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ABSTRACT 

 

Studies on lipase production were carried out with a bacterial strain (Bacillus sp LBN 2) isolated from soil 

sample of hotspring of Arunachal Pradesh, India. The cells were cultivated in a mineral medium with 

maximum production at 1% groundnut oil. The optimum temperature and initial medium pH for lipase 

production by the organism were 500C and 9.0 respectively. The molecular mass was found to be 33KDa by 

SDS PAGE. The optimal pH and temperature for activity were 10 and 600C respectively. The enzyme was 

found to be stable in the pH range of 8-11 with 90% retention of activity at pH 11. The enzyme retained 90% 

activity at 600C and 70% of activity at 700C for 1h. The lipase was found to be stable in acetone followed by 

ethanol. The present findings suggested the enzyme to be thermophilic alkaline lipase. 
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INTRODUCTION 

 

Lipases (Triacylglycerol acylhydrolase, EC 3.1.1.3) 

constitute a group of enzymes defined as carboxyesterases 

that hydrolyse long chain acylglycerols at the lipid water 

interface (7,5). The natural function of lipases is to hydrolyze 

triglycerides into diglycerides, monoglycerides, fatty acids 

and glycerol. In addition to triacyl glycerol a number of other 

low and high molecular eight carboxylic-, thiol-, poly-acid 

esters and amides are also accepted as substrates by these 

hydrolase enzymes.  

Most lipases isolated and reported are found to be 

mesophilic in nature, which cannot hydrolyze a substrate that 

exists in solid form at room temperature (4). To overcome 

this problem a search for thermophilic nature of enzyme is on 

as thermophilic lipases show higher thermostability, higher 

activity at elevated temperatures, and often shows more 

resistance to chemical denaturation. This makes them ideal 

tools in industrial and chemical processes where relatively 

high reaction temperatures and organic solvents are used. 

Thermostable enzymes are usually derived from thermophilic 

microbial strains, which may be expected to produce 

intrinsically more heat stable enzymes. The industrial 

demand for the thermostable enzymes continues to stimulate 

the search of novel thermophilic microorganisms from 

various unexploited regions of the earth, as small numbers of 

bacterial strains producing thermophilic lipases have been 

reported in the last decade (13). 
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Optimization of fermentation conditions for microbial 

lipase is of great interest, since culture conditions influence the 

properties of the enzyme produced as well as ratio of extra 

cellular and intracellular lipases (37). Therefore, optimization 

of the lipase production has been focused on improving 

fermentation conditions such as carbon or nitrogen source, 

temperature, pH, aeration, using inducers and source of 

inoculum etc (31, 33, 11, 4, 17). The induction in lipase 

production in microorganisms is a process that results in 

change in the phenotype, which allows the production of 

energy, required for its metabolism and microbial growth. 

Edible oils such as vegetable oils, canola oil, and olive oil are 

used mainly as inducers. 

Because of huge variation in application and emerging 

need of lipases with specific characterstics has prompted to 

search for new lipases from newer areas with different 

characterstics. In the present study, we report the findings of 

thermophilic alkaline lipases produced by thermophilic 

Bacillus sp isolated from hotsprings of Arunachal Pradesh, 

India. These findings will provide a meaningful addition to the 

database on bacterial lipase research in the screening and 

identification of lipolytic bacteria. The Bacillus strain was sent 

to IMTECH Chandigarh for identification and will be 

deposited in MTCC after identification 

 

MATERIALS AND METHODS 

 

Microorganism, media, and growth conditions 

Bacillus sp was isolated from hot spring of Dirang district 

of Arunachal Pradesh, India.  All analytical chemicals and 

media components used were of highest purity grade available 

commercially. A shaking water bath with temperature 

controller was used. All optical measurements were performed 

on UV visible spectrophotometer using matched cells of path 

length 1cm. 

The Bacillus sp isolated were maintained on Nutrient agar 

slants. The mineral medium was composed as (w/v) 

MgSO4.7H2O 0.04%, KH2PO4 0.3%, Na2CO3 0.1% and NaCl 

0.01%. The pH of the medium was adjusted to 10.0.   

