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ABSTRACT

Wild-type (L10) and mutant strains AI3 and 3B of Pseudomonas aeruginosa have
been widely used for production of native and altered aliphatic amidases. Therefore,
these strains were used for lipase (EC 3.1.1.3) production by using used cooking and
olive oils. Experimental planning for optimization of several parameters was carried out
by a full factorial of two levels of three factors. Differential chromatographic behavior
of lipase was investigated by immobilized 11 metal affinity chromatography (IMAC)
by using epoxy-activated Sepharose 6B-imminodiacetic acid. One-step purification
of lipase was devised by using a column of epoxy-activated Sepharose 6B-IDA-Cu
(ID). Purified lipase was immobilized by entrapment on calcium alginate beads and
on microtiter plates in the presence of glutaraldehyde (GA). Therefore, lipase can be
produced from these mutant strains by using olive oil in culture medium which can be
purified by a one-step procedure by IMAC. The immobilized enzyme forms exhibited
good storage and operational stabilities.

Keywords: Experimental Design; IMAC; Lipase Ec 3.1.1.3 Immobilization; Olive
0il; Wild-Type and Mutant Strains of Pseudomonas aeruginosa

Abbreviations: IMAC: Immobilized Metal Affinity Chromatography; IDA:
Iminodiacetic Acid; GA: Glutaraldehyde; p-NPP: P-Nitrophenyl Palmitate; EPI:
Epichlorohydrin; BSA: Bovine Serum Albumin

Introduction

Lipases (triacylglycerol acylhydrolase, C 3.1.1.3) are hydrolytic
enzymes that catalyze the synthesis of glycerides in lipid-water
interface. These enzymes also catalyze hydrolysis reactions,

aminolysis, acidolysis (i.e exchange of an ester with an acid),
alcoholysis (exchange of an ester to an alcohol), aminolysis,
interesterification (exchange of an ester of the other ester) as
well as esterification and transesterification reactions. Because of
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their stereoselective and regioselective properties by long chain
fatty acids, lipases are widely used in pharmaceutical industry,
detergents, cosmetics and textiles. They have also been used in
dairy products in food industry as well as for biodiesel production
(Ferrarezi, et al. [1,2]). There are a large number of microbial strains
that have been used to produce lipase such as bacteria, molds and
yeasts (i.e Bacillus spp., Pseudomonas spp., Staphylococcus spp.,
Aspergillus spp., Mucor spp., Penicillium spp., Candida spp. and
Pichia spp (Christopher, et al. [3-5]). Lipase production depends
on several factors, such as carbon sources, nitrogen sources,
inducing agents and growth conditions of the microorganism
such as aeration, pH and temperature (Christopher, et al. [3]).
Inducers may be used to stimulate the production of lipase, such
as triglycerides, free fatty acids, bile salts and hydrolysable esters
(Gupta, et al. [6]). As far as literature search is concerned, there are
several reports for extracellular lipase production from wild type
strains of Pseudomonas aeruginosa by using appropriate culture
media (Stuer, et al. [7,8]).

Although several lipases have been purified, there are no
reports in the literature on the use of immobilized metal affinity
chromatography (IMAC) for isolation of these enzymes by using a
one-step procedure (Cheung, et al. [9]). Moreover, all purification
procedures involved several precipitation and chromatographic
steps which are time-consuming with low yields of lipase activity
(Javed, et al. [5]). Microbial lipases are mostly extracellular
exhibiting a molecular weight of 30-50 kDa with an optimal pH
range of 7.5 - 9 and an optimum temperature of activity in the of
range of 35-50 °C (Christopher, et al. [3]). Wild type and mutant
strains of Pseudomonas aeruginosa 8602 have been widely used
to produce altered aliphatic amidases of different specificities and
affinities towards aliphaticamides (Brown, etal.[10,11]). Therefore,
the aim of this work was to investigate the production of lipase
from these wild-type and mutant strains by using suitable culture
media as well as its purification by IMAC on a single step procedure.
Subsequently, the enzyme will be immobilized in suitable supports
for re-utilization purposes. To author’s knowledge, this is the first
report on the use wild-type and mutant strains of Pseudomonas
aeruginosa 8602 for lipase production by experimental design as
well as purification by IMAC and immobilization on tissue culture
microtiter plates.

