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Abstract: There is a growing trend to produce lipase from microorganisms owing to their commercial demand in various
industries. Bacillus cereus has been shown to have extracellular lipase activity and high growth rates. This study explains
the purification of microbial lipase to homogeneity by dialysis, precipitation and chromatography. The purified enzyme with
56kDa relative molecular mass exhibited the highest activity at 60°C (95.56U/ml) and pH 7 (124.50U/ml). The enzyme
activity was highly promoted in the presence of K* (136.17U/ml) and Zn**(133.07 U/ml), and SDS did not affect the enzyme
activity, whereas in the company of triton X100 activity of lipase is maximum (23.90 U/ml). The enzyme activity was
enhanced by using almond oil (120.00 U/ml) as a substrate. We deduce cheaper protocols for producing extracellular

lipase via simple laboratory techniques, which could be a good insight for its production at the commercial level.
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|
Introduction

EC 3.1.1.3 triacyl glycerol acyl hydrolase is a water-so-
luble enzyme that breaks down triacylglycerol into fatty
acids and glycerol; the reactions are the oil-water interface’.
They have a proficient role in aminolysis, transesterification
and esterification in organic solvents?. The significant sour-
ces of obtaining lipase are microbes, plants and animals.

Microbial lipase — obtained from microorganisms, is
produced by the fermentation of different bacterial species.
Vakhlu and Kour (2006) mentioned that microbial lipases
are much more stable than the lipases obtained from ani-
mals or plants®. There are many advantages of microbial
lipases as they have a low cost of production, easy to ob-
tain and reliable in using biotechnological reactions. Many
microbial species like Pseudomonas spp. Staphylococcus
spp., Chromobacterium spp., Alcaligenes spp., Achramo-
bacter spp. and Bacillus are widely used for lipase produc-
tion at the commercial level*.

Following the production, the purification of lipase is of
particular importance at the commercial level®. The enantio
specific and chemo regio behavior of lipases promote the
researcher's and industrialists' interest in lipase studies. Li-
pases obtained from different sources have already been
purified up to homogeneity. Several purifying strategies for
fungal lipases are under investigation. Kumar et al. (2005)
proposed DEAE-Sepharose column chromatography (die-
thyl aminoethyl-Sepharose column chromatography) and

ammonium sulfate precipitation strategies for the purifica-
tion (40-fold) of lipase from Bacillus coagulants’. Usually
employed ion exchangers are the carboxymethyl (CM) in
cation exchange (20%) and the DEAE group in anion ex-
change (58%). Strong ion exchangers based on Q-Sepha-
rose and triethyl aminoethyl groups are frequently used for
protein purification.

Microbial lipases are essential as they can remove li-
pid stains applied in eco-friendly waste-water treatment?;
cold-adopted lipases are crucial®. Moreover, personal care
products utilize lipases to produce aroma compounds in
cosmetic industries. Holding onto such demand, the present
study is designed for a cost-effective lipase production with
a significant focus on its purification and characterization.

|
Materials and methods

Isolation and Screening of Lipolytic bacteria

Soil and water samples were collected from various si-
tes, including oil industries, automobile garages and house-
hold wastages in Lahore, Pakistan. Samples were labeled
as samples 1, 2 and 3 and stored at 4°C in sterilized air-tight
containers. Lipase-producing strains from the samples were
isolated using the serial dilution technique, and then scree-
ning was done by a tributyrin agar base medium.
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Physical and biochemical characterization of isolates

Physical and biochemical characterization of isolates
was done by Gram staining, Colony morphology, Urease
test, Oxidase test, Catalase test, Tyrosine decomposition,
Coagulase test, Starch hydrolysis, Sporulation test, Methyl
red test, Citrate utilization, Nitrate reduction, Voges-Pros-
kauer (VP) test, Indole test, Motility test, Growth in different
temperatures and pH values and Acid release from sugars
method.

Media for Lipase Production

The media selected for lipase production was compo-
sed of 5gm/I glucose, 5gm/I peptone, 5gm/l yeast extract,
5% Olive oil, 0.5gm/l MgS0O47H20, 3gm/I NaCl and 100 ml
distilled water in a 250ml flask. This media was autoclaved
at 120°C for a half hour at 15 Ibs. pressure and fermented
at 37°C for 48 hours as a submerged fermentation method.

