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An extracellular lipase was isolated and purified from the culture broth of Brevibacterium halotolerans PS4 to provide
homogeneity, using ammonium sulfate precipitation, followed by chromatographic techniques on Sephadex G-75 column,
resulting in a purification factor of 2.98 fold with specific activity of 1016.10 IU/mg. The molecular weight of the purified
lipase was estimated by SDS-PAGE to be 80 kDa. The purified lipase had maximal activity within the pH range of 6 to 7,
with an optimum pH of 7, and within the temperature range of 35 to 55°C. The purified lipase exhibited not only stable but
enhanced maximal activity by Triton X100. The enzyme activity of Brevibacterium halotolerans PS4 lipase was enhanced
by Ca2+ and Mg2+. SDS and metal ions such as Hg2+, Zn2+, Cu2+, Ag2+ and Fe2+ decreased the lipase activity remarkably.
The extracellular lipase from orchard soil isolate was further applied for its application as laundry additives.
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Introduction
Lipases are glycerol ester hydrolases (EC: 3.1.1.3),
which hydrolyze ester linkages of glycerides at wateroil interface (Garlapati et al., 2010). During hydrolysis,
lipases pick acyl group from glycerides forming lipaseacyl complex, which then transfers its acyl group to
OH group of water (Ramani et al., 2010). Lipases
are the most important group of industrial bio-catalysts
that can be applied both as hydrolases and as
synthetases and proved their enormous potential in
various biotechnological applications. Unique
characters of lipases such as high stability in organic
solvents, their broad substrate specificity, and high
enantio-selectivity greatly increased their demand in
industrial market. The current market scenario of
hydrolytic enzymes positioned lipases at the top third
rank after proteases and amylases and their annual
market is targeted to reach about 590.5million dollars
by 2020. Microbial lipases have already established
their vast potential regarding their usage in different
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industries (Bora and Kalita, 2008). In the last decades,
the interest in microbial lipase production has
increased (Rajesh et al., 2010), because of its large
potential in industrial applications as additives for foods
(flavor modification), fine chemicals (synthesis of
esters), waste water treatment (decomposition and
removal of oil substances), cosmetics (removal of
lipids), pharmaceuticals (digestion of oil and fats in
foods), leather (removal of lipids from animal skins)
and medicine (blood triglyceride assay) (Nadia et al.,
2010; Padmapriya et al., 2011; Sebdani et al., 2011).
Most of the well studied microbial lipases are
inducible extracellular enzymes (Tan et al., 2003).
They are synthesized within the cell and exported to
its external surface or environment. Extracellular
lipases have been produced from microorganisms,
such as fungi, yeast and bacteria, beside from plants,
and animals; whereas commercial lipases have been
produced from Pseudomonas genus, Pseudomonas
cepacia, Pseudomonas alcaligenes and
Pseudomonas mendocina (Chigusa et al., 1996). In
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1994, the recombinant lipase ‘‘Lipolase”, isolated from
the fungus Thermomyces lanuginosus and expressed
in Aspergillus oryzae was first introduced by
NovoNordisk. Then, in1995, two bacterial lipases
‘Lumafast’ from Pseudomonas mendocina and
‘Lipomax’ from Pseudomonas alcaligenes
correspondingly were introduced by Genencor
International (Jaeger and Reetz, 1998). Detergent
lipases also were originated from Candida (Novak
et al., 1990) and Chromobacterium (Nawani et al.,
1998).
Considering the ever increasing demand for the
better lipases in the industry for the search for ecofriendly and economical sources of lipase producing
bacteria the present study has been carried out for
the purification and the characterization of an
extracellular lipase from Brevibacterium
halotolerans PS4 and its application as a detergentstable lipase.
Materials and Methods
Microorganism
Brevibacterium halotolerans PS4, accession no.
KX671556 identified as a good lipase producer was
isolated from the rhizospheric soil of oil seed plants
orchard of Distt. Solan of Himachal Pradesh (India).
The culture was grown on tributyrinagar medium
incubated at 40ºC for 24, and was maintained on
nutrient agar slants at 4°C. The media composition
comprised (g/l): Beef extract 3; Peptone 5; NaCl 5;
Agar 2% and 1% tributyrin.
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The obtained sample was then loaded on a
Sephadex G-75 column pre-equilibrated with 0.1M
Tris HCl buffer (pH-7.0) and 60 fractions were then
eluted with a flow rate of 3 mL/min. The elution profile
of proteins was monitored at 280 nm. After 12%SDS–PAGE analysis, pure and active fractions were
stored at –20oC until used for more biochemical
characterization.
Assay for Lipolytic activity (Lawrence et al., 1967)
Lipase activity was measured by titrimetric using olive
oil as a substrate. One ml of the culture supernatant
was added to the reaction mixture containing 1ml of
0.1M Tris-HCl buffer (pH 8.0), 2.5 ml of deionised
water and 3 ml of olive oil and incubated at 37oC for
30 min. After 30 min, 3 ml of 95% ethanol was added
to stop the reaction. Liberated fatty acid was titrated
against 0.1M NaOH using phenolphthalein as an
indicator. End point was an appearance of pink color.
A unit lipase is defined as the amount of enzyme,
which releases one micromole fatty acid per min under
specified assay conditions. Enzyme activity was
expressed as units per gram (U/g) of dry substrate.
Protein Assay
Protein content was determined following the Lowry
protocol (Lowry et al., 1951). The purified lipase was
analyzed electrophoretically by SDS-PAGE (12%)
according to the Laemmli method (Laemmli, 1970).
Characterization of Purified Lipase