Materials and Methods
Chemicals

Imidazole, iminodiacetic acid (IDA), Sepharose 6B, Triton X
100, Coomassie blue, glutaraldehyde (GA), p-nitrophenyl palmitate
(p-NPP), sodium alginate and Arabic gum were obtained from
Sigma -Aldrich (USA). Agar, peptone and yeast extract were
supplied by Himedia, India. Olive oil was obtained from a local
supermarket (Castelo de Moura - Extra Virgin oil, Lisbon) and

used cooking oil was provided by ISEL canteen. Wild-type L10 and
two mutant strains of Pseudomonas aeruginosa (3B and AI3) were
kindly obtained from Dr. Paul Brown from King’s College London
(UK).

Methods

Maintenance and Growth Conditions of Bacterial Strains
in Solid Culture Media: Wild type L10 and mutant strains (3B
and Al3) of Pseudomonas aeruginosa were cultured at 372C and
maintained in two solid culture media at pH 7.2 as follows: culture
medium A contained 2 g of agar, 1 ml of olive oil, 0.3 g of yeast
extract, 0.1 g of peptone, 70 mg of K,HPO,, 30 mg of KH,PO,, 50 mg
of MgS0,, 10 mg of MnCl,, 25 mg of (NH,),SO, and 10 mg of CaCl,
in a final volume of 100 ml of distilled water and culture medium
B contained the same composition except olive oil was replaced by
used cooking oil.

Lipase Production from Wild-Type and Mutant Strains in
Liquid Culture Media: These mutant strains and two culture media
(A and B) were used for lipase production. The liquid culture media
A and B presented the same chemical composition as described
above with the exception of agar. The strains were grown at 372C
and 150 rpm in an incubator with orbital shaking for 4 days and
samples were withdrawn at certain time intervals and centrifuged
at 13000 rpm for one minute and the supernatant and pellet were
stored at -20°C.

Lipase Assay: Enzyme activity of lipase was measured
by hydrolysis of p- nitrophenyl palmitate (p-NPP) producing
p-nitrophenol and palmitic acid. p-NPP solution was prepared as
follows: 6.229 mg of p-NPP, 1 ml of 2-propanol, 0.04 g of Triton X
100, 0.01 g of arabic gum in 10 ml of 20 mM Tris-HCI pH 8. The
reaction mixture contained 80 pL of substrate solution and 20 pL of
enzyme sample solution and the enzyme reaction was monitored
at A, . in 96-well microtiter plate reader for an appropriate time
interval. The molar extinction coefficient ((€) of p-NPP was 18.100
M? cm™. One enzyme unit (1U) was defined as the amount of
enzyme required to produce 1 umole of p-nitrophenol per minute
under certain experimental conditions (Zivkovic, et al. [12]).

Protein Assay: Protein assay was carried out by the Comassie
blue dye binding method. These assays were performed in
triplicates using bovine serum albumin (BSA) as the standard
(Sedmark, et al. [13]).

Experimental Design for Optimization of Several
Parameters of Lipase Production Conditions: The experimental
design was arranged by a statistical factor of 22 with a total of eight
experiments in duplicate. The screening experiment was designed
to establish the effect of three factors: the growth temperature
of bacterial strains (252C and 37°C) as a numeric variable and

wild-type L10 and mutant strain 3B of P. Aeruginosa strains and
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a suitable culture medium (olive oil and used cooking oil) as
categorical variables. The measured response was the enzyme
activity of lipase. The lower (-) and higher (+) levels were selected
according to the results obtained from a preliminary study carried
out earlier. The test matrix was developed, and the data obtained

were introduced in the equation of the factorial model as follows:
V=P Bixy+ BeXy+ PeXc + X Xp + BacX Xe

Where y is the lipase activity response variable, 3, is the
mean of all responses, f3 is the regression coefficient and x are
the prediction variable. The statistical analysis of the model was
evaluated according to ANOVA methodology (Montgomery [14]) by
using Design-Expert software version 9.0.3 (Shalabh [15]).