Lipase activity assay

Lipase activity was assayed using olive oil by the stan-
dard titrimetric method™. Gum Arabic (5%w/v) in 5 ml of
phosphate buffer of neutral pH and 2.0 ml of 0.6% CaCl2
solution were used for olive oil (10%Vv/v) emulsification whi-
le adding 500ul aliquot during the emulsion. The substrate
mixture was incubated at 150 rpm and 30°C for 15 minutes
in the rotary incubator. The reaction was terminated after
incubation using ethanol solution: 3ml of acetone (1:1) and
fatty acids were withdrawn. Phenolphthalein indicator was
used during titration of fatty acids with 0.1NaOH at 10.5 pH
for estimation of fatty acid liberation. One unit of enzyme is
the quantity of enzyme required for hydrolysis of 1umol of
fatty acids from triglycerides.

Bradford Total Protein Assay

Bradford's (1976)™ total protein assay was used to de-
termine total protein concentration, a spectroscopic analyti-
cal way of determining protein concentration in a given sam-
ple.

Characterization of crude enzyme

Crude enzymes assayed the culture broth at optimum
conditions of 30-70°C temperature for 10 minutes at a pH
of 8.0. The residual enzyme activity was measured by using
Standard enzyme test conditions.

Effect of pH on the activity and stability of lipase

Lipase activity was studied at 3.5, 4.0, 4.5, 5.0, 5.5, 6.0,
6.5,7.0,7.5, 8.0, 8.5 and 9.0 pH values using the following
buffer solutions of 0.1M citrate phosphate buffer with pH,
(3.5 - 6.0); 0.1 M sodium phosphate buffer with pH, (6.5 -
7.5); 0.1M tris HCI buffer with pH, (8.0 - 8.5); 0.1 M carbona-
te bicarbonate buffer with pH 9.0 with olive oil as substrate.
The effect of pH on lipase activity was checked by incuba-
ting in desired buffers for 20, 40, 50, 60, 70, 80 and 90 mi-
nutes, respectively. 100uL aliquots of the buffered enzymes
were used for assaying the lipase activity after incubation.

Effect of temperature on the activity and stability of
lipase

Similarly, temperature impact was characterized at di-
fferent ranges starting from 20°C to 80°C with a difference
of 10°C each in olive oil. The lipase activity was assayed af-
ter incubating at the temperature mentioned above ranges
for 30 minutes each.

Effects of different ions & detergents on lipase activity

According to previous studies, 1mM of some metal ions
can affect enzyme activity. For studying this effect, diffe-
rent metal ions were also used. These ions include Zn?,
Ag*, Cu®, Fe?, Na*, K*, Mn#, Ni*, Co?", Ca* and Mg*.
The effect of these metals on enzyme activity was monito-
red by putting 1TmM and 10mM of these metal ions in sam-
ples. Samples were stored for 1 hour at 30C. Similarly, the
process has been performed in the case of chemical de-
tergents. The enzyme activity was monitored after keeping
the sample for 1 hour at 30C in the presence of detergents
(DMSO, SDS, Tween 80 and trinton X-100).

Determination of substrate specificities

The effect of triacylglycerol on the activity of crude lipa-
se was measured at 7.0 pH at 40°C. Different oils such as
castor, almond, sunflower, and coconut oil were used as a
substrate. As mentioned by Abdelkafi et al. (2009), emulsifi-
cation of triolein was made just before use in 10 gum Arabic
solutions.

Purification of lipase enzyme Crude lipase enzyme
preparation

The crude lipase enzyme was obtained from the cultu-
re broth of Bacillus cereus after its centrifugation at 10,000
rpm for 15 minutes. Lipase assay and protein estimation
was done by using set methods.

Ammonium sulfate precipitation

Ammonium sulfate in solid form was added to the su-
pernatant at the saturation of 20% and incubated at 25°C for
4 hours to precipitate ammonium sulfate on centrifugation.
The same step was repeated at 40%, 60% and 80% satu-
ration in the supernatant. The sediments were dialyzed by
adding a small amount of de-ionized water repeatedly after
regular intervals overnight. All of the concentrated fractions
were tested for protein and enzyme activity to determine the
fraction with the highest activity's.

