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ABSTRACT 
 
 Acid lipases occupy a very important place in medical applications and in the bioremediation of food wastes. 
The potential isolate, Bacillus sp. was isolated from oil waste and the resultant culture was investigated to determine 
optimal bacterial growth and lipase production which included different carbon and nitrogen sources, in addition to 
different factors such as the fermentation period, the pH and the natural oils used. An optimum biomass and lipase 
activity was achieved at 37°C after 20 h of fermentation at pH 7.0. Olive oil was found to be the most successful 
natural oil for lipase production. Xyloase was the best carbon source while ammonium chloride served as a source 
for nitrogen. The enzyme displayed optimum activity at 40°C, pH 6.0 and Ca2+ ion also stimulated enzyme activity. 
This enzyme was purified using a combination of various processes like salting out, ion exchange and a gel filtration 
column. Sodium dodecyl suphate polyacrylamide gel electrophoresis revealed that the monomeric lipase had 29 kDa 
of its monomeric lipase. The purity was further evaluated using reverse phase-high performance liquid 
chromatography and a single major peak was identified. 
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Introduction 
 
 Lipases and esterases (EC 3.1.1.3) are a diverse group of enzymes that catalyse the hydrolysis of ester bonds in 
triacylglycerides, showing activity on a great variety of substrates (Jaeger et al., 1999). Lipases can be naturally and 
readily found in the earth’s flora and fauna. However, most commercial lipases are produced from microbes (Jaeger 
et al., 1994).  Several lipases from B. thermocatenulatus (Schmidt-Dannert et al., 1996), B. thermoleovorans (Lee et 
al., 1999),  B. stearothermophilus (Kim et al., 1998), B. subtilis (Eggert et al., 2000), B. licheniformis (Nthangeni et 
al., 2001) and B. megaterium (Ruiz et al., 2002) have been well described. Microbial lipases have been widely used 
for biotechnological applications in fat, food ingredients, detergents, dairy and textile industries, production of 
surfactants and in oil processing (Bora and Kalita, 2007, Kanwar et al., 2002, Sharma et al., 2001). Lipase-
producing bacteria have been found in diverse habitats such as soil contaminated with oil, dairies, industrial wastes, 
oilseeds and decaying food (Sztajer et al., 1988), compost heaps, coal tips and hot springs (Wang et al., 1995). This 
report presents a preliminary investigation on lipases produced from Bacillus sp. isolated from oil wastes from the 
local environment for various biotechnological applications. 
 
Materials and methods 
 
Sample Collection and Enrichment Culture Technique: 
  
 Samples of soil contaminated with oil were collected from a vehicle service station nearby, a petrol pump, a 
coconut oil mill and a neem oil mill at Nagercoil, Kanyakumari District, Tamilnadu, India. One ml of the sample 
was suspended in 10 ml of sterile double distilled water. After shaking, 5 ml of the suspension was transferred into a 
250 ml Erlenmeyer flask containing 100 ml of an enrichment medium with the following composition: 0.5% olive 
oil, 0.1% yeast extract, 0.2% NaCl, 0.04% MgSO4

.7H2O, 0.05% MgCl2
.7H2O, 0.05% CaCl2

.2H2O, 0.03% KH2PO4, 
0.03% K2HPO4, 0.05% (NH4)2SO4, pH 7.0. The culture was incubated at 37 °C under shaking (150 rpm) for 2 days.  
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Screening and Identification of Potential Microbial Isolate:  
 
 Lipolytic activity was detected on tween agar plates containing 1% tributyrin and 1% tween 80 (pH 7.0). Clear 
zones around the isolated colonies were detected which demonstrated lipase production (Akatsuka et al., 2003). 
Based on the lipase secretion on the tween agar plates, the best enzyme secreting organism was selected for lipase 
production. The organism was tentatively identified as Bacillus sp. based on morphological and biochemical 
characteristics (Holt et al., 1994). 
 
Lipase Production: 
 
 A loopful culture of Bacillus sp. from a nutrient agar slant was inoculated into a 50 ml lipase production 
medium with the following composition (g/L): peptic digest of animal tissue, 5; beef extract, 1.5; yeast extract, 1.5; 
sodium chloride, 5.0 and olive oil, 1.0%. The initial pH of the medium was adjusted to 7.0 with 1N NaOH/1N HCl. 
The culture was incubated for 72 h at 37°C under shaking condition (150 rpm). The crude enzyme was obtained by 
centrifugation at 10000 rpm, at 4 °C for 10 min at 4°C.  
 