Preparation of Stationary Phases for IMAC: The activation
of Sepharose 6B was carried out as described before (Martins,
et al. [16]) by using epichlorohydrin (EPI) as the spacer arm and

iminodiacetic acid (IDA) as the chelating agent.

Chromatographic Behavior of Lipases from Wild-Type and
Mutant Strains of p. Aeruginosa on Immobilized Metal Chelates
(IMAC): Arapid batch method carried out in ELISA microtiter plates
was used to study the adsorption of lipase on stationary phases
(Freixo, et al. [17]). In the present work, lipase adsorption to epoxy-
activated Sepharose 6B- IDA-M(II) (S6) columns was considered to
be partial when lipase activity was detected both at the washing and
elution steps. On the other hand, lipase did not bind to the column
when the total lipase activity applied to the column was recovered
in five column volumes of buffer at the washing step, exhibiting a
sharp activity peak. 96-well microtiter plates were used to study
the adsorption of lipase from wild-type L10 and mutant strains
3B of P Aeruginosa on immobilized metal chelates of Cu(II), Ni(Il),
Zn(II) and Co(II). The culture supernatant containing lipase activity
(specific activity 0,009 U/mg protein) was diluted in 20 mM sodium
phosphate buffer containing 1M NaCl at the corresponding pH.
Three pH values (6, 7 and 8) were tested to investigate the best
conditions that promote adsorption of the enzyme to immobilized
metal chelates. Desorption of the enzyme from metal chelates was
carried out by using 20 mM phosphate buffer containing 1 M NacCl
and 500 mM imidazole. All washing and elution fractions were
assayed for lipase activity and these experiments were performed

in triplicates at room temperature.

Purification of Lipase from Mutant Strains of P. Aeruginosa
by IMAC: According to the results of the chromatographic behavior
performed on 96-well microtiter plates, a set of experimental
conditions were selected for purification of lipase from mutant
strains of P Aeruginosa. A column containing 5 mL of sedimented
epoxy-activated Sepharose 6B-IDA (S6) as the stationary phase
was washed sequentially with 5 volumes of 50 mM copper sulfate,

water and then finally with 20 mL of equilibration buffer at the

corresponding pH. The culture supernatant containing lipase
activity was diluted 1:2 with equilibration buffer and applied to the
column at a flow rate of 15 mL/h. The column was then washed
with equilibration buffer and the chromatographic fractions were
,a0 ONCe the A280 was less than 0.05, the

enzyme was desorbed from the column with a linear gradient of

collected and read at A

imidazole (0-500 mM) in the same buffer system at a flow rate of 30
mL/h and fractions were assayed for enzyme activity and protein
content.

Electrophoretic Analysis of Lipase from Mutant Strains of
Pseudomonas Aeruginosa: SDS-PAGE and native PAGE of purified
lipase and culture supernatants were carried out as mentioned
previously (Bloom, et al. [18]) and stained for protein with silver
nitrate.

Lipase Immobilization: The immobilization of lipase was
performed by entrapment on calcium alginate beads as well as
by covalent method using GA on 96 and 24-well tissue culture

microtiter plates.

Lipase Entrapment in Calcium Alginate Beads: A solution of
4% (wt/v) of sodium alginate and a 2% (w/v) solution of CaCl2
were prepared previously and sodium alginate solution (2 ml)
was mixed with 2 ml of purified enzyme (specific activity 0,2 U/
mg protein) from mutant strain 3B of P. Aeruginosa. An automatic
micropipette was used to make small drops which were dripped
into CaCl2 solution and spherical beads of different diameters
were obtained. Calcium chloride solution was gently stirred for 1
h at room temperature and the calcium alginate beads containing
lipase were recovered by filtration of CaCl2 solution. These
beads containing immobilized enzyme were washed with 25 mM
phosphate buffer at pH 8 and air dried at room temperature. The
bead size was measured by using an optical microscope equipped
with a digital image analyzer which was measured at several angles

and mean values were obtained.