 
Experimental procedures 

Lipase production: The mineral medium (50ml in 250ml 

Erlenmeyer flasks) was prepared and the olive oil was added 

after emulsification for 15 minutes as sole carbon source. The 

sodium carbonate was sterilized separately and added to the 

rest of the medium to adjust the pH upto 10.0. The medium 

was inoculated with 104 cellsmL-1 of an overnight culture and 

incubated at 500C on shaking incubator at 200rpm for 48h. The 

cultures so obtained were centrifuged at 10,000g for 15 min. 

The cell free supernatant thus obtained was used as source of 

enzyme. The samples were taken and assayed for lipase 

activity at regular intervals. The measurement of enzyme 

activity was done in triplicates. 

 
Lipolytic activity 

Enzyme activity was assayed spectrophotometrically 

(Beckman model DU 530, UV-visible spectrophotometer, 

Beckman instruments Inc., Fullerton, CA, USA) using p-

nitrophenyllaurate (p-NPL) (Sigma, St Louis, MO, USA) as 

substrate. The reaction mixture consisted of 0.8mL of 0.05 mol 

L−1 phosphate buffer (pH 8.0), 0.1mL of enzyme and 0.01 mol 

L−1 p-NPL. The mixture was incubated at 500C for 15 min, 

after which 0.25mL of 0.1mol L−1 Na2CO3 was added and the 

release of p-nitrophenol was measured at 410 nm. One unit of 

enzyme corresponds to the release of 1mmol of p-nitrophenol 

liberated per minute under standard assay conditions. The 

lipase activity was done in initial rate conditions and the 

activity was measured over time (35). 

 
Determination of protein 

Protein content was measured following the method of 

Lowry et al. (1951) using Bovine Serum Albumin as standard 

(24). 

 

Time course of lipase production 

Time course of the lipase production was studied with the 

medium in shake flasks, for 70 h. 5mgmL-1 inoculum was
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added to 50 ml medium, in 500 ml Erlenmeyer flask and 

incubated at 220 rpm on a rotary shaker, at 50 °C, for 70 h. 

Samples were removed periodically and growth as well as 

lipase activity in the culture supernatant was determined. The 

growth was measured in terms of OD at 620nm. Productivity 

was defined as lipolytic activity units per gram of dry biomass. 

 
Optimization of culture conditions for production of lipase 

The effect of carbon source on the production of lipase, 

different carbon sources including glucose, galactose, maltose, 

fructose, trehalose, mannose and sucrose at 1% (w/v) 

concentration were added to the medium. Various nitrogen 

sources including malt extract, peptone, ammonium sulphate, 

yeast extract, beef extract, meat extract, and casein at 1% (w/v) 

was supplemented to the production medium. These data were 

obtained using 100mL of the basal medium at an initial pH of 

10.0 at 500C for 48 h. The effect of initial pH on lipase 

production was studied using shake flask culture at different 

initial value of pH. The pH was adjusted to the desired value 

using 6N NaoH or 6N HCl. The effect of temperature on lipase 

production was studied by incubating the organism at different 

temperature (30- 800C). The effect of NaCl concentration on 

the enzyme activity was determined at different salt 

concentration of 0, 5, 10 and 15% NaCl (w/v) at pH and 

temperature optimum. 

 
Purification of lipase 

The bacterial isolate was grown for 48 h at 500C under 

submerged fermentation. The enzyme of cell free supernatant 

was precipitated by ammonium sulphate at 60% saturation at 

40C. The precipitate was collected by centrifugation at 10,000g 

for 15 min at 4ºC and dissolved in 1M tris buffer of pH 7.0. 

The ammonium sulphate which was associated with 

precipitate, was removed by dialysis against distill water with 

nitrocellulose dialyzing bag. The dialysed protein was purified 

using Sephadex G-100 column (2 cm dia ×150 cm length) gel 

filtration chromatography. The elution was allowed to proceed 

at 1ml/min of flow rate. The column was run and the fractions 

were collected in 3ml volume. UV monitor at 280nm measures 

the absorbance of the fractions. The quantitative activity of 

lipase was determined as previously described. 

 

Effect of pH on activity and stability 

The pH effect on activity and stability profiles were 

studied in a pH range of 3.0- 12.0 using different buffers at 

50mM concentration. For stability 1 ml of enzyme (5mg/ml) 

was mixed with respective buffer and incubated from 0.5 to 24 

hours at 500C and then estimating the residual activity.   

