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ABSTRACT
Lipases are promising industrial biocatalysts because they are stable and active enzymes obtained from numerous
sources. Lipase from Pseudomonas aeruginosa was immobilized on calcium alginate and characterized. Sodium
alginate was mixed with purified lipase and the enzyme/alginate mixture was pumped drop wise in 0.4M CaCl,. The
molecular mass of the lipase was found to be 32 kDa as determined by sodium dodecyl sulphate polyacrylamide gel
electrophoresis. The immobilized lipase had pH and temperature optima in the range of 7.5 to 8.0 and 45 to 55°C
respectively and was stable at pH (7.5 to 8.5) and the temperature range of 45 to 60°C as compared to the free lipase.
The Km and Vmax values were 0.13mmole higher than that of free lipase and 50.0umole/minutes respectively as
compared to free lipase which had Ky and Vmax values of 0,07mmole and 55.5umole/minutes. The enzyme activity
was enhanced in the presence of Mg?*and Ca? with the residual activities of 97.1% and 111.4% as compared to free
lipase that had residual activity of 97.2* and 110%. Immobilization improved the residual activity from 61.9% and
26.1% in the presence of Fe?* and Ni?* in free lipase to 64.5% and 50.0%in immobilized lipase. Slight inactivation of
immobilized lipase occurred in the presence of Cu? with the residual activity of 62.8% as compared to free lipase
which had 64.1%. In the presence of methanol and n-hexane, the enzyme had residual activities of 113.1% and
113.1%, respectively. The immobilized lipase was recycled up to 5 cycles and the result showed that calcium

alginate\immobilized lipase could be used as an operative immobilized enzyme system.
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INTRODUCTION

Lipases are ubiquitous in nature and are distributed widely
in plants, animals and micro-organisms) [1]. However,
lipases, of microbial origin are mostly explored in
different biotechnological applications [2]. Over the
past few decades lipases have gained special
attention as a result of their ability to act in lipid-
aqueous interface and catalyse esterification,
trans-esterification, aminolysis and acidolysis
reactions [2]. Many industrial applications of
lipase focus on its regio-and enantio-selective properties
[3]. Lipases do not require cofactors to catalyse
hydrolytic reactions and remain active in the presence of
organic solvents. Enzymes are largely soluble and
therefore unstable against some conditions like
temperature, pH, organic solvents and surfactants [4]. In
order to make good use of this enzyme, many of its
properties need to be improved so as to increase its
industrial utilization. Immobilization is therefore
considered as an exceptional solution for such barriers
as it enhances the enzyme activity, selectivity, stability,
and specificity.

Immobilization means retaining enzymes in a
proper geometry to improve their recycling and product
purity that subsequently improves the process economy
for economic reusability under stabilized condition by

associating it with an insoluble matrix [5]. The
operational and temperature stability of lipases could be
enhanced by immobilization which also induces change
in the conformation of enzyme thus allows substrate
access to the active site .Methods of enzyme
immobilization can be classified as physical adsorption
[6], entrapment or microencapsulation [7] and
covalence binding to a solid matrix [8]. A very
important factor for obtaining an efficient lipase activity
is achieved by proper selection of method and support
material. The material used for immobilization should
be readily available, biodegradable, toxic free and of
low cost. In this study entrapment in calcium alginate
was used for immobilization of lipase from P.
aeruginosa which entails mixing a soluble enzyme with
a polymer solution and then cross linking the polymer to
form a lattice structure that captures the enzyme [9].
Entrapment method is fast, cheap and can be carried out
under mild condition and has wider industrial
applications [10]. Alginate, celite, carrageenan, resins
and acrylic polymers are the most commonly used
carriers for entrapment. The use of Bacillus cepacia
lipase encapsulated on pg-carrageenan for biodiesel
production from palm oil was reported by Jegannathan
et al. [11]. Moreover, Sawangpanya et al. [12] reported
the production of biodiesel from palm oil by calcium
alginate immobilized Candida rugosa lipase.
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MATERIALS AND METHOD

Materials

P. aeruginosa was obtained from Department of
Microbiology, Ahmadu Bello University, Zaria. All the
reagents used were of analytical grade.

