
Nadaf and Shivasharana, IJPSR, 2019; Vol. 10(5): 2545-2549.                    E-ISSN: 0975-8232; P-ISSN: 2320-5148 

International Journal of Pharmaceutical Sciences and Research                                                                              2545 

IJPSR (2019), Volume 10, Issue 5                                                                   (Research Article) 

 
Received on 11 February 2019; received in revised form, 16 April 2019; accepted, 19 April 2019; published 01 May 2019 

EXTRACELLULAR LIPASE FROM BACILLUS SUBTILIS KUBT4: ISOLATION, 

IDENTIFICATION AND CHARACTERIZATION 

R. D. Nadaf and C. T. Shivasharana 
*
 

PG Department of Biotechnology and Microbiology, Karnataka University, Dharwad - 580003, Karnataka, 

India.  

 

 

 

 

ABSTRACT: Lipases occupy a prominent place amongst biocatalysts as they 

can hydrolyze fats into fatty acids and glycerol at the water-lipid interface. 

Lipase production is a prime area of interest for microbiologists, process 

engineers, and biochemists. Recent advances in green energy have led to 

renewed interest in the ability of microbial lipases to catalyze trans-esterification 

reaction for biodiesel production. Research carried out in this field has revealed 

that microbes, especially fungi and bacteria, are the tools of choices for 

commercial production. The primary objective of the study was to isolate lipase-

producing microbes from the waste product of oil-contaminated soil sample and 

to assess their ability to grow in different oil medium. Samples were collected 

from oil-contaminated garages in Hubli-Dharwad region, Dharwad, Karnataka. 

Lipid-degrading microbes were trapped in a specialized medium containing 

various types of oils. All isolated strains were morphologically, physiologically 

and biochemically characterized. Strain S4-4 was found to be the most efficient 

strain as it showed the highest lipase activity (25 μmoles/ml/min) after 24 h of 

incubation at 37 °C amongst the strains. This isolate is identified as Bacillus 
subtilis by 16S rRNA sequence analysis. 

INTRODUCTION: Microbial life is present not 

only in familiar world like in the air, soil, and lakes 

but also in geothermal oil field 
1
. Petroleum 

reservoirs are sites concerning their 

physicochemical characteristics (halophilic and 

thermophilic). They are ecological niches from 

which taxonomically, physiologically, and 

phylogenetically unusual microbes can be isolated 
2
. These are main source for a biotechnological and 

industrial process. They host a variety of products 

namely extracellular enzymes, bio-pesticides, bio-

surfactants, biopolymers and other renewable 

resources which are eco-friendly 
3
. 
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Over billions of years, prokaryotic microbes 

developed a wealth of physiologies and molecular 

adaptations that enabled their survival in virtually 

every environmental niche, some so extreme and 

inhospitable that no other life forms could coexist 
4
. 

In the course of evolution, microorganisms faced 

extreme environmental challenges and adapted 

their metabolic pathways to survive in diverse 

environments 
5
.  

The literature indicates that these microorganisms 

are considered as an important source of enzymes 

with unconventional biochemical and molecular 

characteristics and unique metabolic capabilities 

are the major points of attractions in 

biotechnological applications 
6, 7

. Lipases catalyze 

the hydrolysis of the ester bonds in the molecules 

of triglycerides liberating free fatty acids and 

glycerol under physiological conditions. Lipases 

are important in enzyme technology due to their 

ability to catalyze the trans-esterification reaction 
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which can accept a wide range of acyl groups as 

their substrates. Lipases also exhibit a high 

tolerance to various environmental factors such as 

pH, temperature and organic solvents. Lipases have 

the potential to meet several needs for wide range 

applications since they are the only enzymes that 

catalyze the synthesis of esters 
8
. Microbial lipase 

has its use in industrial applications in the 

processing of fats, oils, detergents, degreasing 

formulations, food processing, synthesis of fine 

chemicals, pharmaceuticals, paper manufacture, 

production of cosmetics and pharmaceuticals. 

Mycobacterium sp. is capable of producing lipase 

was isolated from the pulp and paper industry 
9
. 

MATERIALS AND METHODS: 

Reagents Chemicals Used: Solid media was used 

in isolation and screening the reagent grade 

chemicals are nutrient agar (NA), peptone, yeast 

extract, and sodium chloride was procured from Hi-

Media, Mumbai.  