The recovery of immobilized enzyme activity was determined
in triplicates by measuring the enzyme activity of the free and
immobilized forms of lipase by ELISA reader at A415. The
immobilized form of lipase activity was measured by using calcium
alginate beads in a reaction mixture containing 100 pL of substrate
solution which was incubated at room temperature for 10 min.
Subsequently, the supernatants were read at A415 and compared
with the control samples. The enzyme beads were stored in 25
mM phosphate buffer at pH 8.0 at 42C. The storage stability of
immobilized enzyme was carried outin 25 mM phosphate buffer pH
8.0 at 4°C. The beads were used to assay for enzyme activity three
times a week for one month by using the methodology described
above. The operational stability was carried out to determine re-
utilization of the entrapped lipase which was assayed with p-NPP

as described above. Ten cycles were performed in 10 days and each
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cycle of the immobilized lipase was run for 45 min. The residual
enzyme activity was expressed as the percentage of the activity at
several cycles compared with the first cycle.

Covalent Immobilization of Lipase with Glutaraldehyde
on Microtiter Plates: 96 and 24-well microtiter plates were used
as supports for lipase immobilization as described previously
(Charneca, et al. [19]). As far as 96-well microtiter plates are
concerned, 0, 10, 20, 40, 60, 80 and 100 pL of purified lipase
(0,2 U/ mg protein) from mutant strain 3B of P Aeruginosa
were added to the wells and the solution allowed to dry at room
temperature. Subsequently, 25% (v/v) of (GA) were added at
different concentrations (0, 2, 4, 6, 10 and 15% GA) and allowed
to dry. The wells were washed three times with 0.1 M phosphate
buffer at pH 8 and the immobilized enzyme was stored at 4°C in
25 mM phosphate buffer at pH 8.0. Lipase assay was carried out
in triplicates to measure the immobilized lipase activity by adding
100 pL of substrate solution in microtiter plates wells which were
incubated for 10 min at room temperature. The supernatant was

Results and Discussion

read at A415 in ELISA plate reader in the test wells as well as in
the control wells. 24-well microtiter plates were used to immobilize
lipase by adding to the wells 0, 50, 100, 200, 300, 400 and 500 pL of
purified enzyme (0,2 U/ mg protein) from 3B mutant strain which

were allowed to dry at room temperature.

After the enzyme solution had dried, 25% (v/v) GA was added
at different concentrations (0, 2, 4, 6 and 8% GA) and allowed
to dry at room temperature. The wells were washed three times
with 0.1M phosphate buffer at pH 8 and lipase assay was carried
out in triplicates to measure the activity of immobilized enzyme
by adding 150 pL of substrate solution to the wells which were
incubated for 10 min at room temperature. The supernatant was
read at A415 in ELISA plate reader in the test wells as well as in
the control wells. The immobilized lipase in microtiter plates were
kept in 25 mM phosphate buffer pH 8.0 at 42C for storage stability
purposes which was carried out as described for calcium alginate
beads. The operational stability was also performed as described
for enzyme beads.

Lipase Production from Wild-Type and Mutant Strains of P. Aeruginosa

—e— 3B
- 38
W ild-type L1O
-4 - Wild-type L10
—E— a3

- Al

Culture time (days)

Lipase activity (UL)

Culture time [days)

Figure 1: A.

Lipase production from wild-type (L10) and mutant strains of Pseudomonas aeruginosa in two culture media.

Growth curves of wild-type L10 and mutant strains (3B and AI3) of P. aeruginosa in two culture media. Culture medium A with

olive oil (- - - -) and culture medium B with used cooking oil (
B.

