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Abstract

Lipases (EC 3.1.1.3), triacylglycerol hydrolases, are a significant group of
biotechnologically applicable enzymes and they find enormous applications in food,
detergent and pharmaceutical industries. Lipases are largely produced from microbes,
and they play a fundamental role in commercial ventures. A lipase from thermophilic
Burkholderia pseudomallei bacterial strain was isolated from Saudi Arabian
environment. Based on this strain, a lipase gene encoding 399 amino acids was cloned,
and expressed in E. coli BL21 (DE3). The lipase protein fused with glutathione S-
transferase was purified to homogeneity 128.2 fold. SDS- PAGE of the purified enzyme
revealed it has Mr of 32 kDa. The recombinant lipase was efficiently immobilized in
calcium alginate gelatin composites. The optimum temperature for free enzyme highest
activity was recorded at 65°C however the immobilized enzyme exhibits the highest
activity at 70°C. The immobilized enzyme retains most of its activity and shows high
stability for 120 min at 70°C compared to 45 minutes for the native enzyme when
incubated at 70°C. The free enzyme has an optimum pH at 7.5 but this optimum pH is
shifted to 8.5 for the immobilized enzyme. The free and immobilized lipase catalytic
function were enhanced in the presence of 1 mM of Ba™, Ca™ and Na®, but inhibited by
ImM of Ni"", Hg"", Cu"" and Co™. The free and the immobilized enzyme activities
increased in the presence of 5 mM Fe™", Co™" or Li".

1. Introduction

The natural production of fatty acids by the hydrolysis of natural oils and fats is a very
important component in the economic utilization of these naturally produced renewable
raw materials. A significant number of high value products require fatty acids in their
manufactures. These include coatings, adhesives, specially lubricating oils, shampoos
and other personal care products. Oils and fats are part of a group of compounds known
as fatty esters or triglycerides, and their hydrolysis essentially involves reactions with
water to produce valuable free fatty acids and glycerol [1]. Enzymatic hydrolysis of
triglycerides may be carried out at ambient conditions. Microorganisms produce different
classes of lipolytic enzymes, including lipases (EC 3.1.1.3), which specifically catalyze
the hydrolysis of ester linkages of long chain triglycerides at an oil-water interface [2].
Lipases are currently attracting enormous attention because they constitute the most
important group of biocatalysts for biotechnological applications [3-5]. Most of the
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lipases used in industry are microbial enzymes, of both
fungal and bacterial origin [6-7]. Bacterial lipases vary
widely in enzymatic properties and substrate specificities.
Consequently, they are currently receiving much attention
because of their potential applications in various industrial
processes and biotechnological applications [8]. The
industrial demand for highly active preparations of lipolytic
enzymes with appropriate specificity and stability to pH,
temperature, ionic strength and organic solvents continues to
stimulate the search for new enzyme sources [9].

Thermophilic bacteria are an important source of
thermostable enzymes (in solvents and detergents), which
give these enzymes considerable potential for many
biotechnological and engineering applications [10].
Thermophilic lipases show higher thermostability, higher
activity at elevated temperature and often show more
resistance to chemical denaturation. This makes them ideal
tools in industrial and chemical processes where relatively
high reaction temperatures and/ or organic solvents are used.
The industrial request search for the thermostable continues
to stimulate the microorganism’s produces of thermostable
enzymes. A small number of thermophilic lipase producing
bacteria have been described in the last decades [11]. It was
reported that a few thermostable lipases have been isolated
from thermophiles and hyperthermophiles [13]. The
knowledge of thermostable lipolytic enzymes in industrial
applications is increasing at a rapid and exciting rate [12].

In this work we describe the cloning and overexpression
the lipase enzyme from thermophilic Burkholderia
pseudomallei by using the molecular biology tools. The
overexpressed protein is purified, immobilized and optimal
pH; temperature, thermal stability and the effect of different
cations are studied for both free and immobilized enzyme.

2. Materials and Methods

Chemicals: All the chemicals, restriction enzymes, DNA
polymerase and DNA ligase used were AR or molecular
biology grade, and obtained from Sigma, BDH chemicals
LTD, Bio-Rad and stored as directed by supplier.

2.1. Bacterial Strains and Plasmid DNA

E. coli AB1157 strain (F ™ thi-1 thr-1 araC14 leuB6 A(gpt
proA2)62 lacY1 tsx-33 galK2 A Rac ~hisG4 rfbD1 rpsl31 st
kdgK51 xylAS mlt-1 argE3,[14]), DHS5(supE44 hsdR17
recAl endAl gyrA96 thi-1 relAl,[15]), BL21 (DE3) strain
(hsd S gal (Ac its857 indl Sma7 nin5 lac Uv5 T7genel,[16])
and pGEX-2T DNA plasmid (GST gene fusion plasmid IPTG
inducible ApR) were kindly provided by Dr Picksley, S. M.
(Biomedical Science Department, Bradford University, UK).

2.2. Media and Growth Conditions

Luria Bertani (LB) medium was made by dissolving 10g
bacto-tryptone, 5g yeast extract, and 10g NaCl in 1 litre
deionised water and sterilised by autoclaving. LB agar plates

were prepared by adding 20g agar to one litre of LB medium.
The LB media was supplemented with 100pg/ml ampicillin
(LBA).

2.3. Chromosomal and Plasmid DNA

Extraction and purification of both chromosomal and
plasmid DNA were carried out using the procedure described
by Sambrook, et al. [17]

2.4. Restriction Enzyme Digestion

The digestion of DNA by restriction enzymes was carried
out according to the manufacturer’s instructions. The reaction
digestion was terminated by heating at 70°C for 15 min and
adding 1/6 volume DNA loading dye.

2.5. Agarose Gels

DNA was analysed by using horizontal agarose gel
electrophoresis. The DNA mixed with 1/6 volume of loading
dye (10%w/v ficol 400, 0.06%w/v bromophenol blue and
0.5%w/v SDS) and loaded onto the 0.8% agarose gel in TAE
buffer(0.04M Tris-HCI pH 7.9, SmM sodium acetate, 1mM
EDTA). The electrophoresis was performed in TAE buffer
and stained with ethidium bromide (0.5pug/ml).