Dialysis

After the precipitation, the buffer became loaded with
much greater protein than before, bounded by the residual
ammonium sulfate. The extra salts were dialyzed against
a buffer in low salt concentration. First, the protein solution
was put into a dialysis bag through small holes, and the
protein remained inside the bag after the salt dialysis. The
bag was placed on a large buffer and stirred for 16 to 24
hours, equilibrating the salt concentration. After repeating
the equilibrium process several times, the salt concentration
level in the bag will reach the minimum level. The same bu-
ffer was used to dialyze the precipitated solution for a night
at 40C by using a dialysis membrane -50 with a diameter of
14.3 mm, flat width of 24.26 mm, and capacity of 1 mL/cm.
This dialyzed sample was used to assay lipase and protein
estimation.

Column Chromatography

The dialyzed solution was put together on a cellulose
powder column (2.5 x 15 cm) which was equilibrated with
10 mM phosphate buffer at neutral pH. After washing the
column, the samples were eluted with a linear NaCl gradient
(2 L), from 0 to 0.8M, in the same buffer with the flow rate
adjustment to 0.5 mL/min (fraction volume: 5 mL). Lipase
assay and protein estimation was done earlier. Finally, the
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lipase-rich fractions were pooled, stored at 4°C, and used
as the purified lipase.

Determination of molecular weight by SDS PAGE

The molecular mass of purified lipase was determined
by Sodium Dodecyl Sulphate Poly Acrylamide Gel Electro-
phoresis (SDS PAGE)™.

After purification, SDS-PAGE was applied to samples
as a separation process using a Thermo Scientific Elec-
trophoresis device. 12% polyacrylamide gel prepared with
1.5 M Tris-HCI buffer, 30% acrylamide mixture, 10% (w/v)
ammonium persulfate and TEMED and pH 8.8, 10% SDS
(w/v). For sample loading, glass plates of size 10x10 were
used, which had ten holes. The resolving gel was 12% pol-
yacrylamide gel which constituted 2 ml of 30 % acrylamide
mixture, 1.68 ml of water, 50 pl of 10 % SDS, 25 ul of 10 %
ammonium persulfate, 1.25 ml of 1.5 M Tris-HCI (pH 8.8)
and lastly 2.5 yl of TEMED up to 5ml of the final volume.
Polymerization started after adding TEMED to the mixture
and thus waited for another 10 minutes. The gel was dipped
into distilled water to avoid dryness. For stacking gels, 4%
gel consisted of 665ul of 30% acrylamide mixture in 3.05
ml of water, 50 pl of 10% SDS, 1.25 pl of 0.5 M Tris-HCI
(pH 6.8), 25 pl of 10 % ammonium persulfate and lastly 5 pl
of TEMED up to 5ml of the final volume. After polymeriza-
tion, the ladder was removed from the top. The prepared gel
was placed in a buffer tank filled with 1X Tris-Glycine-SDS
(TGS) as a running buffer. Sample buffer was used to dilu-
te the samples with the ratio of 1:4 (v/v) and turned it into
blue-colored samples. The samples were heated in the wa-
ter bath for 20 minutes at 95°C. Electrophoresis ran at 65 V
constantly for 30 minutes, then at 100 V for 2 hours until the
blue dye reached the bottom of the gel. After the completion
of electrophoresis, the gel was transferred into a shallow
staining tank filled with Coomassie colloidal blue staining
solution for 24 hours with slow shaking. After staining, the
gel was treated with 0.1M Tris-phosphate as a neutrali-
zation buffer. 25 %, v/v, methanol solution was used as a
destaining agent, and 20 %, w/v, of ammonium sulfate was
used as a fixing agent. The photographs were taken after
staining and destaining the gel.

|
Results

Isolation and Screening of Lipolytic Bacterial Strains

Samples collected from different sources were exami-
ned following serial dilutions. 100 bacterial isolates were
separated, as shown in Table 1. Lipase-producing strains
were isolated based on lipolytic activity; 25 bacterial isolates
had the potential for lipase production.

Collection Area

Number of Bacterial Iso-

Screening and Identification of Lipase producing
Isolates

Different qualitative and quantitative screening me-
thods were applied to select the best lipase producers. Out
of 100 suspected colonies, 25 bacterial isolates showed
false lipase production and one with maximum production
was selected for further studies. To the results of different
qualitative and quantitative assays, the isolate NL-37 led
total lipase production; the other strain did not exhibit con-
siderable lipase activity (Table 2). Identification was carried
out by morphological, biochemical and 16S rDNA sequence
analysis (Table 3).