Production and Purification of Lipase

Effect of pH

B. halotolerans PS4 culture was inoculated in
tributyrin medium @ 10.0% respectively. Cells were
discarded after 72 h of culture by centrifugation (20
min, 12,000 rpm) and the resulting crude enzyme
solution (250 mL) was precipitated with solid
ammonium sulfate (30-90 % saturation) at 4oC. The
preparations were kept overnight at 4°C and then
centrifuged that resulted in separation of precipitates
and supernatants. The precipitate obtained after
centrifugation was then re-suspended in minimum
volume of phosphate buffer (1.0 M, pH 7.0) separately
and were refrigerated until further use. The treated
supernatant was dialyzed against 0.1M Tris HCl (pH7.0) buffer with five changes overnight at 4oC using
14 kDa cut-off dialysis membrane.

The pH optimum of extra cellular lipase was
determined at different pH values from 4 to 11.0. The
optimal pH was determined by incubating the enzyme
substrate at various pH from 4.0 to 11.0 using different
buffers citrate phosphate buffer (pH 4.0-7.0), Tris
HCl buffer (pH 8.0) and glycine-NaOH buffer (pH
9.0-11.0) and the enzyme assay was performed to
determine the optimal pH titrimetrically using tributyrin
as substrate.
Effect of Temperature and Thermal Stability
The temperature optimum of extra cellular lipase was
determined at different temperatures ranging from
35-100oC. To determine the effect of temperature on
lipase activity, purified enzyme and substrate were
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incubated at various reaction temperatures before
starting the experiment and the enzyme assay was
performed to determine the optimal temperature
titrimetrically using tributyrin as substrate. Thermo
stability of the enzyme was determined by incubating
purified enzyme in 0.1 M phosphate (pH7.0) buffer
at different temperatures (35-100oC) for 0-180 min.
The residual lipolytic activities were then determined
using tributyrin as substrate.
Effect of Metal Ions on Lipase Activity
For determining the effect of different metal ions on
lipase activity, the purified enzyme were pre-incubated
with 20mM Tris HCl buffer (pH 8.0) was incubated
for 30 min with various metal ions (1mM) Ca2+, Mg2+,
Cu2+, Fe2+, Co2+, Zn2+and the residual activity was
determined using tributyrin as substrate under standard
assay conditions.
Effect of Media Additives on Lipase Activity
To determine the influence of different additives viz.
SDS, EDTA, CTAB, Tween 20, Tween 80, Triton X
100 and Glycerol etc. on lipase activity, purified lipase
in 1M phosphate buffer (pH 7.0) was pre-incubated
for 30 min at 50 oC and the enzyme assay was
performed to determine the effect of media additives
titrimetrically, using tributyrin as substrate.
Effect of Organic Solvents on Lipase Activity
To determine the influence of different organic
solvents viz. Methanol, Ethanol, Benzene, Chloroform,
Xylene and Acetone etc. on lipase activity, purified
lipase in 1M phosphate buffer (pH 7.0) was preincubated for 30 min at 50oC and the enzyme assay
was performed to determine the effect of media
additives titrimetrically using tributyrin as substrate
Shelf Stability of Lipase
Shelf stability of lipase was determined by preincubating the enzyme at 4oC in 20mM TrisHCl buffer
(pH 8.0). Enzyme activity was determined every 3
days till 9 days.
Application of Purified Lipase as a Laundry
Additive
The potential of purified lipase as a detergent additive
was analyzed by its washing performance on white
cotton cloth pieces stained with different oils. The
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different sets were braced as distilled water plus
stained cloth with each of viz., olive oil, black grease,
butter, vegetable oil, and white grease) were taken as
control, distilled water: detergent (100:1) with detergent
@7 mg/ml on stained cloth, distilled water: detergent
(100:1) with detergent @7 mg/ml plus 2 ml enzyme
solution on stained cloth. The above samples were
incubated at 50oC for 15 min. and after incubation
the cloth pieces were taken out, rinsed with water
and dried. After that visual observation and contrast
of different pieces to envision the effect of enzyme in
removal of stains was wired.
Results and Discussion
Production and Purification of Lipase
In the present work lipase produced by
Brevibacterium halotolerans PS4 in the culture broth
was subjected to a purification protocol. The crude
enzyme was subjected to purification. B. halotolerans
PS4 lipase exhibited an increase in enzyme activity
from 380 IU to 960 IU with a purification fold of 2.50
and 84.2% recovery (Table 1). By increasing the
ammonium sulphate concentrations to below 30% and
above 90%, a decrease in total activity was obtained.
A 3.45 fold increase in lipase after ammonium sulphate
precipitation was achieved from Bacillus subtilis
(Mazharet al., 2016).
The ammonium sulphate (30-90%) fraction was
applied to sephadex G-75 gel filtration column. Many
protein peaks were observed and only one activity
peak was detected (fractions 6-15) (Fig. 1). Active
fractions were pooled and lyophilized. The enzyme
activity of pooled fractions was checked by quantitative
titrimetric assays. The purification process resulted
in 2.94 fold purification factor and a final recovery
(yield) of 13.80 % of the enzyme with specific activity
of 1016.10IU/mg. The molecular mass of purified
lipase was estimated to be 80kDa with only one subunit from the relative mobility of proteins on SDSPAGE (Fig. 2).
Bae et al., 2014 purified lipase from Pichia
lynferdi iY-7723 with 33 purification fold using
chromatographic techniques and the purified lipase
represented maximum lipolytic activity. Tripathi et al.,
2013 purified lipase from Microbacterium sp. by
sequential methods of ammonium sulphate
precipitation and Sephadex G-75 gel column
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Table 1: Purification profile of lipase from Brevibacterium halotolerans PS4
Purification step
Crude enzyme