2.6. Polymerase Chain Reaction (PCR)

Oligonucleotides DNA primers (forward)
(5'ACTCATTTCAGGGGATCCGCCATGGTTC3' Bam HI
site is underline) and (reverse)

(5'GGCCGAATTCTGCAATCGCTCATGCC3' Eco RI site is
underline) were designed with defined restriction sites to
facilitate the cloning process. DNA primers were designed in
frame to amplify the /ipase gene from the chromosomal DNA
of thermophilic B. pseudomallei. The Polymerase Chain
Reaction (PCR) was carried out in an overall volume of 50 pl
containing 2.5 pul of each primer (50 ng/ul), 2.5 pul (2mM)
deoxynucleoside triphosphate mix, 3 ul Mg ion (25 mM), 5
pul buffer (10 X buffer delivered with the Pfu DNA
polymerase), 1 ul template DNA (~0.1 ng), 1 ul of Pfu DNA
polymerase, 5 ul dimethyl sulphoxide (DMSO), and the
reaction was diluted to 50 ul with distilled water and mixed
gently. The reaction mixture was incubated at 94°C for 4
min. The following PCR cycle was repeated 30 times:
denaturation 94°C for 1 min, annealing of primers at 55°C
for 1 min and DNA synthesis at 72°C for 2 min. This was
followed by 4 minute incubation at 72°C before the mixture
was stored at 4°C.

2.7. Cloning of Lipase Gene Into pGEX-2T
DNA Plasmid

The PCR products of the amplified /ipase gene was treated
with BamHI and Eco RI restriction enzymes and purified by
low melting point agarose [17]. A plasmid pGEX-2T DNA
vector was purified and linearized with Bam H I and EcoR 1
restriction enzymes. The lipase gene digested with Bam H 1
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and Eco R I restriction enzymes was ligated into the plasmid
previously treated with both Bam H I and Eco RI restriction
enzymes. The ligation mixture was transformed into
competent cells of E. coli DH5 and plated onto LBA plates
and incubated at 37°C overnight. Individual colonies were
examined by plasmid mini prep with restriction enzyme
digestion to identify the recombinant plasmids. The
recombinant plasmid designated pMMY103 (pGEX-2T-
lipaseBpsIPTG- inducible Ap®) contains the whole lipase
gene in-frame with the Glutathione S transferase (GST)
fusion protein. E. coli BL21 (DE3) cells were transformed
with pMMY 103DNA plasmid to express the GST-lipase
fusion protein. The generated E. coli strain designated E.coli
Lipase.

2.8. Polyacrylamide Gel Electrophoresis

Sodium dodecyl sulfate polyacrylamide gel electrophoresis
(SDS-PAGE) was carried out according to Laemmli, [18].

2.9. Time Course of Overexpression of
GST-Lipase Fusion Protein

E. coli Lipase was streaked onto LB ampicillin plates and
incubated overnight at 37°C. A single colony was used to
inoculate 10 mL of LB broth supplemented with 100 pg/mL
ampicillin, and grown overnight at 37°C and 200 rpm in a
shaking incubator. The overnight cultures were used to
inoculate 100 ml LBA media. The cultures were incubated at
37°C and 200 rpm, until they reached to the mid-logarithmic
growth phase OD 450, 0f 0.4 - 0.6, then ImM of isopropyl-1-
thio-B-galacto-pyranoside (IPTG) was added. At various
times 1ml samples were removed and the cells were pelleted
by centrifugation at 6,000 rpm for Smin. Cells were then
resuspended in 100ul of 1X SDS gel loading buffer [100
mMTris-HCI pH 6.8, 4% (w/v) SDS, 0.2% (w/v)
bromophenol blue, 20% (v/v) glycerol, 200 mMdithiothreitol
(DTT)], boiled for 4min, sonicated three times for 5sec and
analysed by SDS-PAGE.

2.10. Purification of GST-Lipase Fusion
Protein

The bacterial strain BL21(DE3) carrying plasmid pGEX-
2T lipase gene that overexpresses GST-Lipase fusion protein
was prepared from 500 mL culture. The cell pellet was
resuspended in buffer A (50mM Tris-HCI pH 8.0, 50mM
NaCl, 5mMdithiothreitol [DTT], 1.0mM phenyl methyl
sulphonyl fluoride [PMSF], 0.1mM Benzamidine, 10% (v/v)
glycerol and Proteinase Inhibitor Cocktail Tablet, Boehringer
Mannheim) and then placed in an ice-water bath, and finally
sonicated five times for 30 s (with a 5 mm diameter tip at
maximum output using a MSE 150 Watt Ultrasonic Fisher).
The lysate was cleaned by centrifugation for 30 min at 4°C
with 15,000 rpm. The resulting supernatant was applied to a
12 ml DEAE-Sepharose fast flow (Amersham Pharmacia
biotech) column at 30 mL/h, previously equilibrated with at
least ten bed volumes of buffer A. The unbound proteins
were removed from the column by passing 100 ml buffer A

through the column and . The boundless proteins were eluted
from the column by using 100 ml gradient of 50-500 mM
NaCl in buffer A. Fractions of 5 ml were collected and
assayed for the GST-Lipase fusion protein by SDS-PAGE.
The best fractions containing the GST-Lipase fusion protein,
judged by SDS- PAGE were collected and dialysed overnight
against 2 liters of buffer B (25 mM Phosphate, 125 mM
NaCl, | mM PMSF, 0.1 mM Benzamidine and 10% (v/v)
glycerol). The dialysed proteins were applied on to a 2 ml
Glutathione S sepharose 4B column (Amersham Pharmacia
biotech) previously equilibrated with 50 ml buffer B with
flow rate 30 ml/h. The unbound proteins were washed away
from the column with 50 ml buffer B. The bound protein was
eluted from the column with a 10 ml buffer B containing 10
mM reduced glutathione ~30 ml/h and 2 ml fractions were
collected for GST-Lipase protein and then assayed by 10%
SDS-PAGE.