Purification of Extracellular Lipases

Ammonium Sulfate Precipitation

The enzyme produced after optimization of the cultural
conditions was subjected to ammonium sulfate precipitation
for salt-induced precipitation of proteins. 80% supernatant
ammonium sulfate showed the enzyme activity of 23.3 U
ml-1 by Bacillus cereus. After the desalting process, enzy-
me purification and recovery by Desalting is carried out to
remove the traces of salt in sediments, resulting in increa-
sed enzyme activity.

lon Exchange Chromatography

The desalted enzyme was subjected to a DEAE-cellu-
lose column for ion exchange chromatography. The maxi-
mum lipase activity increased from the total fractions taken
13th fraction in the elution mechanism. At the same time,
the molecular weight was determined by SDS PAGE, which
showed 56 kDa of apparent weight.

The extracellular lipase of NL-37 was purified emplo-
ying the ammonium sulfate precipitation method followed by
dialysis and ion exchange chromatography. Table 4 shows
that the supernatant's 70% ammonium sulfate saturation
precipitated the highest amount of lipase. It offers 29.6%
recovery yield with a 1.9 purification fold. Ammonium sulfate
precipitation was followed by ion exchange chromatogra-
phy. The purified lipase of NL-37 exhibited a final specific
activity of 92 U/ml with 2.01-fold of purification and a re-
covery yield of 12.3% (Table 5). Low yield of the purified
enzyme due to loss during ammonium sulfate precipitation.

Characterization of Crude Lipases

pH Optimization of Extracellular Lipases

The effect of pH on the activity of crude lipases is
shown in Figure 1a. The result of different pH values on the
lipolytic activity of the enzyme was studied by incubating the
enzyme in various buffers with a pH range of 4.0 to 10.0.
After one hour of incubation, residual lipolytic activities of

Lipase producing isolates

lates
PCSIR 30 12
Industrial Wastes 20 06
Kitchen Wastes 20 02
Automobile Wastes 30 05

Table 1. Number of Bacterial Isolates from various sources.
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|
Isolates %

Diameter of zone of hydrolysis (mm)

NL 23 0.97 +0.06

NL 24 1.17 £ 0.06
Table 2. Diameter of zones

NL 25 0.80+0.10 of hydrolysis by a crude en-
zyme on tributyrin agar plate

NL 26 0.37 +0.06 from PCSIR after 24 hours.

NL 27 0.97 +0.06

NL 28 0.77 +0.12

NL 29 1.00 £ 0.00

NL 30 0.70 +0.20

NL 31 0.97 +0.06

NL 32 0.53 +0.06

NL37 1.97+0.061

NL 38 1.53+0.231

! Lipase-producing strains with higher yields

bacterial strains were measured using a titrimetric assay. It
is evident from the results that the maximum residual acti-
vity by Bacillus cereus was 124.50% in the reaction mixture
of pH 7.0 (Figure 1b).

Temperature Optimization of Extracellular Lipases

In the present study, the enzyme extract was incubated
at different temperature ranges, i.e., from 10-90°C (Figure
2). The effect of temperature on the activity of purified li-
pases was observed by incubating the enzyme at different
temperatures for one hour. The results showed that lipases
from Bacillus retained 90% of their activity at 60°C.

Effect of Metal lons on the Activity

The residual activities were determined after incuba-
tion of the purified lipases with 1mM and 10mM metal ions
(Figure 3a & 3b). At 1mM NL-37, lipase showed enhanced
activity with Na*, Zn?", Ca?*, K* and Mg?*, but at a concentra-
tion of 10mM of metal ions, lipase activity of NL-37 decrea-
sed with Zn?*; however, increased with Ca?*, K* and Mg?.

Effect of substrate on enzymatic activity

Different substrates were used to check the maximum
activity of lipases. Other than olive oil, mustard, almond,
sunflower, cast and coconut oils were used. All lipases ob-
tained from Bacillus sp. showed maximum almond oil activi-
ty and less mustard oil (Figures 3c & 3d).

|
Discussion

Our study utilizes different screening methods in lipase
purification. Moreover, the previous reports' have indicated
some critical steps, including the plate method using tribu-
tyrin and tween 80 with indicator. These methods are not re-
liable because the acidic waste metabolites alter the results.

