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Alkaline Lonar Lake is a unique ecosystem situated in the Buldhana District of the Maharashtra
State, India, harbors various haloalkaliphilic bacterial bacillus species which produces
biotechnologically important thermo-haloalkaliphilic enzymes. The bacterial strains BS1(1),
CS4(1) and DW1(1) were isolated and screened for production and partial characterizations of
lipase. The bacterial Isolates were characterized and identified as Bacillus pseudofirmus BS1(1),
B. pseudofirmus CS4(1) and B. pseudofirmus DW1(1). Alkaline lipase production was maximum
at pH 9 and activity was 1.54 unit/mL to 1.66 unit/mL. Lipase from these bacterial strains was is
active at higher temperature and pH and finds potential applications in food, pharmaceutical and
detergent industries.
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INTRODUCTION

(Tambekar and Tambekar 2012, Joshi et al.,
2005). These multi-faceted enzymes have
tremendous potential in detergent, food,
pharmaceutical, leather, chemical, health and
cosmetic industry and improvement in quality of
dairy, textile products (Ghanen et al., 2000; Vargas
et al., 2004; Tambekar and Tambekar, 2011). The
detergent industry is the largest market for lipase
enzyme. It is also thermostable organism growing
in naturally alkaline habitats may have lipase with
special characteristics. However, attempt was
made to isolate new species of bacillus, which

Alkaline Lonar Lake is a unique ecosystem
situated in the Buldhana District of the
Maharashtra State, India, harbors various
haloalkaliphilic bacterial bacillus species which
produces biotechnologically important thermohaloalkaliphilic enzymes (Kanekar et al., 2002;
Tambekar et al, 2010; Tambekar and Dhundale,
2012). The extreme environment of Lonar Lake
harbors a wealth of micro-organisms such as
alkaliphilic and halotolerant bacteria that have
potential in producing extra-cellular enzymes
1
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Identification of Lipolytic Isolates: The
bacterial with prominent zone of clearance on egg
yolk agar medium were processed for
identifications based on morphological, cultural
and biochemical characteristics. The isolates
were also tested for their growth at different
temperature, pH and NaCl concentration. These
isolates were identified in accordance with the
methods recommended in Bergey’s Manual of
Systematic Bacteriology (Sneath et al., 1986).
The selected strains were then analyzed by 16S
rRNA gene sequencing at NCCS, Pune
(Maharashtra) and BLAST Identification was
made.

can produce good quality of lipase useful in the
detergent and leather industry (Horikoshi, 1971,
1999). Alkaline lipase produced by Lonar lake
bacteria are of great importance in detergent and
leather industry due to their high thermo-stability
and pH stability and it has most important
industrial enzymes accounting for about 60% of
total enzyme market (Tambekar et al., 2013). The
very small work or study had been performing on
lipase producing bacteria from this lake, which
have ability to produce thermo and alkali tolerant
lipase (Joshi et al., 2002). Therefore, the present
study was aim to deal with the isolation,
screening, partial characterization and production
of a lipase producing bacteria isolated from the
alkaline Lonar Lake.

Preparation of Crude Enzyme Extracts: 100
mL of sterile alkaline nutrient broth and 1 mL egg
yolk was mixed with isolated culture and incubated
for 72 h incubation; centrifuged the broth at 5000
rpm per 15 min and the supernatant served as
crude enzyme sources for extracellular lipase.

MATERIALS AND METHODS
Isolation of Alkaliphiles: A total of four sediment
and eight water samples were collected in year
2013 from alkaline Lonar Lake. The 1.0 g of soil
or 10 mL water sample was transferred to 100
mL sterilized distilled water in 250 mL conical flask
and agitated (200 rpm) at 37°C for 15 min in
shaker. The suspension was then diluted to 10-7
dilutions. One mL of each diluted sample was
lawn into Petri Plates containing nutrient agar
medium (pH 10) and incubated at 37°C for 24 h.