Total
volume

Enzyme
activity

Total
activity

Total
protein

Specific
activity

300

380

1,14,000

330

345.50

Purification % recovery/
fold
yield
1

100

Ammonium sulphate fractionation (30-90%)

25

960

96000

110

872.72

2.50

84.20

Dialysis

25

980

24500

27.5

890.84

2.58

21.5

Gel exclusion chromatography (Sephadex G-75)

15

1050

15750

15

1016.10

2.94

13.80

Mazhar et al. (2016) studied the purification of
extracellular lipase from Bacillus subtilis and its
molecular weight was determined through SDS PAGE
which was 41kDa. Ali et al. (2016) reported higher
molecular weight of around 54 kDa that has been
reported from a thermo stable lipase obtained from
Pseudomonas aeruginosa.
Effect of Temperature

Fig. 1: Protein and enzyme activity profile of fractions of
Sephadex G-75 column chromatography of the
dialyzed lipase of Brevibacterium halotolerans PS4

The effect of temperature on purified lipase was
investigated at various temperatures ranging from
35oC, 40oC…..100oC for 10 min. The enzyme was
found to be completely stable at 55oC with higher
enzyme activity and specific activity (Fig. 3). When
the temperature increased above 55°C the activity of
the enzyme was affected negatively and gradually
reduced. Present results are in close harmony with
the recent findings of Ali et al., 2016 who studied the
effect of temperature on lipase activity. The purified
enzyme was active in the range of temperature from
35 to 55oC with higher enzyme activity and specific
activity recorded at 45oC as compared to control.
Similar trends of temperature stability of purified
lipase from mesophilic strains have also been noticed

Fig. 2: SDS-PAGE of Brevibacterium halotolerans PS4 lipase at
various stages of purification. Lane 1: Sephadex
column chromatographed enzyme; Lane 2: Crude
enzyme; Lane 3: Marker (kDa); Characterization of
Purified Lipase

chromatography. This purification procedure resulted
in 2.1 fold purification of lipase with a 20.8 % final
yield. The purified lipase exhibited maximal hydrolytic
activity at a temperature of 50oC and a pH of 7.0.

Fig. 3: Effect of temperature on purified lipase of B.
halotolerans PS4
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previously by (Singh et al., 2014) and (Daoud et al.,
2013).

Table 2: Effect of divalent ions on the activity of purified
lipase

Effect of pH

Divalent ions

Relative activity (%)
B. halotolerans PS4

Lipase showed the activity in a range of pH (4.011.0) and showed maximum activity at pH 7.0. The
maximum observed activity of 99.79 were achieved
at pH 7.0, proving neutral nature of lipase from B.
halotolerans PS4 (Fig. 4). The Bacillus subtilis
PCSIR NL-39 lipase are active in pH range of 3.59.0. The previous reports have shown that lipase are
mostly produced by bacteria especially Bacillus
species who’s pH is 7.0 (Sirisha et al., 2010).