We tried to overcome this problem by adopting an alternate
indicator called Rhodamine B.'® Bacillus spp. shows clear
inflorescence in rhodamine B agar plates; for example, B.
cereus has shown maximum lipase production at optimum
conditions. In the present study, the lipase produced by Ba-
cillus cereus had maximum activity at neutral pH. In support
of these results, many scientists reported the neutral pH li-
pases'”'® or alkaline optimum pH.'®?? Bacterial lipases are
stable up to 60°C. In the case of present experiments, the
lipases produced from Bacillus cereus showed maximum
residual activity at 600C, but lipase from the Bacillus strain
did not completely denature even at 90°C. Although reports
on bacterial lipases show a wide range of stability. In this
study, almond oil as substrate showed a high percentage of
activity, whereas very little activity was shown at mustard oil
substrate specifically for Bacillus sp.'2324,

For the final application of lipase in pharmaceuticals,
cosmetics, food and chemical industries certain degree of
purity is required. In this observation, the lipases produced
by Bacillus cereus were purified by ammonium sulfate pre-
cipitation; their specific activity was 200U/ml at 80% preci-
pitation. Various strategies used to purify lipase have been
reported?>?® showing the optimal purification scheme for di-
fferent microbial lipases.

The recovery of lipases was low due to loss during
ammonium sulfate precipitation?®. After that, dialysis was
performed and followed by DEAE-cellulose ion exchan-
ge chromatography. Results of chromatography showed
a specific activity of 807.4 U/mg for Bacillus cereus. After
purification, the SDS-PAGE analysis showed the molecular
weight of purified protein obtained from Bacillus cereus was
56 kDa, while the purified form of the enzyme showed 40
kDa of apparent size in Octyl-Sepharose column chroma-
tography2.



Purification and characterization of lipase produced from Bacillus cereus (PCSIR NL-37)

Characteristics NL-37

Morphological

Shape Rods (Chain)

Gram Stain G+ve

Motility Motile

Spore formation +ve

Growth

Growth Temp. 15-50°C

Growth pH 5-12

Biochemical Tests

Oxidase -ve

Catalase +ve

vP +ve

Indol test -ve

Methyl red tve Table 3. Morphological and biochemical characteri-
Nitrate Reduction tve zation of bacterial isolates.
Hydrolysis

Casein +ve

Starch +ve

Gelatin +ve

Growth in carbohydrates

Glucose +ve

Maltose -ve

Sucrose +ve

Fructose -ve

Manitol -ve

Ammonium Sulphate | Fraction activ- | Total activity | Fraction-dissolved | Total protein | Specific activity

Saturation ity (u/ml) (u) protein (mg/ml) (u/mg)

0% 70.7 4242 1.55 93 456
20% 10.24 563.2 1.02 56.1 10.03
40% 50.5 2525 1.39 69.5 36.33
60% 62.3 2803.5 0.82 36.9 759
70% 63.5 2397.5 0.79 27.6 86.71
80% 233 466 0.525 10.5 443

! Highest specificity (uw/mg)
Table 4. Purification of lipase produced from Bacillus cereus at different concentrations of Ammonium Sulphate.
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Purification Step Total activity U | Total dissolve = Specific activ- Recovery % Purification
protein ity
Cell free extract 4242 93 456 100% 1.0
Ammonium Sulphate 23975 27.6 86.7 29.6% 19
Dialysis 11993 18.2 65.8 19.5% 144
Chromatography 1058 115 92 12..3% 201
Table 5. Purification of extracellular lipase from Bacillus cereus.
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Figure 1. Characterization of Crude Lipase. (a) In pH optimization, SDS PAGE showed molecular weight: Line 1; mole-
cular marker (fermentas), Line 2; purified Lipase, Line 3; lipase after ammonium sulfate precipitation; (b) Maximum lipase
activity was shown at pH 7.0.
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Figure 2. Lipase activity at different temperatures. The optimum temperature for lipase activity was 60°C, where the

highest lipase activity was observed.
|
Conclusions

Lipases produced from Bacillus sp. are used as bio de-
tergents and bioremediation of fvastewater, and thus there
is an augmenting demand for extracellular lipase production
from [microbial sources. In a nutshell, the present study utili-
zes standard laboratory procedures of purification, ensuring
relatively higher specificity and recovery yields as well as
characterization [of microbial lipase at various parameters
in a cost-effective manner, making it a promising insight for
purification and characterization on an industrial level.
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