2.11. Immobilization of Lipase in Calcium
Alginate-Gelatin Composites

Combinations of Gelatin alginate mixtures were prepared
by adding gelatin (3%) to sodium alginate solution (5%) in
water and then cross-linking with glutaraldehyde. Typically,
sodium alginate (500 mg) and gelatin (300 mg) were added
to distilled water (8 ml) in a conical flask, and autoclaved for
15 min at 120°C. The hot solution was allowed to cool to
room temperature with constant stirring with a magnetic
bead. The purified lipase protein (3 ml) was then added, and
the mixture was stirred for 15 min. Glutaraldehyde (0.3 ml of
25% solution in water) was added, and the contents were
stirred for an additional 15 min. This slurry was then
transferred to a dropping funnel with a plastic tip and allowed
to fall dropwise into cold CaCl, solution (4°C). The beads
were left in the CaCl, solution for 30 min to harden. The
supernatant was decanted, and the beads were then washed
with distilled water and stored in a refrigerator.

2.12. Enzyme Assay

Lipase activity was determined by spectrophotometer
using p-nitrophenylpalmitate (p-NPP) as a substrate. One
milliliter of 99% ethanol containing 50 mg of p-NPP was
mixed with 9 mL of 50 mM sodium phosphate buffer (at
optimum pH) containing gum Arabic (0.11%) and triton X-
100 (0.44%). The diluted enzyme solution (0.1 mL) was
added to 1 mL sodium phosphate buffer (50 mM, optimum
pH) and the reaction mixture was pre-warmed to 30°C and
then mixed with 1 mL of freshly prepared substrate solution.
The reaction mixture was incubated at optimum temperature
for 30 min, and subjected to colorimetric assay at 410 nm.

One unit of enzyme activity was defined as the amount of
enzyme that liberated 1 UM p-nitrophenol per minute under
the assay conditions. Under the conditions described, the
extinction coefficient of p-nitrophenol is 1.46 x 10° Cm* M.

2.13. Protein Determination

Protein concentration was determined as described by
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Bradford [19] using Bovine Serum Albumin (BSA) as
standard.

2.14. Determination the Optimum pH,
Temperature of Lipase Activity

The optimum pH of lipase activity was determined by
estimating the enzyme activity at various pH values (4.0—
12.0) of buffer under standard assay conditions. The buffer
systems were utilized at a concentration of 50 mM: glycine—
HCI buffer (pH 4.0-5.0), sodium hydrogen phosphate-NaOH
buffer (pH 5.0-7.0), Tris—HCI buffer (pH 7.0-9.0), disodium
hydrogen orthophosphate NaOH buffer (pH 9.0-11.0), and
glycine— NaOH buffer (pH 10.0-12.0). The enzyme activity
in the range of pH 4.0-12.0 was examined by incubating the
enzyme solution for 40 min at the optimum temperature at
different pH values, and then the residual activity of lipase
was performed according to the standard assay protocol
described above. Estimation of the lipase activity at different
temperatures (20-80°C) was carried out at standard assay
conditions.

All data about determination the optimum pH, temperature
of lipase activity are the average of triplicate analyses.

2.15. Effect of Metal lons on the Enzymatic
Activity

The effects of various metal ions (1 mM and 5 mM)
including Ni'", Cr', C0+2, Mg2+, Cu2+, Fez+, Ca2+, Zn2+,
Mn®', Ba**, Na', K, Cs" and Li" as chloride salts were
investigated. In these experiments, the enzyme was pre-
incubated with metal ions for 40 min at the optimum
temperature and pH and then the residual lipase activity was
tested on p-NPP substrate. Lipase activity in the absence of
metal ion was taken as 100%.

All data about the effect of metal ions on the lipase activity
are the average of triplicate.

3. Results and Discussion

3.1. Chromosomal DNA Isolation and PCR
Amplification of the Lipase Gene

Thermophilic B. pseudmallei strain was isolated from
Saudi Arabian environment. The strain has displayed the
highest lipolytic activity among 93 identified microorganisms
(Author unpublished data). The nucleotide sequence of the
lipase gene in the B. pseudmallei strain K96243 has been
reported and the nucleotide sequence was identified as a part
of the B. pseudmallei genome sequence [20]. The sequence
of lipase gene of B. pseudmallei strain contain 1197
nucleotide base pair (bp) distributed in the following number
and percentage 462G (38.60%), 431C (36.01%), 127A
(10.61%) and 177T (14.79%). The lipase gene of B.
pseudmallei has a high GC contents ratio.

The lipolytic enzymes isolated from bacteria were
classified into eight different families according to their
amino acid sequence [21]. The largest family (family I),
consists of six subfamilies, including the best studied “true

lipases,” such as Pseudomonas lipases [22] and Bacillus
lipases. The family 1.2 includes lipases from
Chromobacterium viscosum [23], Burkholderia glumae [24],
and Burkholderia cepacia [25-26]. Although a number of
lipase producing bacterial sources are accessible, only a few
are commercially exploited as wild or recombinant strains
[27-28]. The PCR oligonucleotide forward and reverse
primers were utilized to amplify the entire /ipase gene of
bacterial strain B. pseudmallei 21bp upstream of the lipase
gene to 14bp downstream of the /ipase gene with EcoR I and
BamH 1 restriction sites. The 1.2 kbp DNA PCR product of
the lipase gene of bacterial strain B. pseudmallei was
amplified, digested with both EcoR I and BamH 1 restriction
enzymes and purified from low melting point agarose gel.

3.2. Cloning the Lipase Gene Into the
pGEX-2T DNA Vector

The pGEX-2T is a suitable vector for the cloning process
because its complete sequence is known. The pGEX-
2Tcontains a useful and unique EcoR 1 and BamH 1
restriction sites, and expresses GST protein tagged of the
target protein of interest Lipase gene of B. pseudmallei. The
pGEX-2T DNA was digested with EcoR I and BamH 1 to
linearize the circular DNA vector. The 1.2 EcoR I and BamH
I DNA fragments containing the entire lipase gene were
inserted downstream the GST gene in the pGEX-2T DNA, as
represented in Figure 1. The EcoR 1 and BamH I DNA
fragment of pGEX-2T and the 1.2 kbp EcoR I and BamH 1
DNA fragment of B. pseudmallei lipase PCR product were
ligated using T4 DNA ligase. The ligation mixture was
transformed into competent cells of the E. coli strain DH5
and plated onto LB agar plates supplemented with 100 pg/ml
ampicillin. The recombinant plasmid DNA was designated
pMMY103.