Lipase Assay: 
 
 A lipase assay was performed using a standard method with olive oil emulsion. The olive oil emulsion was 
prepared by emulsifying a mixture containing olive oil and a 2% polyvinyl alcohol solution in the ratio 1:3. The 
reaction mixture consisted of 5 ml of olive oil emulsion, 4 ml of 0.3 M Tris buffer (pH 8.0), 1 ml of 0.110 M 
calcium chloride and 1 ml of the crude enzyme solution. The reaction mixture was incubated at 37 °C for 30 min. 
Controls contained the heat inactivated enzymes and were treated similarly. After 30 min of incubation, 30 ml of 
acetone-ethyl alcohol mixture (1:1) was immediately added to the reaction mixture to break the emulsion. The 
mixture was titrated against 0.02 N sodium hydroxide. Lipase activity (U/ml) was defined as the µmole of fatty acid 
liberated per min per ml of the enzyme solution.  
 
Total Protein Content:  
 
 Total protein content was estimated as per the method of Lowry et al. (1951), using Bovine Serum Albumin as 
standard.   
 
Effect of Fermentation Period on Enzyme Production:  
 
 One ml of an 18 h culture of Bacillus sp. was inoculated into a sterilized 250 ml Erlenmeyer flask containing 
the lipase production medium as mentioned above. It was incubated at 37°C for 76 h under shaking (150 rpm). The 
bacterial biomass was determined by measuring the absorbance at 600 nm (Henriette et al., 1993) every 12 h and a 
growth curve was determined. The culture was withdrawn (10 ml) every 10 h, and the contents were centrifuged at 
10000 rpm at 4 °C for 10 min at 4°C and was used as the crude sample. All the experiments were conducted in 
triplicate and the average values were reported. 
 
Effect of pH on Enzyme Production:  
 
 Bacillus sp. was grown in a lipase production medium as described earlier. The effect of pH on lipase 
production was studied by adjusting the culture media pH to 6.0, 7.0, 8.0, 9.0, 10.0 and 11.0 respectively by the 
addition of 1.0 N HCl/NaOH prior to sterilization. One ml of an 18 h-old culture of Bacillus sp. was inoculated and 
incubated at 37°C for 48 h by shaking (150 rpm). The cell free extract was used as the crude sample. 
 
Effect of Nutritional Factors on Lipase Production:  
 
 To evaluate the effect of carbon sources, the following were added to the lipase production medium at 1% 
(w/v): lactose, sucrose, glucose, xylose and starch. All the carbon sources were sterilized separately through a 0.22 
µm membrane filter (Rankam, NY0213SF) and then added to the mixture. Nitrogen sources were added to the 
medium individually at 1.0% (w/v). The nitrogen sources used were casein, gelatin, yeast extract, urea and 
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ammonium chloride. To investigate the effect of substrate related compounds, 1% (v/v) natural oil (caster seed oil, 
coconut oil, gingely oil, neem oil, olive oil and sunflower oil) was used for optimizing the lipase production.  
Effect of pH on Enzyme Activity and Stability:  
 

The optimum pH was studied using the following buffers at pH’s of 5.0, 6.0, 7.0, 8.0, 9.0 and 10.0 at 0.1 M 
concentration in the reaction mixture: succinate buffer, pH 5.0,  potassium phosphate buffer, pH 6.0 to 7.0, tris 
buffer and pH 8.0, glycine-NaOH buffer, 9.0 to 10.0. The effect of pH on enzyme stability was determined by 
holding the enzyme solution in the above buffers (pH 5.0 to 10.0) for 30 min at room temperature. The remaining 
enzyme activity was assayed at standard assay conditions.  

 
Effect of Temperature on Enzyme Activity and Stability:  

 
The effect of temperature on enzyme activity was examined at temperatures varying from 30 °C to 80 °C. The 

thermal stability was determined by holding the enzyme solution without the addition of any substrate at various 
temperatures (30-80 °C) for 1 h. The remaining activity was measured in standard assay conditions.  

 
Effect of Ions on Enzyme Activity:  

 
 The lipase activity in response to various ion was evaluated using ions such as: Mg2+, Cu2+, Hg2+

, Mn2+
, Na+

 and  

Fe2+
 at 1 mM concentration. These were pre-incubated with the sample for 1 h at room temperature and the 

remaining activity was assayed. 
  