 

Effect of temperature on activity and stability 

Temperature effect on lipase activity was determined by 

carrying out the enzyme reaction at different temperatures in 

the range of 10-800C at pH 10.0. The thermo stability of the 

lipase was determined by preincubating the enzyme (5mg/ml) 

at different temperatures ranging form 30-800C for 1 h. After 

treatment the residual enzyme activities were determined. 

 

Effect of surfactants and commercial detergents on enzyme 

stability 

Effect of surfactants (Tween 20, Tween 40, Tween 80, 

Triton X-100, sodium cholate and Sodium dodecyl sulphate 

(SDS)) and commercial detergents (Ariel, Surf, Rin, Wheel, 

Tide, and Fena) on enzyme stability was determined under 

standard assay conditions. 50µl of the enzyme sample were 

incubated in 50µl of surfactants and detergents (Solution 0.2, 

1.0 and 10%w/v at pH 8.0) for 1 hour in 500C at pH 10.0 and 

the residual activity was determined at pH 10.0 for 10 Minutes.   

 

Substrate specificity of the enzyme 

The substrate specificity of the enzyme was studied by 

titrimetry. The reaction was done in 20 ml Erlenmeyer flask. 

The substrates used were, castor oil, coconut oil, cottonseed 

oil, groundnut oil, olive oil, sunflower oil, Span 20, triacetin 

and tributyrin. The reaction mixture was composed of 1 g of 

the above substrate, 23.9 ml glycine-NaOH buffer (0.1 M, pH 

9.0) and 0.1 ml enzyme. The mixture was incubated at 
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40 °C on rotary shaker at 200 rpm for 1 h. The reaction was 

terminated by addition of 50 ml of acetone-ethanol mixture 

(1:1). The fatty acids liberated were estimated by titration with 

0.05 M NaOH. One unit of enzyme was defined as the amount 

of enzyme, which liberated one � mol of fatty acid, per minute. 

The end point of the enzyme reaction was 11.0 and the enzyme 

activity was analyzed at initial reactions. 

 
Effect of organic solvents on lipase activity 

To study the effect of organic solvents on lipase activity 

was analysed by incubation of enzyme for 1h at 40°C in 50mM 

Tris-Cl buffer (pH 7.0) containing 30%v/v organic solvents. 

The control was estimated without organic solvents. The 

activity was measured at the beginning and the end of the 

incubation. 

 
RESULTS AND DISCUSSION 

 
Time course of lipase production 

The production of lipase by Bacillus sp was correlated 

with growth curve/ biomass. The biomass increased up to 56 

hours, after that there was a decline in its amount. Extracellular 

lipase production exhibited a similar increase with biomass and 

remains in higher amount in medium upto 72h with the 

production at stationary phase (Fig. 1). The lipase activity 

appeared to couple with growth .The enzyme production was 

found to be maximum when the cell population entered into the 

stationary phase suggesting that enzyme secretion is growth 

associated. The lipase activity was observed to start soon after 

beginning of incubation, and the crude enzyme extract obtained 

after 48 h of growth in the culture medium exhibited highest 

activity at the beginning of the stationary phase. A decrease in 

lipase activity was apparent during the late stationary phase 

presumably due to the presence of proteases in the culture 

medium. These results are in agreement with earlier results (32, 

14) where maximum lipase activities were observed at the 

onset of the stationary phase of bacterial growth. 
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Figure 1. Time course of lipase production. The values are mean ± SD of three replicates.   
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Effect of carbon source on lipase production 

The lipase production was studied with different 

categories of carbon substrates such lipids, complex nutrient 

media and readily assimilated substrates. Among these carbon 

substrates the maximum lipase production was observed in 

groundnut oil, but it has been found that Bacillus sp could able 

to utilize a number of other vegetable oils as well as other 

carbon sources. The maximum lipase production of 18 U/ml 

was observed in groundnut oil (Fig. 2). Among the sugars, 

sucrose and maltose were found to be good substrates for lipase 

production. The major factor for the expression of lipase 

activity has always been the carbon source, since lipases are by 

and large inducible enzymes (23). The enzyme production 

level markedly increased in the presence of lipid carbon 

substrates and represents the key mechanism for making a fatty 

acid carbon source available to the cell during growth on such 

compounds. The enzyme is probably induced by these 

substrates (1, 15) as fatty acid esters are efficient effectors 

leading to a significant increase in the enzyme level relative to 

that obtained with nonlipid substrates such as glucose. 
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Figure 2. Each value represents the mean of ± standard errors values with no common letter in   column are significantly 

different at p< 0.05. 