Lacl

‘| pGEX-2T
AmnHI

Eco RI
S— f,

AmpR promoter
pBR322 Origin / Pstl

Figure 1. Schematic diagram of the construct used for overexpression of
recombinant lipase. The lipase gene (lip Bps) fused to GST sequence and
was cloned downstream of the Tac promoter in pGEX-2T DNA expression
vector, which also contained the genes for lacl and lacZ repressors, pBR322
origin and ampicillin resistance.

The recombinant plasmid containing the lipase gene of
bacterial strain B. pseudmallei was transformed into
competent cells of E. coli strain BL21 (DE3). The E. coli



American Journal of Microbiology and Biotechnology 2015; 2(6): 82-91 86

BL21 (DE3) protease deficient host strain containing the
recombinant lipase gene of B. pseudmallei with pGEX-2T
DNA (PMMY 103) was designated E. coli lipBps.

3.3. Overexpression of GST-Lipase B.
pseudmallei Fusion Protein

A time course of the overproduction of GST-Lipase B.
pseudmallei fusion protein was studied by adding IPTG to a
final concentration 1 mM at time 0, 1, 2... h, and a 1.0 mL
sample was withdrawn for SDS-PAGE analysis at each time
interval. The results of over production of the GST- Lipase B.
pseudmallei fusion protein (~ 58kDa) are shown in Figure 2.
The overproduction of GST-Lipase B. pseudmallei is evident
after 1 hour of IPTG induction (Figure 2 Lane 3). The GST-
Lipase B. pseudmallei fusion protein is optimally expressed
after 6 hours of IPTG induction. The best overexpression of
GST- lipase B. pseudmallei fusion protein from bacterial
strain E. coli lip Bps appears after 6 hours as represented in
Figure 2 Lane 8.

M [0 1 [ 23 4] 5] 6 [Timem

KDa

200
116

66 GST- lipase
B. pseudomall

fusion protein
45

29 GST- protein

Figure 2. Induction time course for overexpression of the GST-lipase B.
pseudmallei fusion protein. Early to mid-log culture of E. coli lipBsp
overexpressing GST-lipase B. pseudmallei fusion protein was induced at
time 0 hours with IPTG at a final concentration of 1 mM and samples were
taken and analysed by 10% SDS-PAGE gel at times indicated.(Lane 2-8)
IPTG, protein marker (Lane 1) Sigma SD6H2 (M. Wt 30,000-200,000 KDa).

3.4. Purification of GST-Lipase B.
pseudmallei Fusion Protein

Bacterial cells from E. coli lipBsp were lysed, and the
GST- Lipase fusion protein was purified using glutathione
sepharose. Before this nucleic acid was removed by applying
the cell extract to a DEAE sepharose column. The lipase gene
of bacterial strain B. pseudomallei was amplified by the PCR,
and cloned into the pGEX-2T DNA vector under the strong
Taq promoter. The Tag promoter allowed the lipase protein to
be over expressed tagged with the GST protein to facilitate
the purification process. It was noticeable from the protein
profile in Figure 3 Lane 4 that the purification process led to
the purification of 58 kDa protein corresponding to the GST-
lipase fusion protein. The purification of GST-Lipase B.
pseudmallei fusion protein was confirmed by Western blot
using an anti-GST antibody (data not shown). As illustrated
in Figure 3 the purified GST-lipase fusion protein of B.

pseudomallei appears to be homogeneous, yielding a strong
homogenate protein band in polyacrylamide gel
electrophoresis, which stained for protein. The apparent
molecular weight of GST-lipase B. pseudomallei fusion
protein is 58.0 kDa (Figure 3 lane 4). The molecular mass of
GST is 26 KDa and the molecular mass of B. pseudomallei
lipase is estimated 32 kDa. The molecular mass of lipase
purified from B. pseudomallei is similar to that the molecular
mass of lipases obtained from other bacterial strains as
Acinetobacter sp. RAG.1 (33 kDa, [29]), Pseudomonas sp.
KWI.56 (33 kDa, [30]) and P. fluorescens AK 102 (33 kDa,
[31]). The molecular mass of lipases of B. pseudomallei is
lower than that of the lipase protein purified from other
microorganisms e.g. Bacillus sp. THLO27 (69 kDa, [11]). On
the other hand, the molecular mass of lipase of B.
pseudomallei (32 kDa) is higher than that of the lipase
protein isolated from other sources e.g. Acinetobacter
calcoaceticus (30.5 kDa, [30] and B. subtilis 168 (19 kDa,

[32]).

M
200

116
97

66
GST- Lipase

B. pseudomall
Fusion protein

45

29

Figure 3. A figure showing the purification profile of GST- Lipase B.
pseudmallei fusion protein.

Lanes 1: protein marker Sigma SDS6H2-1VL (M.Wt 30,000- 200,000 KDa).
Lane 2: Crude extract of E. coli strain overexpressing GST- Lipase B.
pseudmallei protein.

Lane 3: GST- Lipase B. pseudmallei protein eluted from DEAE-sepharose
column by using 100 ml gradiant of 50-500 mM of NaCl in buffer A.

The results of various purification steps for the GST-lipase
B. pseudmallei fusion protein homogenate are presented in
Table 1. It is apparent that the protein content decreased
progressively from 11.7 mg/ml in the crude extract to 0.81
mg/ml in the eluant of the glutathione S sepharose 4B step.
This is accompanied by a gradual increase in the specific
activity of the enzyme from 0.914 U/mg proteins in the crude
extract to 117.2 U/mg proteins at the final purification step.
As shown in Table 1 the final step of purification indicates
that the enzyme activity is 128.23 fold enhanced compared to
the specific activity of the enzyme in crude extract.

In view of lipase purification, it was purified from B.
stearothermophilus MC7 to 19.25 fold with 10.2% yield and
a specific activity of about 12 U/(mg protein) [12]. A
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thermostable lipase formed by a thermophilic Bacillus sp.
J33 was purified to 175 fold [33]. The 128.23 fold of
purification for GST lipase B. pseudomallei (this work) is
higher than that the fold of purification recorded for lipase
from other bacterial species [34-36]. On the other hand, the

fold of purification of a GST lipase B. pseudomallei is lower
than the lipase recorded from other species as Pseudomonas
mendocina 240 fold [37]. The low fold of purification may
be due to the premature translation signal beyond the Tag
promoter in the pGEX-2T DNA vector.