).

Lipase production from wild-type (L10) and mutant strains of Pseudomonas aeruginosa in two culture media. Lipase

production from wild-type and mutant strains in both culture media. Culture medium A with olive oil (- - - -) and culture

medium B with used cooking oil (__).
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Lipase production from wild-type L10 and mutant strains AI3
and 3B of P Aeruginosa was investigated by using two culture media
as shown in (Figure 1). The growth culture in terms of biomass
was similar for all mutant strains in both culture media (Figure 1).
However, lipase activity was higher in culture medium containing
olive oil compared with the used cooking oil (85,9 and 44,5 U/L),
respectively (Figure 1B). The highest lipase activity was observed
in both media for mutant strain 3B followed by wild-type L10
and AI3 strains as revealed in (Figure 1B). As far as literature is
concerned, there are two reports about the use of olive oil for lipase
production from Pseudomonas aeruginosa strains (760 and 41600
U/L).However, itis difficult to compare lipase levels described in the
literature because the assay method as well as assay conditions are
different from the present work (Mobarak Qamsari, et al. [20,21]).
To author’s knowledge, there are no reports in the literature about
the use of used cooking oil for lipase production from wild-type and
mutant strains of P Aeruginosa.

Experimental Planning for Optimization of Several Parameters
for Lipase Production

Table 1: Analysis of variance (ANOVA) of the factorial design
model proposed.

Source S 3 TR Ot Mean Square F value
Squares Freedom
Model 5430x 7 7,757 x 10-4 132,729
10-3
Temperature (A) 1’302_13)( 1 1,921x10-3 328,629
Strain (B) 2'125’_73" 1 2,207x10-3 | 377,568
Culture medium 9,555 x
© 10-5 1 9,555 x10-5 16,349
5,062 x 8,662 x
AB 10-8 1 5,062 x10-8 10-3
1,856 x
AC 10-4 1 1,856 x 10-4 31,764
. 4,676 x
Residual 10-5 8 5,844 x 10-6
5477 x
Corrected total 10-3 7

A preliminary optimization of some key factors affecting lipase

production was carried out above. Subsequently, experimental
planning was performed on a statistical factorial of 2® with a
total of eight experiments in duplicate. This study was carried
out to establish the effect of three factors as follows: the growth
temperature of microbial strains (252C and 37°C), the nature
of strain of P Aeruginosa (Wild-type L10 and 3B) and the
appropriate culture medium (olive oil and used cooking oil). The
statistical factorial design is a tool that provides the minimum
number of experiments required to evaluate the simultaneous
effects of multiple variables and multi-variables interactions on
predetermined processing objective (Montgomery, et al. [14,15]).
The summary of the analysis of the variables of the factorial model
are presented in (Table 1) which exhibit the average responses and
the predicted results. The effects of each variable and multivariable
interaction and predetermined process objectives were obtained

by the use of Design-Expert software version 9.0.3.

The high value of F model (132.729) implies that the model
is significant and there is a small percentage of this high value F
occurs due to noise. An empirical equation was obtained to estimate
the value of the response (slope/sensitivity): y=0.04201+0.02191
A-0.02349 B+0.00489 C+0.00011 AB-0.00681 AC Where y is
the enzyme activity of lipase and A, B and C are the values of
temperature, bacterial strain and culture medium, respectively.
This equation is used to determine an optimum response. The data
in (Figure 2A) revealed the three-dimensional representation for
the interaction of temperature parameter (252C and 372C) and the
culture medium (olive oil and used cooking oil) on lipase activity
from mutant strain 3B of P. Aeruginosa. The optimized conditions
consisted of a temperature of 37°C and a culture medium with olive
oil since (Figure 2A) displayed highest enzyme activity for these
values. The data in (Figure 2B) revealed the three-dimensional
representation for interaction parameters of strain (Wild-type L10
and Ph3B) and temperature (25 2C and 372C) on lipase activity from
P. Aeruginosa in the culture medium with olive oil. The optimized
conditions consisted of a temperature of 372C with mutant strain
3B of P. Aeruginosa, since these parameters exhibited the highest
enzyme activity. As far as literature is concerned, there are no
reports about experimental planning for lipase production from P
Aeruginosa.
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A.  Experimental planning for optimization of several parameters for lipase production. Three-dimensional representation
for interaction of temperature parameters and culture medium on lipase activity from mutant strain 3B of P. aeruginosa.

