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Lipases are an important hydrolytic enzyme with numerous applications and industrial potential. The
present study aimed to produce lipase enzyme from bacterial strains. Eight bacterial strains were isolated
from petrol spilled soil by serial dilution technique. Olive oil was used as the substrate in tributyrin agar
medium for screening and showed the zone of activity in five of those bacterial strains. Under submerged
fermentation conditions, a high level of lipase production was found at 37 �C with pH 6.0 ± 0.5. The pres-
ence of 3% sucrose and 5% yeast extract in the medium enhanced enzyme production when compared
with other carbon and nitrogen sources. Produced lipases were partially purified by 40–60% (w/v) ammo-
nium sulphate precipitation method followed by dialysis. The molecular weights of the partially purified
lipases were estimated to be 32–47 kDa by SDS-PAGE.
� 2018 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Lipases (triacylglycerol acylhydrolases; EC 3.1.1.3) are class of
hydrolytic enzymes which catalyze the hydrolysis of triacylglyc-
erol to glycerol and free fatty acids (Gupta et al., 2004). Lipases
are widely found in animals, plants and microorganisms (Sahu
and Martin, 2011; Bornscheuer, 2002), especially those originated
from bacteria, are more stable than others. Bacterial lipases are
commercially more important mainly because of the ease of their
cultivation and optimization to obtain higher yield (Hasan et al.,
2006). Industrial demand of new sources of lipases with different
catalytic characteristics stimulated the isolation and selection of
new strains. Lipase producing microorganisms have been found
in different sources such as agro industrial waste (Salihu et al.,
2012), vegetable oil processing factories (Watanabe et al., 2000),
dairy plants (Sorhaug and Stepaniak, 1997) and soil contaminated
with oils (Sirisha et al., 2010). Natural oil such as olive oil, coconut
oil, vegetable oil, petroleum oil enhance the activity of lipase
production.
From the industrial point of view, lipase enzymes are consid-
ered very important, due to their greater production potential on
a large scale. Recently, research reports proved that submerged fer-
mentation is highly effective in large scale production of industri-
ally important enzymes such as lipases, pectinases, cellulases
(Snellman and Colwell, 2004). Submerged fermentation is a
promising tool in biotechnology field for the production of
microbial enzymes and most appropriate production process for
developing countries (Tolan and Foody, 1999). Submerged fermen-
tation has numerous advantages over conventional solid state fer-
mentation, including resembling the natural habitat for several
microorganisms, better oxygen circulation, reduced energy and
cost requirements, less operational problems, less effect in down-
stream processing, higher productivity, compactness of fermenta-
tion vessel, lower capital and recurring expenditure (Castilho
et al., 2000; Singhania et al.,2010).

Lipases have many potential applications in various industries
and are selected for each application based on its substrate speci-
ficity, position and stereospecificity as well as temperature and pH
stability (Bajpai, 1999; Gandhi, 1997). They are mostly used in the
detergent, food, pharmaceutical industries (Pandey et al., 1999;
Ray, 2012).

In this study we report the production of lipase enzyme from
bacterial strains which isolated from petrol spilled soil. We have
demonstrated the optimization condition for higher yield, partial
purification of lipases and its molecular mass determination.
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2. Materials and methods

2.1. Isolation and characterization of bacterial strains

Petrol spilled soil sample was collected from petrol bunk situ-
ated in Coimbatore, Tamilnadu, India. Serial dilution technique
was used to isolate bacterial strains. Isolated bacterial strains were
subjected to Gram’s staining for morphological identification and
biochemical tests such as Indole production test, Citrate utilization
test, Carbohydrate fermentation test, Triple sugar iron test, Oxidase
test, Catalase test, Nitrate reduction test, Hydrogen sulphide test,
Methyl red and Voges–Proskauer test were performed according
to Cappuccino et al. (1996).

2.2. Screening of lipase producing bacterial strains

Isolated bacterial strains were screened for their lipolytic activ-
ity on the basis of Tributyrin Agar plate assay method (TBA). The
tributyrin agar was purchased from Himedia. Tributyrin agar
media along with 1.0% (v/v) olive oil were prepared and sterilized
at 121 �C for 15 min, and then sterilized media were poured into
petriplate. Isolated strains were streaked on the tributyrin agar
plate and it was incubated at 37 �C for 24 h to observe zone.

2.3. Enzyme production media

Screened positive bacterial strains were cultivated in lipase pro-
ducing media for enzyme production. Lipase producing media con-
sist of 3% yeast extract, 3% sucrose, 0.1 g (g/l) CaSO4, 0.5 g/l –
KH2PO4, 0.1 g/l – MgSO4.7H20, 1% olive oil and 100 ml distilled
water in a 250 ml conical flask as submerged fermentation
method. Inoculated flaks were incubated at 37 �C for 24–48 h
(Mobarak-Qamsari et al., 2011).

2.4. Optimization of lipase producing media

Production media was supplemented with different carbon and
nitrogen source such as sucrose, glucose, lactose, peptone, yeast
extract and ammonium sulphate at different concentration (1–
5%) to determine the highest yield of lipase enzyme.