Table 1. Purification of the lipase from B. pseudmallei. Results are the mean of triplicate assays.

Purification step Volume (ml)  Protein (mg/ml) Total activity (U)  Specific activity (U/mg)  Yield (%) Purification fold
Crude extract 300 11.7 3208.14 0.914 100 1

DEAE Sepharose 70 9.4 2566.20 3.9 79.9 4.27

Glutathione S sepharose 4B 10 0.81 949.32 117.2 29.6 128.23

3.5. Immobilization of Lipase Protein

In the present work, we report that the lipase enzyme
cloned from B. pseudmallei can be efficiently immobilized in
calcium alginate gelatin composites in the presence of
glutaraldehyde. The immobilized enzyme showed about
83 % of the activity of the native enzyme (data not shown),
indicating that the method of immobilization is particularly
suitable for lipase enzyme isolated from B. pseudmallei.

3.6. Biochemical Characterization of Free
and Immobilized Lipase of B.
pseudmallei

3.6.1. Effect of pH

250 1

—e—Free lipase B.pseudomallei
- ©- Imm. lipase B.pseudomallei

Lipase activity (U/mg protein)

pH Value

Figure 4. Effect of pH on the activity of the GST-lipase Bsp fusion protein
free and immobilized lipase cloned from B. pseudmallei. Results are the
mean + SD of triplicate assays.

The optimum pH of free and immobilized lipase is shown
in Figure 4. The free and immobilized lipase activities were
determined over a wide pH range from 4 tol2. It appears
from Figure 4 that the free lipase activity is low at pH below
7 but it increases gradually from 7 to 7.5. The optimum pH
value for the free enzyme is 7.5. After pH value of 7.5, the
enzyme activity declines again. The optimum pH for the
immobilized enzyme is recorded at the pH 8.5 (Figure 4).
This means that the immobilization process shift the
optimum pH from 7.5 to 8.5. Lipase purified from
Pseudomonas aeruginosa had maximal activity at pH 8.5-9.0
[38]. Other Pseudomonas lipase, such as F.111 [39], has its
maximal activity at pH values ranging from 6.0 to 10.0. On
the other hand, lipases from P. cepacia and Pseudomonas sp.

KWI.56 showed optimal pH values between 5.5-6.5 and 5.5—
7.0, [40 — 41], respectively].

3.6.2. Effect of Temperature

The optimum temperature for the GST- lipase B.
pseudmallei fusion protein for free and immobilized lipase
activities were determined over temperature range of 20-80°C
and the results are illustrated in Figure 5. It is apparent that
the optimal temperature for the free enzyme activity is 65°C.
Any further increase in the temperature leads to a significant
decrease in the enzyme activity. The optimum temperature
for the immobilized lipase is shifted to a higher temperature
(70°C). The optimum temperature for the immobilized
enzyme is higher than that for the free enzyme. The
immobilization process increases the thermostability of the
lipase protein of B. pseudomallei.

250 1
—e— Free lipase B.pseudomallei

- ©- Imm. lipase B.pseudomallei

200 A

150

100 A

Lipase activity (U/mg protein)

50 1

20 30 40 50 60 70 80
Temperature degree (°C)

Figure 5. Effect of temperature on the activity of the GST- lipase B.
pseudmallei fusion protein free and immobilized in 100mM Tris— HCI buffer
(pH 7.5 for free lipase and pH 8 for immobilized lipase). Results are the
mean + SD of triplicate assays.

It is well known that increasing the temperature causes an
increase in the inherent energy of the system and more
molecules can obtain the necessary activation energy
required for reaction to take place. The optimum temperature
of 65°C was recorded for free lipase of B. pseudomallei and
that temperature is identical to that observed for the lipases
isolated from P. mendocina 3121.1 [42] and Bacillus sp.
strain 398 [43]. However the optimum temperature of the
immobilized lipase of B. pseudomallei was 70°C which is
similar to the free lipase isolated from Bacillus sp. THLO27
[11]. Many bacterial lipases show lower optimal temperature
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than the ones for lipases of Serratiamarcescens (37°C) [44]
and S. haemolyticus (28°C) [45]. On the other hand, higher
optimum temperatures were reported for lipases from other
sources e.g. Burkholderia sp. 90— 100°C [46-47] and B.
thermooleovorans 1D.1 75°C [48]. Raising the temperature
above the optimum resulted in inhibition of the enzyme
activity. As the temperature increases above the optimum, the
energy of the system becomes sufficient to cause breakdown
of hydrogen bonding and other non-bonding forces holding
the tertiary structure of the protein.

3.6.3. Effect of Incubation Time

It is important to determine the period over which the
enzymatic reaction varies linearly with time. Therefore, the
free and immobilized GST-lipase B. pseudmallei fusion
proteins activities were measured at different periods of
incubation ranging from 15 to 120 minutes. The results of
these measurements are shown in Figure 6. It is evident that
the lipase activity is directly proportional to the time of
incubation. The incubation period of 40 minutes was chosen
for the free and immobilized GST-lipase B. pseudmallei
fusion protein. The relationship between the lipase activity
and the incubation period was linear up to 40 minutes. For
other lipases, this incubation time can be as short as 10
minutes e.g. Alcaligenes sp. [30], 30 minutes Pseudomonas
sp. [49], or as long as 1 hour B. alcalophilus [50].

300 1 —e—Free lipase B.pseudomallei

- ©- Imm. lipase B.pseudomallei
250 A it °

200 A

150

100 4

50 A

Lipase activity (U/mg protein)

15 30 45 60 75 90 105 120

Incubation time (minutes)

Figure 6. Effect of incubation time on the GST- lipase B. pseudmallei fusion
protein activity of free and immobilized. Results are the mean + SD of
triplicate assays.

3.6.4. Thermal Stability

Thermal stability of free and immobilized GST lipase B.
pseudmallei activity were investigated at 70°C using p-NPP
as a substrate (Figure 7). The free GST lipase B. pseudmallei
protein is stable at 70°C for 45 minutes, and after that time
the enzyme activity starts to decline, and reaches to 37% of
its optimum activity after 180 minutes. While, the
immobilized GST lipase B. pseudmallei activity at 70°C was
stable and active for 120 minutes and beyond that time the
enzyme activity begin to decline.