Optimization of Crude Enzyme Lipase: Assay
of lipase was carried out by standard titrimetric
method (assay mixture contains 5 mL oil
emulsion, 5 mL 0.1 M tris buffer, 1 mL enzyme
suspension and incubated for 30 min at room
temperature). After incubation, the reaction was
terminated by addition of acetone and methanol
mixture and titration was done against 0.025 N
NaOH by addition of 1% phenolphthalein indicator.

Screening of Bacterial Alkaliphiles: Individual
bacterial colonies were screened for amylolytic
activities on egg yolk agar plate (egg yolk 1%,
Peptone 1%, yeast extract 1%, beef extract 1%,
sodium chloride 0.5%, Agar- Agar 2%, pH 10).
The inoculated plates were incubated at 37°C for
48 h, floods the iodine solution into the plate. The
halo-zone appears near the colony it means that
the lipid was hydrolyzed by bacteria (Joshi et al.,
2005).

Determination of Lipolytic Activity: Lipase
activity in the synthetic media was determined
titrimetrically on the basis of olive oil hydrolysis
by the slightly modified method of Kempka et al.
(2008). Assay mixture containing 180 mL of
distilled water, 20 mL olive oil, 0.4 g sodium
benzoate with 1 g gum Arabic was mixed with 5
mL 0.1 M tris buffer (pH 8) and 1 mL culture
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RESULTS AND DISCUSSION

supernatant. These master mixture was
incubated at 400C for 30 min and the reaction
was terminated by addition of acetone and
methanol mixture and liberated fatty acids were
titrated with 0.025 N NaOH using 1%
phenolphthalein as indicator. The one unit of
Lipolytic activity was defined as the amount of
enzyme that produced fatty acid in (µmL-1) unit
per mL under the standard assay conditions
(htttp://www.sigmaaldrich.com).

In the present study, a total of twenty different
bacterial species were isolated from water,
sediment and matt samples of Lonar Lake. Out
of twenty, seven bacterial strains were found
lipase producer and three prominent strains
BS1(1), CS4(1) and DW1(1) were selected for
further analysis on the basis of their optimum lipid
hydrolysis and was found to be 26 mm, 24 mm
and 22 mm (Fig ure 2). The isolated bacterial
strains BS1(1), CS4(1) and DW1(1) were
characterized on the basis of standard
biochemical test (Table 1) identified by 16S rRNA
gene sequencing as B. pseudofirmus BS1(1), B.
pseudofirmus CS4(1) and B. pseudofirmus
DW1(1) (Figure 1). All strains can grow at 7%
salt concentration and at 12 pH (Table 1).

Lipase Unit Calculation:

Lipase Activity =

ΔV × N 1000
×
V(sample)
30

where ΔV = V2 – V1
V1 = Volume of NaOH used against control flask
V2= Volume of NaOH used against experimental
Flask

The microorganisms Bacillus Pseudofirmus
BS1 (1), Bacillus Pseudofirmus CS4 (1) and
Bacillus Pseudofirmus DW1 (1) are sensitive to
the changes in the hydrogen concentration and
as the pH increases the activity of enzyme also
increases and at pH 9.0 (optimum pH), the
maximum activity of lipase 1.75 unit/mL was
recorded ( Figure 3). The effect of temperature
on enzyme activity was measured at different
temperatures. As the temperature increases the
activity also increases and it declined after
attaining optimum temperature and maximum
activities were recorded at 600C temperature
(Figure 4). B.Pseudofirmuse BS1 (1) showed
optimum activity at the enzyme concentration of
1.54 unit/mL; B.Pseudofirmuse CS4 (1) at 1.66
unit/mL and B.Pseudofirmuse DW1 (1) at 1.54
unit/mL (Figure 5).