 

 

Effect of nitrogen source on lipase production 

The Bacillus sp grew well in all the nitrogen sources used 

in this study. Among the different nitrogen sources tested, 

peptone was found to be the best among all the nitrogen 

sources tested with a production of 20U/ml (Fig. 3). The reason 

to this effect is the release of NH4+ ions from peptone which 

stimulates the growth and at the same time increase the enzyme 

yield because of its protease inhibiting nature at low 

concentration. The results obtained are in agreement with that 

reported by Gulati et al. (2005) where peptone was found to be 
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the best nitrogenous source for lipase production. Similar 

findings were also reported in other Bacillus sp (8, 21, 34, 38 

12). The lipase production was found to be low with soybean 

meal and corn steep liquor, whereas in other organic and 

inorganic nitrogen sources the lipase production was in the 

range of 10-17 U/ml. 
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Figure 3. Each value represents the mean of ± standard errors values with no common letter in   column are significantly 

different at p< 0.05. 

 

 

Effect of temperature and pH on lipase production 

The influence of temperature on lipase production was 

studied in the range of 30-800C while keeping all the other 

conditions constant. The optimum temperature for lipase 

production lipase was found to be 500C (Fig. 5). The 

temperature regulates the enzyme synthesis at mRNA 

transcription level and probably translation levels of proteins, 

thus increases the stability of the proteins and also the 

production. However the other possible reason for production 

at elevated temperature may be temperature influences their 

secretion; possibly by changing the physical properties of the 

cell membrane (26). The production trend of Bacillus sp 

LBN2 was found to be at alkaline range pH of 8.0 to 10.0. 

The maximum production obtained when the initial pH of the 

medium was 9.0 (Fig. 4). Medium pH is very important in 

nutrients absorption and growth of bacteria, stimulation of 

enzyme production via signaling pathways and release of 

extra cellular enzymes based on proteolytic mechanism of 

signal peptidases (27). 

The optimum temperature for lipase production 

corresponds with the growth temperature for lipase 

production (11). Our results are considerably higher with 

most of the findings reported earlier (30). 
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Figure 5. The Effect of pH on lipase production. The values are mean ± SD of three replicates.  
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Figure 4. The effect of temperature on lipase production.  The values are mean ± SD of three replicates.  
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Effect of Salt concentration on Lipase production 

The lipolytic enzyme presents a wide range of tolerance to 

NaCl with activation at concentration between 5 and 10% 

suggesting the enzyme might be an salt dependent enzyme and 

salt plays an essential role in either in its activity or stability 

(Fig. 6). The enzyme production at high salt concentration 

suggest that the Bacillus Sp from which the enzyme was 

isolated is a halotolerant bacteria. 
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Figure 6. Effect of Salt Concentration on lipase production 

 
 

Purification of the enzyme 

The purification steps used in this study are lesser than the 

reports reported by various authors (27, 14). The Enzyme was 

purified and characterized. The reason for the application of 

shorter steps is of the fact that in each step of enzyme 

purification an average of more than 10% of the enzyme is lost 

and this led to the low recovery of the enzyme (Table 1). Hence 

to reduce the enzyme costs it is necessary to lower the number of 

the processing steps in order to increase the recovery. Further 

importance as in our study the enzyme could be recovered at 

lesser steps which simplified the tedium downstream processing 

for isolation of pure lipase and thus lower the cost of enzyme  

and hence influence the overall process of economy and thus of 

great industrial importance. 

 

Table 1. Purification results 

Purification step Total 
Protein (mg) 

Total Activity        
(Units) 

Specific activity  
(U/mg Protein) 

Yield Purification Fold 

Culture filtrate 63 2394 38 100 1 

Ammonium sulphate 
Precipitation 

13 1680 128 71 3.4 

Gel filtration on 
Sephadex G-100 

3 1170 398 48 10.3 

 

The molecular weight of the enzyme was estimated to be 

33 kDa by SDS-PAGE (Fig. 7). The pure protein smeared 

badly on native PAGE but showed single band with molecular 

weight of 33 kDa on SDS-PAGE. This indicated that the lipase 

might be forming high molecular weight aggregates with other 

lipophilic materials. Lipases are reported to be monomeric 

proteins having molecular weights in the range of 16 kDa-90 

kDa (9, 25, 30, 17). In the present study it was found to have 

molecular weight in the aforesaid range therefore it might be a 

monomeric protein. Sodium dodecyl sulphate poly acryl amide 

gel electrophoresis analysis revealed the lipase protein to be 

monomer with a single distinct band. The molecular weight of 

the protein was determined to be 33 KDa. 



