comparing the values obtained for the free and immobilized
enzymes provides important information about the interaction of the
enzyme and its support. According to Guncheva and Zhiryakova,®
the conformational structure of this enzyme is different from other
lipases; it does not have the lid open or closed in the transition stage,
which allows us to consider an increased availability of the active
site in the immobilized enzyme. Therefore, the decrease in K | for the
immobilized enzyme indicates a substantial increase in the affinity
of the substrate for the active site, possibly due to exposure to the
substrate after nucleophilic attack produced by the negative charge
on the oxygen which is stabilized by hydrogen bonds of the Ile12
(isoleucine) and Met78 (methionine) residues at the active site of
the enzyme.

Thermal and operational stability

Figure 4 shows the variations in activity of the immobilized lipase
after heat treatment (37-80 °C) for 120 min. It was found that the im-
mobilized lipase from Bacillus sp. ITP-001 showed thermal stability at
37 °C, and maintained residual activity in the range of 50%, confirm-
ing previous results in which the enzyme was also active at a reaction
temperature of 37 °C. The same profile was observed for the lipase
from Bacillus sp. ITP-001 in the free form, which remained stable at
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moderate temperatures according to Barbosa et al.*® The encapsulated
lipase exhibited good activity in hydrolysis reactions, but only moder-
ate reusability, maintaining only 20% activity after the second reuse.

100;
90;
80;
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50+

Residual activity (%)

40

30 T T T T T T T
0 20 40 60 80 100 120
Time (min)

Figure 4. Thermal stability of the enzyme immobilized lipase from Bacillus
sp. ITP-001 in different temperatures: 37 °C (00), 50 °C (1), 60 °C (x), 70 °C
(®) and 80 °C (O), pH 5, temperature hydrolysis reaction of 10 min, 37 °C

According to Kumar et al.** the lipase from Bacillus BTS-3
immobilized by physical adsorption on silica is thermally stable
at temperatures of 55, 60, 65, and 70 °C; this behavior can also be
observed in the study by Kanwar et al.,*> where the immobilized
lipase from Bacillus coagulans BTS-1 showed thermal stability at
a temperature of 50 °C. The studies by Kumar et al.*and Kanwar
et al.**reported thermal stability at high temperatures, in contrast to
observations for the lipase in the present study; perhaps this tolerance
could be the protection of the enzyme promoted by the sol gel immo-
bilization technique for encapsulation and adsorption. Thermostability
is one of the characteristics required of enzymes with potential for
industrial application such as lipases, since many processes occur at
a temperature of around 50 °C.*

CONCLUSIONS

Bacterial lipases play an important role as hydrolases, and we
have demonstrated the occurrence of an extracellular lipase derived
from cultures of Bacillus sp. ITP-001. To exploit lipases of Bacillus
sp. ITP-001 for performing hydrolysis reactions, it is important to
characterize these enzymes biochemically. The present study of the
lipase from Bacillus sp. ITP-001 immobilized in a sol gel matrix sho-
wed optimum activity at 80 °C and pH 5.0, and thermal stability at 37
°C. Of the metal ions tested, the lipase was found to be activated by
Ca*?, EDTA, Fe**, and Mn*?, and also activated in almost all solvents
tested, except for ethyl alcohol and isopropyl alcohol. Values of K |
and v were 14.62 mmol and 0.102 mmol min" g, respectively, and
the activation energy was 5.62 kcal mmol™'. These properties make
the immobilized lipase from Bacillus sp. ITP-001 highly attractive
for future biotechnological applications.
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