N = Normality of NaOH
Characterization of Lipase: The effect of pH
on alkaline lipase was determined by assaying
the enzyme activity at different pH ranging from
6.0 to 12, effect of temperature by incubating from
30°C to 80°C using the Tris (0.1M) buffer. The
effect of substrate concentration on alkaline lipase
activity was determined by incubating the reaction
mixture for 30 minutes with different substrate
concentration, ranging from 0.5 mg / mL to 7 mg/
mL. The effect of enzyme concentration on
alkaline lipase activity was determined by
incubating the reaction mixture (pH 10) for 30
minutes at different enzyme concentration
ranging from 0.5 mL to 8 mL. The activity of the

As the substrate concentration increases the
enzyme activity also increases up to the
maximum level after which it decreases.

lipase was then measured as per assay
procedure.
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Table 1: Morphological, Cultural and Biochemical Characteristics
of Different Bacillus pseudofirmus Isolated From Lonar Lake
B. pseudofirmus

Isolated Bacteria

BS1(1)

CS4(1)

B. pseudofirmus

Isolated Bacteria
DW1(1)

BS1(1)

Morphological Character

CS4(1)

DW1(1)

Biochemical Characters

Gram character

+

+

+

Catalase

+

+

+

Shape

LR

LR

LR

Oxidase

+

+

+

Arrangement of Cell

S

S

S

Indol

–

–

–

Spore bearing

+

+

+

MR

–

–

–

Position of Spore

C1

C1

C1

VP

+

+

+

Shape of Spore

C2

C2

C2

Citrate Utilization

–

–

–

Swollen Sporangia

+

+

+

Urea Hydrolysis

–

–

–

Capsule

+

+

+

Nitrate reduction

–

–

–

Motility

+

+

+

Utilization

–

–

–

Glucose

–

–

37o C

+

+

+

Arabinose

–

–

–

45o C

+

+

+

Mannitol

–

–

–

50oC

+

+

+

Xylose

–

–

–

55o C

+

+

+

Lactose

–

–

–

Trehose

–

–

pH7

+

+

+

Sucrose

–

–

–

pH8

+

+

+

Cellobiose

–

–

–

pH9

+

+

+

Galacrose

–

–

–

pH10

+

+

+

Maltose

–

–

–

pH12

+

+

+

Fructose

–

–

–

Salicin

–

–

1% NaCl

+

+

+

Sorbitol

–

–

–

2% NaCl

+

+

+

Raffinose

–

–

–

3% NaCl

+

+

+

Hydrolysis

–

–

–

4% NaCl

+

+

+

Starch

+

+

+

5% NaCl

+

+

+

Lipid

+

+

+

6% NaCl

+

+

+

Casein

+

+

+

Growth at temperature

Growth at pH

Growth at NaCl

–

–

–

Note: LR – Long Rod, S– Single, C– Chain, C1 – Central, T– Terminal, C2 – Cylindrical, E– Ellipsoidal
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Figure 1: Lipolytic Activity of Bacterial
Cultures Isolated from Lonar Lake

Figure 3: Effect of pH on Lipase Activity

Figure 4: Effect of Temperature on Lipase
Figure 2: Phylogenetic Tree Based
on a Comparison of the 16S Ribosomal
DNA Sequences of the Lipase Producing
isolates of Lonar Lake, the Tree was
Created by the Neighbor-Joining Method
by Using MEGA 4 Package

Figure 5: Effect of Substrate Concentration
on Lipase Activity

Optimum substrate concentration of Bacillus
Pseudofirmus BS1 (1) on enzyme activity of
lipase was found to be 2.41 unit/mL at 5.5 mL of
substrate concentration. Optimum substrate
concentration of B.Pseudofirmuse CS4 (1) on
enzyme activity of lipase was found to be 2.58
unit/mL at 6 mL of substrate concentration.
Optimum substrate concentration of
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B.Pseudofirmus DW1 (1) on enzyme activity of
lipase was found to be 2.5 unit/mL at 6 mL of
substrate concentration (Figure 6).

Part II. Alkaline amylase produced by
Bacillus no. A-40-2. Agricultural and
Biological Chemistry, Vol. 35, pp. 17831791.

Figure 6: Effect of Enzyme Concentration
on Lipase Activity
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