Preparation of lipase immobilized on calcium
alginate gel spheres

The calcium alginate beads immobilization of the
purified lipase was carried out according to the method
of Bhushan et al. [13]. Exactly 5 g of sodium alginate
was dissolved in 30ml distilled water and autoclaved at
121°C for 15 minutes. After cooling at room temperature
20ml of sodium alginate was mixed with 5ml of purified
lipase (19.2 U/ml) and then allowed to stand for
10minutes.The enzyme/alginate mixture was pumped
drop wise in 0.4M CacCl; and kept for 1 hour to ensure
its complete hardening. The alginate beads were washed
with distilled water and finally with 50mM tris-HCI
buffer pH 8.0. The lipase / calcium alginate beads were
kept at 4°C in tris-HCI buffer pH 8.0 until used.

Determination of protein concentration of calcium
alginate immobilized lipase

Protein concentration of calcium alginate immobilized
lipase was determined according to Bradford 1976 [14].
One alginate bead containing 15ul lipase solution
entrapped was put in 285ul distilled water and 3 ml of
the Coomassie brilliant blue was added and allowed to
stand for 5 min at room temperature. Absorbance was
read at 595nm and the concentration was extrapolated
from the standard curve

Assay of activity of calcium alginate immobilized
lipase

This was carried out according to the method of
Gopinath et al., 2005 [ [15]. One calcium alginate bead
containing 15 pl lipase solution (0.13 mg/ml) was taken
in 8.905ml of substrate pNPL solution (0.03 mM) and
put into each test tube and incubated for 15 minutes and
absorbance was read at 410 nm. One unit of lipase
activity was defined as the amount of enzyme releasing
lumol of p-nitrophenol per minute, under the assay
condition

Determination of Km and Vmax of immobilized
lipase

This was carried out by determining initial velocity
studies on immobilized lipase. Varying concentration of
substrate pNPL (0.01 mM to 0.06 mM) were incubated
with one bead of calcium alginate immobilized lipase
each for this and the activity was determined. From the
Lineweaver- Burk plot, Kmand Vmax were determined.

Effect of pH on the activity and stability of
immobilized lipase

The optimal pH of calcium alginate immobilized lipase
activity was determined in accordance with Zhang et al.
[16] by incubating one bead in each case with pNPL
(0.03 mM) at different pH ranging from 5 to 9 for 15
minutes. For stability studies 1ml of buffer (phosphate
buffer and tris-HCI) at various pH (5.0 -9.0) was
incubated in each case with three beads of calcium
alginate immobilized lipase for 2 hrs. and residual
activity was determined by incubating one of the beads
with pNPL for 15 mins and expressed in terms of
percentage

Determination of the effects of temperature on the
activity and stability of immobilized lipase

The optimal temperature of calcium alginate
immobilized lipase activity was determined by
incubating one bead with pNPL at different temperature
ranging from 25°C to 70°C for 15 mins. and the activity
was determined. For thermostability studies 1 ml of
buffer each containing three beads of calcium alginate
immobilized lipase was incubated at different
temperature ranging from 25 to 70°C for 2 hrs. The
residual activity of the pre incubated immobilized lipase
was then determined by incubating one bead with
substrate and expressed in terms of percentage

Determination of the effects of some cations on
immobilized lipase activity

The effect of Mg?*, Co?*, Mn?*, Ca®* Fe?*, Cu?* and Ni?*
at final concentration of 1 mM on the activity of
immobilized lipase was determined by incubating 2 ml
of various cations with three beads each of calcium
alginate immobilized lipase for two hours. The residual
activity was determined against the control.