Sample Collection: Oil contaminated soil samples 

were collected from garages and oil refinery 

industries located in and around Hubli-Dharwad, 

Karnataka, India, to isolate lipase producing 

bacteria. 

Isolation and Enrichment of Lipolytic Bacteria: 

Lipolytic bacteria were screened by enrichment 

culture technique from 5 different samples. These 

samples were enriched by inoculating in tributyrin 

broth medium flask (50 ml) containing 0.5% (w/v) 

peptone, 0.3% (w/v) yeast extract, 1% (v/v) 

tributyrin pH 7.0 and incubated at 37 °C for 48 h. 

After incubation, a loopful of growth obtained from 

each enriched culture sample was isolated on 

tributyrin agar medium (pH 7) plates 
10, 11

 by sector 

plate method and incubated at 37 ºC for 48 h.  

Screening Lipase of the Isolates for Activity and 

Maintenance of Pure Culture: Lipolytic 

organisms were screened by qualitative plate assay. 

The lipolytic activity of isolated colonies was 

observed by spot inoculation on tributyrin agar 

medium plates and incubated at 37 ºC for 48 h (pH- 

7), and zone of clearance was observed due to 

hydrolysis of tributyrin by lipase. The organisms 

producing a maximum zone of hydrolysis around 

the colony were selected for further study. Pure 

cultures of the isolate were maintained on minimal 

medium agar slants containing 0.5% (w/v) peptone, 

0.3% (w/v) yeast extract, 0.5% (w/v) NaCl, 2.0% 

(w/v) agar pH 7.0 at -80 ºC and were sub-cultured 

every week. 

Titrimetric Lipase Assay Method: Lipase activity 

was measured by titrimetric method 
13, 14

. The 

reaction cocktail was prepared by 1.7 µl of 50 mM 

tris buffer (pH 8), 100µl of 10% tween, 1M CaCl2 

of 100 µl and 100 µl of crude enzyme. Incubate the 

mixture for 1hour at 40 ºC and measure the 

turbidity using spectrophotometer at 400 nm. 

Characterization of the Isolates: The isolate 

showing maximum zone of clearance at this 

moment referred to as S4-4 is selected for further 

analysis. The strains were identified based on 

morphological and biochemical characteristics 

according to the procedures described in Bergey’s 

Manual of Systematic Bacteriology 
12

, and then 

they were further confirmed by 16S rRNA gene 

sequencing method. Homology was analyzed in 

GenBank with the BLAST program. 

RESULTS AND DISCUSSION: 

Isolation and Screening of Lipase Producing 

Bacteria: A total of 72 distinct morphological 

bacterial strains were isolated from oil-

contaminated soil in Karnataka. The isolated strains 

were screened for extracellular lipase using 

tributyrin agar media.  

Out of these 59 isolates were found to be lipolytic 

bacteria. One of the isolates produced a larger clear 

zone than the others, indicating higher lipase 

activity. The results confirmed that the strain was 

potent to produce lipase and also indicate that 

lipolytic bacteria are widespread in oil-

contaminated environments. Tributyrin, a 

triglyceride is a natural component present in butter 

and is known as liquid fat 
24

. The selected strain 

(S4-4) was then identified based on morphological 

Table 1, biochemical Table 2 and molecular 

characterizations. The results showed that strain is 

gram-positive, aerobic and rod shape. A 

biochemical test was conducted using an API 

identification kit. The strain is catalase positive. 

Taken together, these characteristics indicated that 

strainS4-4 belong to the genus Bacillus. Molecular 

techniques employing amplification of target DNA 

provide alternative methods for diagnosis and 
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identification 
15, 16 

identified Bacillus megaterium 

37-1, Bacillus safensis 1-1, Bacillus pumilus KN-

Lip2, Bacillus subtilis KN-Lip3, and Lysinibacillus 

fusiformis KN-Lip4 using 16S rDNAs sequencing. 