 38 

Bora, L. et al.                Thermophilic highly alkaline lipase from thermophilic Bacillus 
 

 

     
 

 

Effect of pH on the enzyme activity and stability 

The effect of pH on enzyme activity was studied in the pH 

range of 3.0-10 at 500C for 1 Hour. In the present work the 

optimum pH of the alkaline lipase was found to be 10.0. The 

enzyme was found to be stable in the pH range of 8-11 (Fig. 8). 

The lipase activity showed marked activation at alkaline pH of 

8-10 with the retention of 90% of the residual activity at pH 11. 

Based on the present findings the enzyme was stated to be 

alkaline lipase. The stability of the lipase at higher pH, could be 

explained that the enzyme in the present study may contains 

more acidic amino acid that are exposed to or excreted to the 

external medium and a Na+ cycle that facilitates the solute 

uptake. The pH optima in the present finding are relatively 

higher in comparison to the results reported earlier. In Bacillus 

thermoleovorans ID 1 (22), pH 6.5 in Staphylococcus aureus 

(25), pH 8.0 in Bacillus sp RSJ1 (33), pH 7.0 in Fusarium 

oxyporum (28), with an optimum pH in most of the Bacillus sp  

in the range of 5-8 (11).  
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Figure 8. Effect of pH on activity and stability. 

Figure 7. Gel showing the purified lipase. Lane 1. Lipase 

protein (investigated) Lane 2 Standard protein markers 

phosphorylase b (97.4 KDa), Fructose 6 phosphate kinase  

(84KDa), bovine serum albumin (68KDa), Glyceraldehyde 3 

phosphate dehydogenase (36KDa), Trypsinogen (24 KDa), β 

Lactoalbumin (14.2KDa). 
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Effect of temperature on lipase activity and stability 

Lipase activity was assayed at different temperatures 

ranging from 10-800C at pH 10. The optimum reaction 

temperature was 600C. Thermal stability was investigated by 

incubating the enzyme at various temperatures (30-800C) for 

1h. Thermo stability profile indicated that the enzyme 

showed great stability up to 600C (Fig. 9). The lipase seems 

to keep 90% of activity at 600C and almost 70% 0f the 

activity retained at 700C. The enzyme showed better stability 

than those reported by earlier authors (16,19). The thermal 

stability of the lipase and retention of activity over 600C 

could be explained by the presence of polyamines in the 

protein structure. However increased number of hydrogen 

bonds, salt bridges and higher proportion of thermophilic 

amino acids may also contribute towards the thermal stability 

of the enzyme at higher temperature. The  results obtained 

are in agreement with lipase from Pseudomonas sp KWI-56 

which was found to be stable at 60 °C but at a lower pH of 

7.0 (6). Presently it is important to develop enzymes active 

and stable in broad range of temperatures, essentially due to 

the energy costs involved in the heating of the water, and the 

use of new and fragile materials. Higher temperatures are 

often used to remove difficult strains, such as food stains in 

cotton or synthetic materials. 
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Figure 9. Effect of temperature on activity and stability 

 
 

Effect of Surfactants and detergents on lipase activity 

The effects of various surfactants and commercial detergents 

on the alkaline lipase activity were tested at 10% and 0.1% (w/v) 

(Table 2) shows that the enzyme is stable in both ionic and 

nonionic surfactants. Tween 40 and Tween 80 were found to 

inhibit the lipase activity after 1h of incubation at 500C. On the 

other hand, Triton X-100 and Triton X-114. It is interesting to note 

that Triton x-100 and Triton x-114 stimulated the enzyme activity 

up to 60% in our study. The reason may be that surface active 

agents might have increased the turnover number of lipase by 

increasing the contact frequency between the active site of the 

enzyme and the substrate by lowering the surface tension of the 

aqueous medium and with the maintenance of open form of lipase 

which may enhance the activity. SDS was found to be strong 

inhibitor as in the case of Bacillus thermoleovorans (7) lipases 

causing almost total inhibition of enzyme activity. The cause of 

strong inhibition by SDS could be due to the local conformation 

changes in the active site of the enzyme molecule that results in 

inhibition, partial reversible unfolding, and subsequent 

inactivation. 
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Table 2. Effect of Surfactant and detergent on lipase activity 