B.  Experimental planning for optimization of several parameters for lipase production. Three-dimensional representation
for interaction parameters of mutant strain and temperature on lipase activity from P. aeruginosa in culture medium with olive

oil.

Chromatographic Behavior of Lipases from Wild-Type and
Mutant Strains of p. Aeruginosa on Immobilized Metal Chelates

The chromatographic behaviour of lipases is summarized
in (Table 2A), for epoxy-activated Sepharose 6B-IDA (S6) as
the stationary phase as well as for different immobilized metal
chelates. The results from adsorption assays strongly suggest that
immobilized Cu (II) chelates of this stationary phase exhibited
the highest affinity for both lipases (Table 2A). Moreover, all

immobilized metal chelates of epoxy-activated Sepharose 6B-IDA
adsorbed both lipases at pH 6.0 and 8.0 whereas the adsorption was
rather weak at pH 7.0. X-ray structure of lipase from P. Aeruginosa
has been reported in the literature which exhibits a monomer
with a single polypeptide chain. It contains seven histidine (His)
residues per enzyme molecule at positions 14, 81, 83, 109, 238,
251 and 276 of the polypeptide chain (Nardini, et al. [22]). Lipase
adsorption observed in IMAC is essentially governed by the spatial
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distribution of histidine residues on the protein surface. Therefore,
the differential chromatographic behaviour of lipase from wild-
type and mutant strains is due to the presence of different number
of histidine residues on their surfaces. It is important to point out
that IMAC was also successfully used for lipase purification from
basidiomycete strains such as Pleurotus ostreatus and Ganoderma
lucidum (data not shown). The culture supernatant containing
lipase activity from mutant strain AI3 was purified in a single
step by IMAC on epoxy-activated Sepharose 6B-IDA-Cu(Il) at pH
8.0 with a specific activity of about 0,2 U/mg protein, a recovery
of about 225% and purification factor of about 20 (Table 2B).
Based on the data obtained from the qualitative and quantitative
adsorption tests, several chromatographic runs were carried out on
columns packed with 5 ml of sedimented stationary phase which
was charged with transition metal ions at different pH values.

Table 2A: Chromatographic behavior of lipase from wild-type
L10 and mutant strain 3B of P. aeruginosa on immobilized metal

chelates of epoxy activated Sepharose 6B-IDA (S6).

Stationary .
pH Phose | CullD | Nil) | Zn(ID) | Co(ID
6 S6 + + + +
Lipase from
mutant S6
strain 7 + - + -
3Bof P
Aeruginosa S6
8 + + + +
S6
Lipase from | 6 + + + +
wild-type
strain S6
L10 of P 7 - - - -
Aeruginosa
S6
8 + + + +
Note:
1. +, denotes that enzyme activity adsorbed to the
stationary phase.
2. +, denotes partial binding since enzyme activity was

detected both at the washing and elution steps.

-, denotes that enzyme activity did not bind to stationary phase
since total enzyme activity was recovered at the washing step.

All chromatographic runs were carried out in triplicates.

Table 2B: Purification of lipase from a mutant strain AI3 of
P.aeruginosa by IMAC on epoxy activated Sepharose 6B-IDA-
Cu(Il) at pH 8.0.