 
Purification of Lipase from Bacillus sp.: 

 
 The crude enzyme preparation (100 ml) was fractionated with ammonium sulphate (60% saturation). The 
protein precipitate was re-dissolved in a minimal volume of double-distilled water and the resulting enzyme was 
dialyzed overnight against the buffer A (tris-HCl buffer, 0.05 M, pH 8.0) at 4°C. The dialyzed sample was subjected 
to Diethyl-aminoethyl cellulose (DEAE cellulose) chromatography (Merck, Bangalore, India) using buffer A and the 
bounded protein was eluted with a linear gradient of NaCl (0-0.5M). The fractions having lipase activity were 
combined and concentrated using ammonium sulphate (60% saturation) and dialyzed against buffer A. The 
concentrated sample was loaded on a pre-equilibrated sephadex G-75 column (Amersham Biosciences, Uppsala, 
Sweden) and eluted with buffer A. The sample was further analysed using a reverse phase-high performance liquid 
chromatography (RP-HPLC) system (Cyber Lab, USA) to evaluate its purity. The elution profile was continuously 
monitored (280 nm) and an appropriate peak was tested for lipase activity. 
 
Polyacrylamide Gel Electrophoresis: 
 
 Sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE) was performed according to 
Laemmli (1970). The stacking gel was 5% (w/v) polyacrylamide and the separating gel was 10% (w/v) 
polyacrylamide. The active fraction obtained from the sephadex G-75 column was subjected to electrophoresis. The 
gel was documented using a gel documentation system (Syngene, UK) and the molecular weight of the purified 
enzyme was determined. 
 
Results and discussions 
 
Screening of lipase producing bacteria: 
 

Seven bacterial isolates were found to be positive lipase-producers, as indicated by the clear zone around 
the colony on the tween agar plate. Among the seven isolates, Bacillus sp. showed the highest lipase activity (7 mm) 
on the tween agar plate (Fig. 1). 

 
Effect of fermentation period on lipase production: 

 
The Bacillus sp. showed more lipase activity after 20 h of incubation. Enzyme production was found to be 0.13, 

1.2, 1.05, 0.64 and 0.4 U/ml at 10, 20, 30, 40 and 50 h of fermentation, respectively (Fig. 2). Similar results were 
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obtained with Bacillus sp.  (Gupta et al., 2004). The study revealed that enzyme secretion was associated with the 
growth of the organism.  

 

 
 
Fig. 1: Secretion of lipase on tween agar medium by Bacillus sp. 

 

 
 
Fig. 2: Effect of fermentation period on lipase production. The result was the mean of three different repeats. 
 
Effect of pH on lipase production: 
 

The effect of pH on enzyme production was studied by culturing the Bacillus sp. at various pH levels (5.0-
11.0). The enzyme productions were 0.14, 0.38, 1.63, 1.21, 0.9, 0.6, and 0.38 U/ml for pHs of 5.0, 6.0, 7.0, 8.0, 9.0, 
10.0 and 11.0 respectively. The enzyme secretion was found to be high at pH 7.0 (Fig. 3). A similar result was 
obtained with the Bacillus sp. strain 42 (Eltaweel et al., 2005). 
 
Effect of carbon and nitrogen sources on lipase production: 

 
 The enzyme production was found to be high in the production medium containing xylose (1.98 U/ml) as a 
carbon source (Table 1). A similar result was reported with Bacillus stearothermophiles AB1 (Abada, 2008). 
Among nitrogen sources, ammonium chloride (1.2 U/ml) was found to be successful. Nitrogen sources such as 
gelatin and yeast extract also stimulated lipase production (Table 1).  Organic nitrogen sources such as yeast extract 
have been shown to play a crucial role in lipase expression (Gupta et al., 2004a, Sharma et al., 2001). 
 
Effect of natural oil on lipase production: 
 
 Lipid carbon sources seems to be essential for obtaining high lipase yield; however lipase production decreased 
dramatically with respect to certain oils. Results of lipase production towards various natural oils such as olive, 
gingely, coconut, sun flower, neem, palm oil, caster bean oil were analysed. Among these, olive oil was found to be 
successful with respect to lipase production by Bacillus sp. (Fig. 4). Olive oil was also previously reported as the 
best substrate for lipase production with Bacillus sp. strain 42 (Eltaweel et al., 2005). The above finding was similar 
to that by Becker et al. (1997) who found that olive oil was the best inducer of lipase production by the Bacillus sp. 
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strain IHI-91. As a matter of fact, all long fatty acyl chain triacylglycerol test substrates were effective inducers of 
lipase production in olive oil. 
 
Table 1: Effect of carbon and nitrogen sources on lipase production. 

 

 
 
Fig. 3: Production of lipase at different pH. The result was the mean of three different repeats. 

 

 
 

Fig. 4: Effect of natural oil on lipase production. The result was the mean of three different repeats. 
 