Microbial growth was optimized by inoculating bacteria in an
autoclaved medium that had pH varying from 5 to 10 by dissolving
components of the minimal medium in the buffer of desired pH.
Temperature optimization was carried out by growing bacterial
strains at temperature 32–40 �C in a shaking incubator. Effect of
media components on lipase activity was measured using photo-
electric colorimeter at 610 nm. Similar colorimetric measurement
method was carried out by Schmidt and Blum (1978).

2.5. Production of lipase by pilot scale fermentor

Among the positive strains one high lipase producing strain
were subjected to batch fermentation in 5litre pilot scale fermen-
tor. Fermentations processes were carried out in a Labo controller
MDL-BC fermentor. As above optimized protocol, 2.5 L of lipase
producing medium was prepared. The medium was sterilized at
121 �C for 20 minutes and then sterilized media was poured into
the fermentor containment system under aseptic condition. The
reactor was inoculated with 5 ml of bacterial strain. Standard oper-
ation conditions were: agitation rate 150–400 rpm, temperature
37 �C, air-flow rate is 1 vvm and fermentation time 48 h, with pH
6 ± 0.5. Samples (20 ml) were taken at regular intervals, cells were
removed by centrifugation at 5000 rpm for 30 min, and the culture
supernatants were evaluated for enzyme activity. Biomass concen-
tration was measured by turbidimetry at 610 nm in a colorimeter.
2.6. Partial purification of lipase enzyme

All purification steps were performed at room temperature.
From the above lipase produced media 20 ml of each bacterial
strain medium was taken and the cells were separated by centrifu-
gation at 5000 rpm for 30 min. The supernatant was collected and
enzyme was concentrated using addition of 10–100% ammonium
sulphate. Fractionated enzyme samples were then subjected to
dialysis process for partial purification with the help of dialysis
membrane.

2.7. Estimation of protein content by Lowry’s method

Quantitative estimation of the protein content was done by
Lowry et al. (1951) method.

2.8. Molecular weight determination by SDS-PAGE

The molecular weight of the lipase partially purified from
ammonium sulphate precipitation method and dialysis was
checked by Sodium Dodecyl Sulphate Poly Acrylamide Gel
Electrophoresis (SDS-PAGE). It was performed as described by
Borkar et al. (2009).
3. Results and discussion

Eight strains were isolated on the basis of colony morphology
and the appearance on nutrient agar plates by serial dilution tech-
nique from petrol spilled soil sample. The oily environment may
provide a better environment for isolation on lipase producing
microorganism (Mobarak-Qamsari et al., 2011). The isolated 8 bac-
terial strains were designated as SP1, SP2, SP3, SP4, SP5, SP6, SP7
and SP8. Similar isolation was done by Beller et al. (1996).

By Gram’s staining, it was observed that 5 bacterial strains were
gram positive and 3 bacterial strains were gram negative. Saadoun
(2002) isolated 4 gram positive bacteria and 2 gram negative bac-
teria form petrol contaminated oil soil. Results of biochemical tests
are noted in Table 1. Through biochemical tests isolated bacterial
strains might be the genera of Corynebacterium sp. (SP1), Strepto-
coccus sp. (SP2), Escherichia sp. (SP3), Proteus sp. (SP4), Bacillus sp.
(SP5), Staphylococcus sp. (SP6), Pseudomonas sp. (SP7), Klebsiella
sp. (SP8). This kind of genera identification of bacterial strains
was supported by Cappuccino et al. (1996).

Based on the clear zone production on tributyrin agar plate, 5
bacterial strains were identified as lipase producers (Fig. 1). Among
the 8 bacterial strains, SP1, SP5, SP7 showed high intensity of clear
zone, SP3 and SP8 strains showed moderate intensity of clear zone
and other 3 (SP2,SP4,SP6) strains did not show any zone around the
colonies. Olive oil used as the substrate for screening of lipase pro-
ducing bacterial strains. Among natural oils, olive oil has been
referred as one of the best inductors and substrate for lipase pro-
duction (Bornscheuer, 2002).

Media components were optimized by single factor analysis. 3%
Sucrose showed higher lipase production as a carbon source.
Sucrose stimulate the gene expression which produce high lipase
content (Mazhar et al., 2017) It has been reported that maximum
lipase production was obtained when sucrose used as carbon
source (Veerabagu et al., 2013). 5% Yeast extract produced higher
biomass in lipase producing media as a nitrogen source. Increasing
concentration of nitrogen source produced higher biomass, but
reduces the lipase activity (data not shown).

Bacterial strains showed high yield of lipase production at pH 6
± 0.5. It has been reported that maximum lipase production was
achieved at pH at 6–7 (Larbidaouadi et al., 2015). Optimum tem-
perature plays a vital role for the production of enzyme in shake



Table 1
Bio-chemical characterization of bacterial strains isolated from petrol spilled soil.