Thermal stability of both free and immobilized GST lipase
B. pseudmallei proteins at 80°C were also studied (Figure 8).
The free GST lipase B. pseudmallei was stable only for 30
minutes at 80°C, and after that time the enzyme activity start

to decline dramatically. The immobilized GST lipase B.
pseudmallei protein when exposed to 80°C, the protein was
stable for 60 minutes and after that time the protein activity
start to decline.

On studying the heat of inactivation for the free and
immobilized lipase enzymes from B. pseudomallei at 70 and
80°C it was found that the enzyme activity gradually
decreased at least after half an hour of incubation. This
demonstrates that lipase protein of B. pseudomallei is stable
at high temperature beyond the optimal temperature for at
least half an hour. Similar results were obtained for lipases
from B. licheniformis strain H1 [51]. Thermal stability of
lipase activity is obviously related to its configuration and
subsequently, the melting point.

—e— Free lipase B.pseudomallei
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Figure 7. Thermal stability of free and immobilized GST lipase B.
pseudmallei at 70°C. Results are the mean of triplicate assays.
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Figure 8. Thermal stability of free and immobilized GST lipase B.
pseudmallei at 80°C. Results are the mean of triplicate assays.

3.6.5. Effect of Metal lon on Lipase Activity
The chloride salts of the following cations were tested:
Hg™, Cu™, Fe™, Ni"?, Mn™, Mg™, Ca™, Co" Li", Cs", K
and Na'. These cations were used in concentration of 1 and
S5mM. The effects of metal ions on free and immobilized
lipase activity are summarized in Table 2. Free and
immobilized GST- lipase B. pseudmallei fusion protein were
activated by 1mM of Ba™, Ca™ and Na" whereas the Free
GST- lipase B. pseudmallei fusion protein was activated by 1
mM of Cr'?, Li*, Cs" and Mg+2. The immobilized GST lipase
B. pseudmallei fusion protein was stimulated by 5 mM Fe*
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and Co™ but inhibited by 1mM of the same cations as
represented in Table 2. The inhibitory effect on the enzyme
was observed for Ni*", Mn®", and Cu®’, and its with the
maximum for Hg*".

Table 2. Effect of various cations on the activity of both free and immobilized
GST-lipase B. pseudmalleifusion protein. Results are the mean of triplicate
assays.

Lipase Activity Free Cell Immobilize Cell
Metals 1 mM 5 mM 1 mM 5 mM
Control 100 100 100 100
Ba™ 137 118 108 46
Ca™ 141 74 134 48
Co™ 62 119 30 128
Ccr 119 100 39 59
Mg™ 134 82 43 47
Cu™ 34 57 65 44
Fe™* 51 314 46 128
Hg™ 53 25 86 37
Mn"™ 51 24 34 4
Ni* 14 48 75 56
Li 111 192 43 137
Na* 124 91 117 35
K 95 168 16 84
Cs' 133 100 66 47

According to Voet et al., [52], nearly one third of all
known enzymes require the presence of metal ions for their
catalytic activity. This type of enzymes includes the metal
enzymes, which hold tightly bound metal ion cofactors. The
most commonly transition metal ions are Fe*", Ni*', Cu®’,
Mn?*, and Zn**. The metal activated enzymes, in contrast,
loosely bind metal ion from solution, usually the alkali and
alkaline earth metal ions Na', K~ Mg®, and Ca’". It is
important to mention that many enzymes need the presence
of a mono or divalent cation (or more) to increase the
enzyme activity. Cations generally form complexes with
ionized fatty acids, changing their solubility and behavior at
interfaces [53].

Among the various tested cations for their effects on free
and immobilized lipase enzyme of B. pseudomallei, Ca'* is
the best activator (Tables 2) and this is in agreement with
those for lipase protein from B. alcalophilus [50]. A probable
elucidation of this observable fact is that Ca®" has a particular
enzyme activating effect that it exerts by concentrating at the
fat water interface. Therefore, calcium ions may achieve
three distinct roles in lipase action: removal of fatty acids as
insoluble Ca?" salts in certain cases, direct enzyme activation
due to resulting from concentration at the fat water interface,
and stabilizing effect of on the enzyme. The free lipase
protein of B. pseudomalle was stimulated with Ba**. Indeed,
[54] similar effects of Ba™ on lipase protein from B. sp. was
also observed. The other cations namely Mn™® and Cu'?
expressed considerable inhibitions effect on lipase protein of
B. pseudomall. The behavior of lipase from B. pseudomallei
in the presence of different concentration of Hg™ indicates
that any increase in Hg'® concentrations is association with
corresponded by a remarkable inhibition in the enzyme

activity. These results indicate the presence of thiol and
histidine as active site residue of the enzyme and these results
are in harmony with that of Sugihara et al. [41].

In conclusion, we have described the cloning and
characterization of a thermophilic lipase from bacterial strain
B. pseudomallei. The expression level of the recombinant
enzyme in E. coli was fairly high and allowed the production
of sufficient material for successful purification in only a two
purification steps (DEAE Sepharose Glutathione S sepharose
4B) with subsequent characterization. Therefore, results of
the present study suggest the possibility of production of
thermostable lipase protein of B. pseudomallei using
molecular biology techniques. This lipase protein was
purified and effectively immobilized on the Ca alginate
composite. The free and immobilized protein was stable at
moderately alkaline pH and temperature around 60°C. The
supplementations of the enzyme preparations with Ca’
increase the enzyme activity. The addition of Ca™ could
significantly improve the cleaning performance towards
different stains.

Acknowledgements

The author appreciates King Abdulaziz City for Science
and Technology General Directorate of Research Grants
Programs, Kingdom of Saudi Arabia for the financial support
Project No. 08- Biol3-6.

References

[1] Pronk, W., Kerkhof,P. J. van Helden, A. C, Van’t Reit, K.
(1988). The hydrolysis of triglycerides by immobilized lipase
in a hydrophilic membrane reactor. Biotechnol. Bioeng. 32:
512-518.

[2] Bornscheuer, U.T. (2002) Microbial carboxyl esterases:
classification properties and application in biocatalysis.
FEMES Microbiol. Rew. 26: 73- 81.