Total Total Specific lZeco(:/f-
Purifica- . Lipase | Activity Y Purifica-
. Protein . . Enzyme .
tion Steps activity | (u/mg fa tion Factor
(mg) ) rotein) activity
P (%)
L.Culture "} 5010 | 0247 | 00098 100 1
supernatant
2.Column 1528 | 0562 | 0,202 2275 20,61
eluate

The concentration of imidazole required for protein desorption
from the column was found to increase as a function of the pH
of the mobile phase as predicted by IMAC theory. For instance,
according to (Figures 3A & 3B), it was found that the concentration
of imidazole required for the desorption of lipase from the column
packed with epoxy-activated Sepharose 6B- IDA-Cu(Il) increased as
a function of the pH of the mobile phase. Several research workers
have observed the same effect in retention of peptides and proteins
lacking histidyl groups on immobilized metal chelates which may be
due presumably to the binding of unprotonated alpha-amino group
to metal chelates at higher pH (Porath, et al. [23,24]). By lowering
the pH of the mobile phase to 6, selective interactions occur with the
available histidine residues on the surface of the protein, and thus,
the desorption of the protein is achieved with a lower imidazole
concentration in the mobile phase (Martins, et al. [16]). In order
to confirm that the interaction of lipases with immobilized Cu(II)
chelates was due to the coordination between available histidine
residues on enzyme molecules and chelated transition metal ions,
chromatographic runs were carried out with imidazole in the
equilibration buffer. The results revealed that lipase did not adsorb
to immobilized Cu(II) chelates in the presence of 20 mM imidazole
in the equilibration buffer (Figure 3C). It was also observed that
lipase did not adsorb to epoxy-activated Sepharose 6B-IDA column
without Cu ions which suggests that adsorption of lipase on this
affinity matrix was apparently due to the specific interaction of
immobilized metal chelates and histidine residues available on

lipase (data not shown).

The recovery of lipase activity was higher that 100% (Table 2B)
and this result may be due to either the presence of small molecules
as inhibitor in the culture supernatant or a change in conformation
on the purified enzyme molecule. Moreover, published work has
been reported that lipase was found in culture supernatant of P
Aeruginosa as aggregates of high molecular weight complexes
with lipopolysaccharides (Stuer, et al. [7]) which could apparently
reduce its enzyme activity. The purified enzyme was apparently
homogenous on SDS and native PAGE running as a single protein
band with a Mr of 42 KD (data not shown). As far as published
reports are concerned in the literature, lipases have been purified
by using several time-consuming purification steps with low final
recoveries of enzyme activity of about 7 and 15% and purification
factor of 98 and 1000, respectively (Borkar, et al. [21,7]). Regarding
the specific activity of purified lipase in the literature, it is difficult to
compare with the present data since different assay methods, assay
conditions and enzyme units were used in their work respectively
(Borkar, et al. [21,7]). As far as the literature is concerned, the
main advance in the present work involves the differential
chromatographic behaviour of lipase on stationary phases of IMAC
by using several immobilized metals chelates. On the other hand, a
one-step purification of lipase from mutant strains of P. Aeruginosa
by IMAC is a novel procedure. This chromatographic technique was
also successfully used for lipase purification from basidiomycete

strains (data not shown).
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Mutant strain 3B with a linear gradient of 0 to 250 mM of imidazole at pH 7.0
B.  Purification of lipase from mutant strains of P. aeruginosa on epoxy —activated Sepharose 6B-IDA-Cu (II) column. Mutant
strain AI3 with a linear gradient of 0 to 500 mM of imidazole at pH 8.0
C.  Purification of lipase from mutant strains of P. aeruginosa on epoxy —activated Sepharose 6B-IDA-Cu (II) column. Mutant
strain AI3 with an equilibration buffer with 20 mM imidazole and a linear gradient of 20 to 500 mM of imidazole at pH 8.0 on

epoxy —activated Sepharose 6B-IDA-Cu (II) column.