Parameters Observation

SP1 SP2 SP3 SP4 SP5 SP6 SP7 SP8

Motility test � + + � � + + +
Indole production test � + + + + � � +
MR test � + + + � � � +
VP test � + + � � � + +
Citrate utilization test + + � + � + + �
Carbohydrate fermentation test + � � + + � � +
TSI test � � � � � + + �
Oxidase test + � + � � � + +
Urease test � + � � + � �
Catalase test + � + � + � + +
Nitrate reduction test � + � � � � � +
Hydrogen sulphide test � + + + + + � +

Note: MR = Methyl Red; VP = Voges-Proskauer; TSI = Triple Sugar Iron. ‘‘+”sign denotes positive and ‘‘�” sign denotes negative.

Fig. 1. Screening of lipase activity in Tributyrin Agar plates. SP1, SP3, SP5, SP7, SP8 showed clear zone and other SP2, SP4, SP6 strains did not show any zone around the
colonies. SP1 – Corynebacterium sp., SP2 – Streptococcus sp., SP3 – Escherichia sp., SP4 – Proteus sp., SP5 – Bacillus sp., SP6 – Staphylococcus sp., SP7 – Pseudomonas sp. and SP8 –
Klebsiella sp. SP denotes sample from petrol.
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flask method. Higher biomass concentration of lipase was observed
at temperature 37 �C. Researchers reported that the slight increase
in temperature up to 38 �C enhance the lipase production (Zhang
and Hebin, 2005; Yuan et al., 2016; Gaur et al., 2008).

Shake flask method were used for the production of lipase
enzyme from 5 lipase producing bacterial strains. After 48 h of
incubation, biomasses from all five bacterial flasks were collected
for further studies. From above 5 strains, SP5 strain showed high
biomass production in lipase producing media. Potential bacterial
strain SP5 Bacillus sp. was cultivated in the laboratory batch fer-
mentor in constant pH at 6 ± 0.5. The extracellular lipase secretion
was started about 12–16 h and then reached maximum lipase
activity at 46–48 h in pilot scale fermentor. The increase of the
lipase production was mainly through the increase in cell mass.
There is overall increase in the production of extracellular lipase
as compared to shake flask method. Under the experiment condi-
tions, the growth (O.D.610) of organisms started (0.4 at 610 nm)
at 2 h and reached maximum (3.4) at 48 h.

The cell-free supernatant was used as a crude enzyme for pre-
cipitation and dialysis process. The protein was precipitated using
ammonium sulphate fractions from 20 to 80% (w/v). 40–60% (w/v)
of ammonium sulphate fractions showed higher lipase precipita-
tion activity than the rest of the fractions. The activity was not
observed in and above 80% (w/v) saturation. Precipitated enzyme
was purified by dialysis method with the help of dialysis
membrane.

The total protein content was determined by Lowry’s method.
Protein content of lipases was shown in Table 2. Maximum protein
content was observed in FS followed by SP1, SP7, SP3, SP8 and SP5.
Separated proteins of supernatants from different bacterial strains
were separated by SDS-PAGE and are depicted in Fig. 2. Form SDS-
PAGE analysis, molecular weight of the lipase has different range



Table 2
Estimation of protein content by Lowry’s method.

Bacterial strains Estimated protein content (mg/ml)

SP1 1.52
SP3 1.37
SP5 1.10
SP7 1.46
SP8 1.20
FS 1.83

Note: SP denotes sample from petrol and FS denotes fermentor sample.

Fig. 2. Molecular weight determinations by sodium dodecyl sulphate polyacry-
lamide gel electrophoresis (SDS-PAGE). M – Middle level marker (32–64 kDa), SP1 –
Corynebacterium sp. (32 kDa), SP3 – Escherichia sp. (44 kDa), SP5 – Bacillus sp. (44
kDa), SP7 – Pseudomonas sp. (37 kDa), SP8 – Klebsiella sp. (43 kDa), and FS – Bacillus
sp. (47 kDa). Samples SP1, SP3, SP5, SP7 and SP8 were produced by shake flask
method and FS sample was produced by pilot scale fermentor. SP denotes sample
from petrol and FS denotes fermentor sample, kDa denotes Kilo Daltons.
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starting from 32 to 47 kDa. It suggested that each bacterial strain
has different molecular weight of lipase enzyme and also different
amount of protein content. This is due to the genetic diversity of
bacterial species. There are also different molecular weight of
lipase has been reported from Pseudomonas aeruginosa ATCC
27,853 (Izrael-Zivkovic et al., 2009), Bacillus sp. MPTK 912
(Mukesh Kumar et al., 2012), Pseudomonas sp. ADT3 (Dey et al.,
2014) possessing of 30 kDa, 66 kDa and 13.9 kDa, respectively.

4. Conclusion

From the present study it can be concluded that petrol spilled
soil has formed an industrially useful source of bacteria, that can
be used for potential industrial importance. The lipase enzyme pro-
duction was optimized with different physiological conditions and
high yield produced using pilot scale fermentor. Sucrose and yeast
extract could be a better source for maximum lipase production.
Partial purification of the enzyme was done using 40–60% ammo-
nium sulphate precipitation method. The results obtained after
molecular weight determination by SDS–PAGE indicate that the
produced lipases have different molecular weight this might be
the production by different bacterial strains.
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