Morphological Characterization: 

TABLE 1: MORPHOLOGICAL CHARACTERISTICS OF ISOLATED BACTERIA 

S. no. Characters Organisms 

  S4 S7 S4-2 S4-4 

1 Shape Rhizoid Circular Irregular Circular 

2 Margin Lobate Entire Undulate Entire 

3 Elevation Raised Pulvinate Flat Pulvinate 

4 Size Moderate Moderate Large Moderate 

5 Texture Rough Smooth Smooth Smooth 

6 Appearance Dull Shiny Shiny Shiny 

7 Pigmentation Non-pigmented 

(White) 

Non-pigmented 

(White) 

Non-pigmented 

(Transparent) 

Non-pigmented (White) 

8 Staining (Gram’s) - + - + 

Biochemical Characterization: 

TABLE 2: BIOCHEMICAL CHARACTERISTICS OF ISOLATED BACTERIA 

S. no. Tests Organisms 

  S4 S7 S4-2 S4-4 

1 Amylase production + + - + 

2 Cellulose production - + + + 

3 Casein hydrolysis - + + + 

4 Hydrogen sulphide production test + - - - 

5 Citrate utilization - + - - 

6 Methyl red + + + + 

7 Voges proskauer test + + + + 

8 Gelatin hydrolysis + + - + 

9 Catalase + + + + 

10 Oxidase - + - + 

 

Titrimetric Lipase Assay Method: Strain S4-

4 was found to be the most efficient strain as it 

showed highest lipase activity (25 μM/ml/min) 

after 24 h of incubation at 37 °C amongst the 

strains 
22, 23

. Various studies determined qualitative 

lipolytic activity in isolated bacteria on tributyrin 

agar plates 
17, 18

. 

Sequencing and Phylogenetic Analysis: The 

identities of the bacteria was further confirmed by 

16S rRNA sequencing. Approximately 1399 bp 

sequences were obtained from S4-4 and then 

aligned with other 16S rRNA sequences available 

in the GenBank database. A phylogenetic tree was 

then constructed using the Neighbor-Joining 

method. The phylogenetic analysis indicated that 

the sequences of strain S4-4 are highly homologous 

(99%) with the sequence of Bacillus subtilis (NCBI 

accession no. SUB3191429 Seq4 MH114029). S4-

4 was renamed as Bacillus subtilis KUBT4. The 

16S rRNA sequences of strain S4-4 was deposited 

in GenBank under accession number SUB3191429 

Seq4 MH114029. Based on these results, S4-4 is 

Bacillus sp. This sequence showed 99% similarity 

with Bacillus subtilis strain NMK17 16S ribosomal 

RNA gene, partial sequence and also with Bacillus 

sp. (in Bacteria) strain Z76 16S ribosomal RNA 

gene, partial sequence 
24-34

. 

 
FIG. 1: EVOLUTIONARY RELATIONSHIPS OF TAXA 
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The Neighbour-Joining method was used to infer 

evolutionary history 
19

. The optimal tree with the 

sum of branch length of 0.00796911 was drawn to 

scale with branch lengths in the same units as those 

of the evolutionary distances used to infer the 

phylogenetic tree. The evolutionary distances were 

calculated using the maximum composite 

likelihood method 
20 

in the units of the number of 

base substitutions per site. Ten nucleotide 

sequences were used for analysis. Codon positions 

were comprised of 1
st
, 2

nd
, 3

rd
 and non-coding. All 

positions with gaps and missing data were 

excluded. There were a total of 1389 positions in 

the final dataset. Evolutionary analyses were 

conducted in MEGA7.
 21

 

CONCLUSION: The present study focused on the 

selective isolation of the potential L-lipase 

producing bacteria. The isolates potent in lipase 

production were evaluated. Based on the enzyme 

activity the potent isolate was selected, and further 

biochemical and molecular identification was 

carried out to identify the microorganism.  

The isolate was found to be Bacillus subtilis (Gene 

Bank Accession Number SUB3191429). This strain 

isolated from the oil-contaminated soil has the 

potential for lipase synthesis and suggests that this 

can be used as a potential source of the enzyme. 

Further studies on the media optimization for the 

large scale production of the enzyme from this 

strain are necessary. 

ACKNOWLEDGEMENT: Authors are thankful 

to University Grant Commission for providing the 

fellowship grant under the scheme of Maulana 

Azad National Fellowship for 2016-17 and authors 

also sincerely acknowledge, PG Department of 

Studies in Biotechnology and Microbiology, 

Karnataka University, Dharwad. 

CONFLICT OF INTEREST: The authors hereby 

declare no conflict of interest. 

REFERENCES: 

1. Geetha SJ, Banat IM and Joshi SJ: Biosurfactants: 

Production and potential applications in microbial 

enhanced oil recovery. Biocatalysis and Agricultural 

Biotechnology 2018; 14: 23-32. 