Determination of stability of immobilized lipase in
some organic solvents

The lipase stability in the presence of organic solvents
15% (v/v), 30% (v/v) and 45% (v/v) was determined in
accordance with the method of Zhang et al. [16]. Exactly
2ml each of the varied concentration of the solvents
were incubated with three beads each of calcium
alginate immobilized lipase for two hours. The residual
activity was determined against the control

Determination of reusability of calcium alginate
immobilized lipase

This was determined by carrying out several cycles of
trans-esterification of Acacia nilotica oil with 3 beads of
calcium alginate  immobilized lipase.  Trans-
esterification reaction was carried out according to the
method of Kim et al. [17]. The initial reaction mixture
contained (98.55 ml) oil / methanol (1:10), three beads
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of calcium alginate immobilized lipase, 1.20 ml n-
hexane. After each period of transesterification, the
beads were removed, washed with water at room
temperature and used to carry out another round of trans-
esterification process

RESULTS AND DISCUSSION

As shown in Plate 1, the molecular weight of purified
lipase from P. aeruginosa was found to be 32 kDa. Hiol

32 kPa

Plate 1: SDS-PAGE of purified lipase: Lane 1 is
molecular weight marker and lane 2 is the purified
lipase

Figure 1 shows the initial velocity studies of
immobilized lipase from. The Km and Vmax values of
0.13 mmole and 50.0 pumole/minutes were obtained as
compared to free lipase which had the Ky and Vmax

et al. [18] reported that lipase from Mucor fhiemalis had
a molecular weight of 49 kDa. Fullbrook [19] reported a
lipase from B. stearothermophilus having 43 kDa. A
molecular weight of 58 kDa was obtained for lipase
from P. aeruginosa [20]. The difference in the
molecular weight of lipases could be due to the
differences in the specie of the organism with which the
enzymes were isolated.

values of 0.07 mmole and 55.5 umole/mins respectively.
Most industrially relevant enzymes such as lipases and
proteases have the Ky values in the range of 10° and 10
M [21]. An increase in Ky after immobilization
indicates that the enzyme has an apparent lower affinity
for the substrate which may be caused by the loss of
enzyme flexibility necessary for substrate binding or by
diffusional resistance to substrate transport [22].
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Figure 1: Lineweaver-Burk Plot for immobilized lipase

The effect of pH on the activity of immobilized lipase is
shown in Figure 2. The enzyme had a broad pH range of

activity with 19.0 U/ml at pH 7.5 and 8.0. No activity
was detected at pH below 5.5 and above 9.0. The pH
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stability of immobilized lipase is also shown in Figure
3. At pH 6, (76.3%) of the activity was retained, but the
enzyme retained 100% activity in the pH range of 7.5 to
8.5. Immobilization has shifted the optimum pH and pH
stability from 7.0 to 8.5 as compared to free lipase. Most

lipases have optimal activity at neutral or slightly basic
pH values [23]. The changes in the optimum pH for
immobilized lipase could be due to the polarity of
surface of the beads in which the enzyme is localized
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Figure 2: Effect of pH on the activity of immobilized lipase
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Figure 3: Effect of pH on the stability of immobilized lipase

The enzyme had maximum activity of 19.2 U/ml at
45°C, 50°C and 55°C but decreased to 18.4 U/ml and
17.2 U/ml at 60°C and 65°C respectively as shown in
(Figure 4). The thermostability profile is shown in
(Figure 5), there was a steady increase in activity of
lipase at 30°C, 35°C and 40°C which was at its peak
(100 % activity) at 45°C, 50°C and 55°C. Subsequently
a decrease was observed at 60°C and 65°C. The
solubility of globular proteins increases with the
temperature up to 40°C - 65°C. Above this temperature
the thermal agitation tends to disrupt the tertiary
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structure leading to denaturation and sharp decrease in
solubility which in turns affect the enzyme activity.
Shefai and Allam [24] reported that immobilized lipase
remained active up to 50°C. This shift in the enzyme's
optimum temperature after immobilization could be an
added advantage in biodiesel production which might be
due to the possible protection of immobilized enzyme
from the bulk temperature through the formation of a
molecular cage around the enzyme [25]. Greater
optimum activity and temperature stability are attractive
and desirable characteristics for industrially relevant
enzymes [25].
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Figure 4: Effect of temperature on the activity of immobilized lipase
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Figure 5: Profile of stability of immobilized lipase at varying temperature (30°C to 70°C)