Effect of temperature on enzyme activity and stability: 
 
 The optimum temperature for lipase activity from Bacillus sp. was found to be 40 °C (1.3 U/ml). However this 
activity declined thereafter as noted in Fig. 5. In Bacillus sp. though the lipase activity was high at 40°C, it declined 
at higher temperatures (el-Shafei and Rezkullah, 1997). The enzyme activity was high (100%) at the denaturing 
temperature of 30 and 40°C. The relative enzyme activities were 83%, 61%, 47%, and 23% at 50, 60, 70, and 80°C, 
respectively. Similar results were observed with Bacillus coagulans (Lianghua and Liming, 2005).  
 

Carbon Source Enzyme Activity (U/ml) 
Xylose 1.98 
Sucrose 1.63 
Glucose 1.68 
Lactose 1.85 
Starch 1.85 
Nitrogen Sources 
Gelatin 0.9 
Ammonium Choloride 1.2 
Casein 0.75 
Urea 0.83 
Yeast Extract 0.84 



1311 

J. Appl. Sci. Res., 7(8): 1306-1314, 2011 
 
Effect of pH on lipase activity and stability: 
 
 In Bacillus sp., lipase activity was found to be high (1.69 U/ml) at pH 6.0. The enzyme activities were 0.35, 
1.54, 1.21, 0.23 and 0.09 U/ml at pHs of 5.0, 7.0, 8.0, 9.0, and 10.0, respectively (Fig. 6). This result was in 
accordance with the results reported by Liu et al. (2006), who found that sixteen bacterial isolates possessed lipase 
activity at pH 6.0. This enzyme was found to be highly stable at a pH 6.0 and the relative enzyme activity was 
100%. Relative enzyme activities were 60%, 69%, 83%, 56%, and 33%, respectively at pHs of 5.0, 7.0, 8.0, 9.0 and 
10.0. These findings suggested that acid lipase has great use in medical applications and in the bio-remediation of 
food wastes.  

 

 
 
Fig. 5: Effect of temperature on lipase activity. The result was the mean of three different repeats. 
 

 
 
Fig. 6: Effect of pH on lipase activity. The result was the mean of three different repeats. 
 
Effect of ions on lipase activity: 
 

The effect of ions on enzyme activity was investigated by allowing ions (1 mM) to react with the lipase 
sample. Except for calcium ions, none of the used ions stimulated lipase activity. Ions such as: Mg2+, Cu2+, Na+ and 
Mg2+ inhibited lipase activity and the relative enzyme activities were 79%, 84%, 96%, 91%, and 80%, respectively. 
This result was in accordance with earlier findings. Sharma et al. (2001) reported that Ca2+ ions activated the 
enzyme while Zn2+, Fe2+ and Fe3+, strongly inhibited its activity in Bacillus sp. 
 
Purification of lipase: 
 
       The crude lipase was first precipitated with a 60% ammonium sulphate saturation. Following centrifugation, 
DEAE cellulose ion exchange chromatography led to the partial purification of the enzyme (5.6 U/mg protein). The 
fractions having lipase activity were pooled, concentrated and loaded on to a sephadex G-75 gel filtration column. 
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The chromatography step yielded 6.42 U/mg protein (Table. 2). Similar techniques were employed for the 
purification of lipase by Kanwar et al. (2002) and Hasan et al. (2007).  In the SDS-PAGE technique the purified 
lipase migrated as a single band with an apparent molecular weight of 29 kDa (Fig. 7) suggesting that it was a 
monomer. A similar result was reported by Borkar et al. (2009).  The purity of the enzyme was further evaluated by 
RP-HPLC (Fig. 8) and one major peak was identified at 280 nm which was associated with lipase activity. 

 
Fig. 7: Sodium dodecyl sulphate polyacrylamide gel electrophoresis (10%) of the purified lipase from Bacillus sp. 

 
Fig. 8: Elution profile of lipase from Bacillus sp. through RP-HPLC system. 
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Table 2: Purification summary of acid lipase from Bacillus sp. 

 Enzyme activity 
(U/ml) 

Total Protein 
(mg/ml) 

Specific Activity (U/mg/ml) Purification 
(fold) 

Crude 1.6 16.5 0.096 1.0 
Ammonium sulphate fraaction 29 69.1 0.419 4.36 
DEAE collulose Column 54 9.6 5.6 58.5 
Sphadex G-75 Colums 31.5 4.9 6.42 66.9 

 
Conclusion: 
 
 It can be concluded from the above study, that Bacillus sp. based on its characteristics could be a useful source 
of enzymes and has the potential for industrial applications. This enzyme was acid stable and has a great potential in 
medical applications and in the bioremediations of food wastes. Further plans include gene cloning, sequencing and 
expression for industrial applications.  
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