Surfactants/Detergents (%w/v) Relative activity (%) 
Control 100.00 100.00 

Surfactants   
Tween 20 10 99.05 
Tween40 10 90.45 
Tween 80 10 100.34 

Triton X-100 10 140.24 
Triton X-114 10 110.75 

SDS 0.2 2.05 
Sodium Cholate 1 92.25 

Commercial detergents   
Surf 1 50.00 
Ariel 1 44.24 
Rin 1 73.00 

Wheel 1 64.00 
Tide 1 80.00 
Fena 1 72.09 

 
 

Substrate specificity of enzyme 

Microbial lipases have been divided into three categories 

namely non specific, regiospecific and fatty acid specific based 

on the substrate specificity. The present lipase caused rapid 

hydrolysis of the vegetable oils containing C-16 and C18 fatty 

acid ester suggesting that the present lipase is a “true” lipase. It 

acted preferentially on oils with lower chain fatty acid. It showed 

marked activation with tributyrin as compared to triolein (20) 

(Table 3). The activity of lipase in palm oil was considred to be 

100% activity. Triacetin was found to be poor substrate and was 

hardly hydrolyzed. On the basis of present results the lipolytic 

activity is found to be dependent upon the unsaturated fatty acids 

as lipolytic activity increased with increase in the degree of 

unsaturation. Lipases from Bacillus thermocatenulatus, 

Staphylococcus hyicus and Staphylococcus epidermidis found to 

have hydrolysed tributyrin (31).  

 

Table 3.  Substrate specificity of the lipase 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

 

Effect of organic solvents on lipase activity 

Acetone was found to be best solvent for the extraction of 

lipase which showed an increase in lipase activity over the 

control. However the activity of the purified lipase was 

decreased by the addition of 40% of organic solvents including 

methanol, and isopropyl alcohol (Table 4). In contrast to the 

present study acetone was found to be the best solvent for the 

lipase. The present lipase is found to be stable in organic 

Substrate Relative activity (%) 
Castor oil (Ricinoleic acid Cn 18 with 85%) 35.7±0.02 

Coconut oil (Lauric Acid, Cn 12 with 47.5%) 38±0.03 
Cottonseed oil (Oleic acid Cn 18 with 50%) 42±0.01 

Groundnut oil (Oleic acid Cn 18 with 56.6%) 64±0.03 
Olive oil (Oleic acid Cn 18 with 50%) 53±0.02 

Sunflower oil (Linolenic Acid Cn 18 with 48-74%) 48±0.04 
Span 20  23±0.03 
Triacetin 0±0.02 
Tributyrin 50±0.03 
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solvents with enhanced activity in the presence of acetone. The 

present findings were in agreement to that reported for Bacillus 

thermocatenulatus (31) and Pseudomonas sp. (17) where 

acetone has found to enhance enzyme activity. The observed 

stability of lipase is suggestive of the notion that the solvent 

maintains the enzyme in open conformation; the lid of the 

enzyme does not cover the active site crevice, and thus 

maintains the flexible conformation. The organic solvents were 

used in the concentration of 30% and not 1%.  

 

Table 4:  Effect of organic solvents on lipase activity 

Solvents Concentration (% v/v) Relative activity 
Control 0 100±0.03 
Acetone 30 120±0.01 

Methanol 30 60±0.03 
Ethanol 30 102±0.04 

Iso propyl alcohol 30 64±0.03 
Butanol 30 44±0.02 
Propanol 30 74±0.03 

 
 

CONCLUSION 

 

It is evident from the above study that the lipase has the 

requisite properties of significant industrial importance. A 

lipase that is stable at high alkaline conditions and high 

temperature is rare. In the present study Bacillus sp. LBN2, 

which produces inducible, extracellular, alkalophilic lipase 

stable in commercial detergents and surfactants, makes it 

ideally suited for detergent formulations. However, further 

investigation is required to ascertain the molecular 

characteristics, kinetic properties and substrate specificity to 

access the true potential of this microbial lipase. 
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