The effect of cations on the activity of immobilized
lipase is shown in Figure 6. The enzyme activity was
enhanced in the presence of Mg?* and Ca?* with the
residual activities of 97.1% and 111.4% as compared to
free lipase which had residual activity of 97.2* and
110% in the presence of Mg?*and Ca?. Immobilization
improved the residual activity from 61.9% to 64.5%, and
from 26.1% to 50.0% in the presence of Fe?* and Ni?*
respectively. In the presence of Cu?* the residual activity
of 62.8% was obtained as compared to free lipase which
had 64.1%. The activation of lipase in the presence of
calcium ions is supported by Rashid et al. [26] who

reported maximum lipase activity in the presence of
Ca®". Moreover, Dong et al. [27] reported increased in
the activity by 250% in lipase from Pseudomonas spp in
the presence of Ca?". Matsumae and Shibatani [28]
suggested that the effect of metals could be attributed to
a change in the solubility and the behaviour of the
ionized fatty acids at interfaces, and from a change in
the catalytic properties of the enzyme itself. The result
agrees with Mehwish et al. [29] who reported improved
residual activity of immobilized lipase in the presence
of Mg?*, Ca?*, Fe?* and Ni?* respectively.
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Figure 6: Effect of some cations on the activity of immobilized lipase

Figure 7 shows the effects of organic solvents on the
activity of immobilized lipase. The enzyme had residual
activities of 104.1% in 15% methanol, 60.1% in 30%
methanol and 49.3% in 45% methanol. The residual
activities in the presence of 15% ethanol was (83.4%),
in 30% ethanol it was 61.3% as well as 39.7% in 45%
ethanol. While in the presence of 15%, 30% and 45%
isopropanol, the residual activities of 81.7%, 60.3% and
53.1% respectively were obtained. The enzyme also had
residual activities of 113.1%, 84.0% and 62.5% in the
presence of 15%, 30% and 45% n-hexane respectively.
Lipase residual activities retained in 15%, 30% and 45%

butanol were 77.4%, 61.3% and 51.5% respectively. As
compared to free counterpart, the immobilized lipase
had higher inactivation resistance to these solvents. The
sensitivity of lipases to solvents varies depending on
their polarity, with polar solvents being more
destabilizing [30]. When enzymes are exposed to
organic solvents, the water bound to protein on their
surface can be easily stripped off and results to damage
of its native structure [31]. Salihu et al. [32] reported the
ability of methanol even at concentration of 60-70% to
enhance the activity of lipase.
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Figure 7: Effect of some organic solvents at concentration of 15%, 30% and 45% (v/v) on the activity of immobilized

lipase
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Figure 8: Effect of number of cycles immobilized lipase mediated trans-esterification of Acacia nilotica seed oil

The effect of number of cycles on trans-esterification
mediated by immobilized lipase on methyl ester
conversion is shown in Figure 8. Methyl ester
conversion of 55.9% was found in cycles 1, 2 and 3.
Cycles 4 and 5 had methyl ester conversion of 54.7%
and 54.2% respectively. A percentage methyl ester
conversion of 42.3% and 28.1 % was obtained in cycles
6 and 7 respectively. The lowest methyl ester conversion
of 17.5% was recorded at cycle 8. One of the important
characteristics of an immobilized enzyme is its stability
and re-usability over an extended period of time. The
repeated use of calcium alginate immaobilized P lipase in
transesterification of A. nilotica oil was studied. Zorica
et al. [33] reported the use of alginate-immobilized
lipase for up to three reaction cycles with little loss of
activity. Elnashar [34] reported that alginate
immobilized lipase from Penicillium chrysogenum
retained 72.09% activity after six cycles. The ability of
lipase to be reused for a number of transesterification
cycles might be due to its entrapment in calcium alginate
beads. However, the decreased methyl ester conversion
observed after five cycles could be due to the leakage of
enzyme from the beads as a result of the washing at the
end of each cycle as no make-up quantities of enzyme
was added [35].

CONCLUSION

The findings from this work have shown that the pH,
temperature, organic solvent stability as well as the
ability of lipase from P. aeruginosa to be recycled
improved with its immobilization on calcium alginate
beads thus making the production of biodiesel from
vegetable oil cost effective which could be used to
power machines by blending it with petro-diesel.
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