Ca2+

106.64

Mg2+

102.81

Cu2+

51.47

Fe2+

21.95

Co2+

9.58

Zn2+

8.57

Control

100.00

SE(m)

0.26

C.D.0.05

0.80

ionic detergents like Triton X. The maximum relative
activity observed was 106.64% for B. halotolerans
PS4 (Table 3). Treatment of ionic detergents like SDS
resulted in remarkable loss of enzymatic activity of
9.52% for B. halotolerans PS4 lipase. Kiran and
Chandra, (2008) also reported retention of 90%
activity in the presence of Tween 20, Tween 80 and
Triton X-100.
Table 3: Effect of surfactants on the activity of purified
lipase
Fig. 4: Effect of pH on purified lipase from B. halotolerans PS4

Surfactant

Relative activity (%)
B. halotolerans PS4

Effect of Metal Ions
Among the metal ions tested, enhancement in the
enzyme activity was observed in presence of Ca2+
and Mg2+ with 106.64% and 102.81% relative activity
when compared to control (Table 2). Similar increase
in enzyme activity has been shown by (Bano et al.,
2009). A relative activity of 111 and 117% has been
reported in the presence of Ca 2+ and Mg 2+
respectively. It is suggested that Ca2+ increases the
thermal stability of the enzyme due to the presence
of more binding sites (Ghasemiet al., 2015). These
results suggested that Ca2+ and Mg2+ both stimulants
were required for the stability of enzyme.
Effect of Surfactants and Inhibitors
The effect of different detergents on the lipase activity
indicated that the enzyme was fairly stable to non-

SDS

9.52

EDTA

22.85

CTAB

33.31

Tween 80

26.67

Triton X 100

106.64

Glycerol

101.92

Control

100.00

SE(m)

0.67

C.D.0.05

2.07

Effect of Organic Solvents
Stability and activity of enzyme in organic solvents
depend not only on the properties and concentration
of the organic solvent, but also on the nature of the
enzymes. Enzymes being proteins, lose their activity
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after addition of organic cosolvents concentrations
higher than 10-20%. Therefore, effect of various
organic solvents on the enzyme was examined. B.
halotolerans PS4 exhibited high tolerance to
methanol i.e. 70.72 % and 90.47% activity over control
(Table 4).
Table 4: Effect of organic solvents on the activity of purified
lipase
Organic solvent

Relative activity (%)
B. halotolerans PS4

Ethanol

83.83

Methanol

90.47

Acetone

83.82

Benzene

70.47

Chloroform

51.43

Xylene

55.29

Control

100.05

SE (m)

0.29

C.D.0.05

0.90

Shelf Stability
Shelf stability of the enzyme was studied at 4°C and
at room temperature for 9 days. B. halotolerans PS4
was found to be quite stable with a relative activity of
98.63% upto 6 days at 4°C. which further receded to
52.77% on day 9. On the other hand at room
temperature, decline in lipase activity was more i.e.
54.39% on 9th day by B. halotolerans PS4.

stain. The enzyme containing detergents also improve
the fabric quality and keeping color bright (Kumar et
al., 2016). The purified lipase from Brevibacterium
halotolerans PS4 have shown thermo stability,
halotolerance, as well as, broader pH range resistance,
therefore in the present work purified lipase was
proven for its proficiency to act in detergent
formulations. The additive effect of purified enzyme
in water along with branded detergents notably
improved the cleansing of grease, butter, vegetable
oil, olive oil and grease (white) as compared to the
control. The high competence of lipase to erase the
stain was proven and hence the lipase of
Brevibacterium halotolerans PS4 is strongly
recommended as an efficient additive for detergent
industry.
Conclusion
In the present work, purified lipase from novel isolate
Brevibacterium halotolerans PS4 showed excellent
activity over a vast range of temperatures and pH
values. Moreover, because of its pronounced thermal
stability as well as shelf stability and stability in organic
solvents, this enzyme could be of symbolic
biotechnological benefit, particularly in laundry
additives. As purification of lipase from a new strain
of Brevibacterium halotolerans PS4 is first time
reported and further research will focus on new
characteristics of this enzyme for its adoption in
detergent industry. Overall, the obtained data
suggested that purified lipase from Brevibacterium
halotolerans PS4 may be explored as a future
candidate in the detergent formulations.

Application of Lipase
Lipases have long been incorporated as a bio-builder
into heavy dirty detergents to hydrolyze and remove
lipolytic materials in stained clothes. The enzyme
based detergents have better cleansing properties as
compared to synthetic detergent. The enzymes in the
detergents do not lose their activity after removing
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