[3] Jaeger, K. E., Schneidinger, B., Rosenau, F., Werner, M.,
Lang, D., Dijkstra, B.W., Schimossek, K., Zonata, A. and
Reetz, M.T. (1997). Bacterial lipases for biotechnology
application. J. Mol. Catal. 3: 3-12.

[4] Benjamin, S., Pandey, A. (1998). Candida rugosa lipases:
Molecular biology and Versatility in Biotechnology. Yeast. 14:
1069- 1087.

[5] Hasan, F., Shah, A., A, Hameed, A. (2006). Industrial
applications of microbial lipases. Enzyme and Microb Technol,
39:235-251.

[6] Ghosh P K, Saxena R K, Gupta R, Yadav R P and Davidson W
S, (1996).Microbial lipases: production and applications Sci.
Prog 79: 119- 157.

[7] Saxena, R. K, Ghosh, P K, Gupta, R , Davidson, W S, Bradoo,
S., Gulati, R .(1999). Potential biocatalysis and future
industry, Curr. Sci. 77: 110-115.

[8] Aunstrup, K. (1990). Novo Nordisk foresees bright future for
genetically engineered industrial enzymes. Eur. Biotechnol.
Lett. 94:3.



(9]

[10]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

American Journal of Microbiology and Biotechnology 2015; 2(6): 82-91 90

De Simone, G., Menchise, V., Manco, G., Mandrich, L.,
Sorrentino,N. Lang, D., Rossi, M., Pedone. C. (2001). The
crystal structure of a hyper. thermophilic carboxylesterase from
the archaeon Archaeoglobus fulgidus. J. Mol. Biol. 314:507-
518.

Coolbear, T., R. Daniel, M.,Morgan. H. W. (1992). The
enzymes from extreme thermophiles: bacterial sources,
thermostabilities and industrial relevance. Adv. Biochem. Eng.
Biotechnol. 45:57- 98.

Dharmusthii, S., Luchai, S. (1999). Production, purification
and characterization of thermophilic lipase from Bacillus
spTHLO127 . FEMS Microbiol. Lett., 179: 241- 246.

Kambovrova, M., Kirilova, N., Mandeva, R., Derckova, A.
(2003). Properties of thermostable lipase from a thermophilic
Bacillus stearothermophilus MC7. J. of Molecular Catalysis
B. Enzymatic, 22: 307- 313.

Haki, G. D., and S. K. Rakshit. (2003). Developments in
industrially important thermostable enzymes: a review.
Bioresour. Technol. 89:17- 34.

Bachmann, B. J. (1972). Pedigrees of some mutant strains of
Escherichia coli K.12. Bacteriol. 36: 525- 557.

Hanahan, D. (1983). Studies in transformation of Escherichia
coli with plasmids. J. Mol. Biol. 166: 557- 580.

Studier, F. W. and Moffat, B. A. (1986). Use of bacteriophage
T7 RNA polymerase to direct selective high-level expression
of cloned genes. Journal of Molecular Biology 189, 113-130.

Sambrook, J., Fritsch, E. F., and Maniatis, T. (1989).
Molecular cloning: a laboratory manual. Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, N.Y.

Laemmli, U. K. (1970). Cleavage of structural proteins during
the assembly of the head of bacteriophage T,. Nature, 227
(5259):680- 685.

Bradford, M. M. (1976). A rapid and sensitive method for the
quantitation of microgram quantities of protein utilizing the
principle of protein.dye binding. Anal Biochem 72: 248- 254.

Holden, M.T., Titball, R.W., Peacock, S. J., Cerdeno. Tarraga,
A. M., Atkins, T., et al., . (2004). Genomic plasticity of the
causative agent of melioidosis, Burkholderia pseudomallei. J.
Proc. Natl. Acad. Sci. U.S.A. 101 (39), 14240- 14245.

Arpigny, J. L., Jaeger, K. E. (1999). Bacterial lipolytic
enzymes: classification and properties. Biochem J 343:177—
183.

Nardini, M., Lang, D.A., Liebeton, K., Jaeger, K.E., Dijkstra,
B.W. (2000). Crystal structure of Pseudomonas aeruginosa
lipase in the open conformation. The prototype for family I.1
of bacterial lipases. J Biol Chem 275:31219-31225.

Lang, D., Hofmann, B., Haalck, L., Hecht, H.J., Spener, F.,
Schmid, R.D., Schomburg, D. (1996). Crystal structure of a
bacterial lipase from Chromobacterium viscosum ATCC 6918
refined at 1.6 angstroms resolution. J Mol Biol 259:704-717.

Noble, M.E., Cleasby, A., Johnson, L.N., Egmond, M.R.,
Frenken, L.G. (1993). The crystal structure of triacylglycerol
lipase from Pseudomonas glumae reveals a partially redundant
catalytic aspartate. FEBS Lett 331:123-128.

Schrag, J.D., Li, Y., Cygler, M., Lang, D., Burgdorf, T., Hecht,
H.J., Schmid, R., Schomburg, D., Rydel, T.J., Oliver, J.D.,

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[33]

[37]

[38]

Strickland, L.C., Dunaway, C.M., Larson, S.B., Day, J,,
McPherson, A. (1997), The open conformation of a
Pseudomonas lipase. Structure 5:187-202.

Nthangeni, M. B., Patterton, H. G., Van, T. A., Vergeer, W. P.,
Litthauer ,D. (2001) Overexpression and properties of a
purified recombinant Bacillus licheniformis lipase: A
comparative report on Bacillus lipases. Enzyme Microb.
Technol. 28:705-712.

Kanjanavas, P., Khuchareontaworn, S., Khawsak, P.,
Pakpitcharoen, A., Pothivejkul, K., Santiwatanakul, S.,
Matsui,K., Kajiwara, T. and Chansiri, K. (2010). Purification
and Characterization of Organic Solvent and Detergent
Tolerant Lipase from Thermotolerant Bacillus sp. RN2. Int J
Mol Sci. 11(10): 3783-3792.

Gupta, R., Gupta, N., and Rathi, P. (2004). Bacterial lipases:
an overview of production, purification and biochemical
properties. Appl Microbiol Biotechnol 64: 763—781.