Lipase Immobilization

Lipase was immobilized by entrapment on calcium alginate
beads and covalent immobilization with glutaraldehyde on
microtiter plates. Preliminary experiments revealed that beads
of high diameter exhibited low lipase activity. Therefore, we

[Imidazaole] (mM)

-

Purification of lipase from mutant strains of P. aeruginosa on epoxy —activated Sepharose 6B-IDA-Cu (II) column. A -

investigated the effect of bead diameter on immobilized lipase

activity. The data presented in (Figure 4A) revealed that optimum

lipase activity was observed for beads with diameter range of 1 to

2 mm. These results may be explained due to external and internal

mass transfer limitations for immobilized enzymes. The recovery
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of immobilized enzyme on calcium alginate beads was about 40%
compared with the free enzyme (Figure 4B). The storage stability
of immobilized lipase was investigated by measuring residual
enzyme activity of calcium alginate beads which revealed about
15% loss of enzyme activity (data not shown). On the other hand,
the operational stability of immobilized lipase was investigated for
10 cycles which revealed a t, of 41,75 cycles or days (Figure 4B).

As far as literature search is concerned, there is only one published
work on immobilization of lipase from P. Aeruginosa on calcium
alginate beads which reported immobilization yield of about 93%
(Kavardi, et al. [25]). On the other hand, lipase from Corynebacter
sp. was also immobilized on calcium alginate beads which exhibited
about 87 and 68% of original enzyme activity for 21 and 40 days of
storage stability at 4°C, respectively (Roy, et al. [26]).
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Figure 4:
A.
bead diameter on biocatalysis of immobilized lipase
B.

Lipase immobilization from mutant strain 3B of Pseudomonas aeruginosa. Entrapment on calcium alginate beads. Effect of

immobilization from mutant strain 3B of Pseudomonas aeruginos. Entrapment on calcium alginate beads. Operational

stability of immobilized lipase on calcium alginate beads for 10 cycles of 45 min.

C.

Lipase immobilization from mutant strain 3B of Pseudomonas aeruginosa. Covalent binding on microtiter plates by

using glutaraldehyde. Effect of glutaraldehyde concentration on recovery of immobilized enzyme activity in 96-well microtiter

plates.
D.

Lipase immobilization from mutant strain 3B of Pseudomonas aeruginosa. Covalent binding on microtiter plates by using

glutaraldehyde. Operational stability of immobilized lipase from mutant strain 3B on 24-well microtiter plates by using 200 uL

of purified enzyme (0.54U/mL).
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However, none of these reports provide information about
the re-utilization of immobilized lipase as well as its operational
stability. Covalent immobilization of lipase was carried out in 96
and 24 -well microtiter plates. The effect of glutaraldehyde (GA)
concentration on immobilized lipase activity was investigated on
96-well microtiter plates by using different volumes of purified
enzyme. The data revealed in (Figure 4C) strongly suggest that
high concentrations of GA significantly decreased the enzyme
activity since this bifunctional reagent is highly toxic for proteins by
damaging their tertiary structure. On the other hand, high amounts
of enzyme used for covalent immobilization revealed high enzyme
activity for most concentrations of GA (Figure 4C). The storage
stability of immobilized lipase was investigated which revealed
about 25% loss of enzyme activity (data not shown). On the other
hand, the operational stability of immobilized lipase on 24 -well
microtiter plates were investigated for 10 cycles which revealed
tl/2 of 27.8, 7,3, 20,8 and 13,2 cycles or days for 2, 4, 6 and 8%
GA, respectively (Figure 4D). Regarding the literature, there are
no reports about lipase immobilization on microtiter plates in the
presence of GA. Lipase immobilization on microtiter plates was a
novel procedure which exhibited high enzyme recovery, storage and
operational stabilities. However, some published work reported the
immobilization of other enzymes, whole cells and cell-free extract
of microtiter plates by using GA (Charneca, et al. [19,27,28]). These
reports investigated the storage stability of immobilized glucose
nanosensors and glucose oxidase which was 7 and 4 months and
operational stability of at least 20 and 30 cycles, respectively
(Charneca, et al. [19,28]).
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