Snellman, EA, Sullivan ER, Colwell RR (2002) Purification
and properties of the extracellular lipase, Lip A, of
Acinetobacter sp. RAG.1. Eur J Biochem 269:5771-5779.

Brune, A. K., Gotz, F. (1992). Degradation of lipids by
bacterial lipases. In: Winkelman G (ed) Microbial degradation
of natural products. VCH, Weinhein, pp 243-266.

Kojima, Y., Yokoe, M., Mase, T. (1994). Purification and
characterization of an alkaline lipase from Pseudomonas
fluorescens AK 102. Biosci Biotechnol Biochem 58:1564—
1568.

Lesuisse, E., Schanck, K., Colson, C. (1993) Purification and
preliminary characterization of the extracellular lipase of
Bacillus subtilis 168, an extremely basic pH.tolerant enzyme.
Eur J Biochem 216:155-160.

Nawani, N., Singh, R. and Kaur, J. (2006). Immobilization
and stability of a lipase from thermophilic Bacillus sp.: The
effect of a process parameters on immobilization of enzyme.
Electro. J. Biotechnol., 9(5): 563- 565.

Lee, D.W., Kim, H.W. Lee, K.W. Kim, B.C. Choe, E.A., Lee,
H.S. Kim D.S. Pyun, Y.R. (2002). Purification and
characterization of two distinct themostable lipases from the
Gram.positive thermophilic bacterium Bacillus
thermoleovorans ID.1. Enzyme and Microbial Techno. logy.
29, 363- 371.

Gopinath, C., Hildal, A., Priya T., Annadurai, G. (2002).
Purification of lipase from Cunninghamela verticillata and
optimization of enzyme activity using response surface
methodology. World J. Microbiol. Biotechnol., 18: 449- 458.

Ogino, H., Nakagawa, S., Shinya, K., Muto, T., Fujimura, N.,
Yasudo, M., Ishikawa, H. (2000). Purification and
characterization of organic solvent tolerant lipase from
organic solvent tolerant Pseudomonas aeruginosa LST.03, J.
Biosci. Bioeng. 89 451-457.

Jinwal, U. K. Roy, U. Chowdhury, A.R. Bhaduri, A.P. Roy, P.
K. (2003). Purification and characterization of an alkaline
lipase from a newly isolated Pseudomonas mendocina
PK.12CS and chemoselective hydrolysis of fatty acid ester,
Bioorg. Med. Chem. 11 1041-1046.

Gilbert, E.J. Cornish, A. Jones,C.W. (1991). Purification and
properties of extracellular lipase from Pseudomonas
aeruginosa EF2, J. Gen. Microbiol. 137 2223-2229.



91

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

Magdy M. Youssef: Overexpression, Purification, Immobilization and Characterization of Thermophilic Lipase from
Burkholderia pseudomallei

Lin, S. F., Chiou, C. M., Yeh, C.M., Tsai,Y.C. (1996).
Purification and partial characterization of an alkaline lipase
from Pseudomonas pseudoalcaligenes F.111, Appl. Environ.
Microbiol. 62 1093-1095.

lizumi, T. Nakamura, K. Fukase,T. (1990). Purification and
characterization of a thermostable lipase from newly isolated
Pseudomonas sp. KWI1.56, Agric. Biol. Chem. 54 1253-1258.

Sugihara, A., Ueshima, M., Shimada,Y., Tsunasawa,S.,
Tominaga,Y. (1992) . Purification and characterization of a
novel thermostable lipase from Pseudomonas cepacia, J.
Biochem. 112 598- 603.

Surinenaite, B., Bendikiene, V., Juodka, B., Bachmatova, I.,
Marcinkevichiene, L. (2002). Characterization and
physicochemical properties of a lipase from Pseudomonas
mendocina 3121.1. Biotechnol Appl Biochem 36:47-55.

Kim, E. K., Sung, M. H., Kim, H. M., Oh, T. K. (1994).
Occurrence of thermostable lipase in thermophilicBacillus sp.
strain 398. Biosci Biotechnol Biochem 58:961— 962.

Abdou, A. M. (2003). Purification and partial characterization
of psychrotrophic Serratia marcescens lipase. J Dairy Sci
86:127-132.

Oh, B.C,, Kim, H. K., Lee, J.K., Kang, S.C., Oh, T. K. (1999).
Staphylococcus haemolyticus lipase: biochemical properties,
substrate specificity and gene cloning. FEMS Microbiol Lett
179: 385-392.

Rathi, P., Bradoo, S., Saxena, R. K., Gupta, R. (2000). A
hyperthermostable, alkaline lipase from Pseudomonas sp. with
the property of thermal activation. Biotechnol Lett 22:495—
498.

[47]

(48]

[49]

[52]

[53]

[54]

Rathi P, Saxena R. K, Gupta R. (2001). A novel alkaline lipase
from Burkholderia cepacia for detergent formulation. Process
Biochem 37:187-192.

Lee, O. W.,, Koh, Y. S., Kim, K. J., Kim, B. C., Choi, H. J,
Kim, D. S, Suhartono, M.T., Pyun, Y. R. (1999) Isolation and
characterization of a thermophilic lipase from Bacillus
thermoleovorans ID.1. FEMS Microbiol Lett 179:393— 400.

Dong H, Gao S, Han S, Cao S. (1999). Purification and
characterization of a Pseudomonas sp. lipase and its properties
in non. aqueous media. Appl Microbiol Biotechnol 30:251—
256.

Ghanem EH, Al.Sayeed HA, Saleh KM (2000) An alkalophilic
thermostable lipase produced by a new isolate of Bacillus
alcalophilus. World J Microbiol Biotechnol 16:459— 464.

Khyami-Horani, H. (1996). Thermotolerant strain of Bacillus
licheniformis producing lipase. World J Microbiol Biotechnol
12:399-401.

Voet, D. Voet, J.G. Pratt,C.W. (1960). Fundamentals of
Biochemistry, John Wiley, New York,

Palmer, T. (1985). Understanding Enzymes. Second Edirion.
Ellis Horwood Limited. John Willey and Sons, New York.

Bradoo, S., Rathi, P, Saxena, R. K., Gupta, R. (2002).
Microwave. assisted rapid characterization of lipase
selectivities. J Biochem Biophys Methods 51:115-120.