2. Mechri S, Kriaa M, Berrouina MB, Benmrad MO, Jaouadi 

NZ, Rekik H, Bouacem K, Bouanane-Darenfed A, Chebbi 

A, Sayadi S and Chamkha M: Optimized production and 

characterization of a detergent-stable protease from 

Lysinibacillus fusiformis C250R. International Journal of 

Biological Macromolecules 2017; 101: 383-97. 

3. Jha SS, Joshi SJ and SJ G: Lipopeptide production by 

Bacillus subtilis R1 and its possible applications. Brazilian 

Journal of Microbiology 2016; 47: 955-64. 

4. Gupta R, Beg Q and Lorenz P: Bacterial alkaline 

proteases: molecular approaches & industrial applications. 

Applied Microbiology and Biotechnology 2002; 59: 15-32. 

5. Sana B: Marine microbial enzymes: Current status and 

prospects. Springer handbook of marine biotechnology, 

Springer, Berlin, Heidelberg 2015; 1: 905-17. 

6. Hasan F, Shah AA and Hameed A: Industrial applications 

of microbial lipases. Enzyme and Microbial Technology 

2006; 39: 235-51. 

7. Sharma R and Sharma N: Microbial lipase-mediated by 

beneficial health modification of cholesterol and flavors in 

food products: A review. Recent Patents on Biotechnology 

2018; 12: 81-91. 

8. Sivaramakrishnan R and Incharoensakdi A: Purification 

and characterization of solvent tolerant lipase from 

Bacillus sp. for methyl ester production from algal oil. J of 

Bioscience and Bioengineering 2016; 121: 517-22. 

9. Tripathi R, Singh J, kumar Bharti R and Thakur IS: 

Isolation, purification and characterization of lipase from 

Microbacterium sp. and its application in biodiesel 

production. Energy Procedia 2014; 54: 518-29. 

10. Golani M, Hajela K and Pandey GP: Screening, 

identification, characterization and production of bacterial 

lipase from oil spilled soil. International Journal of Current 

Microbiology and Applied Sciences 2016; 5: 745-63. 

11. Markossian S, Becker P, Märkl H and Antranikian G: 

Isolation and characterization of lipid-degrading Bacillus 

thermoleovorans IHI-91 from an Icelandic hot spring. 

Extremophiles 2000; 4: 365-71. 

12. Garrity GM: Bergey's manual of systematic bacteriology. 

The Archaea and the deeply branching and phototrophic 

bacteria. Springer Science & Business Media, Edition 1st, 

2012. 

13. Deepa N, Usha R, Anbarasu A, Anuanandhi K, Karnan P 

and Elumalai K: destaining potential of bacterial lipase 

enzyme isolated from Providencia rettgeri inhabiting the 

freshwater fish Mystus bleekeri. World Journal of 

Pharmaceutical Research 2018; 7: 2101-13. 

14. Rajanikanth A and Damodharam T: Bioconversion of 

disposed of marine waste into lipase enzyme by 

Streptomyces fungicidicus RPBS-A4. International Journal 

Current Microbiology Applied Science 2016; 5: 616-28. 

15. Veerapagu M, Sankara NA, Jeya KR and Alaqendran S: 

Isolation and identification of a novel lipase producing 

bacteria from oil spilled soil. International Journal of 

Innovative Research in Science Engineering and 

Technology 2014; 3: 18122-28. 

16. Shaini VP and Jayasree S: Isolation and characterization of 

lipase-producing bacteria from windrow compost. 

International Journal Current Microbiology Applied 

Science 2016; 5: 926-33. 

17. Gupta P, Upadhyay LS and Shrivastava R: Lipase 

Catalyzed-transesterification of vegetable oils by lipolytic. 

Research Journal of Microbiology 2011; 6: 281-8. 

18. Emine D and Kıvanç M: lipolytic activity of lactic acid 

bacteria isolated from Turkish pastırma. Anadolu 

Üniversitesi Bilim ve Teknoloji Dergisi-C Yaşam 

Bilimleri Ve Biyoteknoloji 2018; 7: 12-19. 

19. Chen SW, Hsu JT, Chou YA and Wang HT: The 

application of digestive tract lactic acid bacteria with high 

esterase activity for zearalenone detoxification. Journal of 

the Science of Food and Agriculture 2018; 98: 3870-79. 



Nadaf and Shivasharana, IJPSR, 2019; Vol. 10(5): 2545-2549.                    E-ISSN: 0975-8232; P-ISSN: 2320-5148 

International Journal of Pharmaceutical Sciences and Research                                                                              2549 

20. Sachan S, Iqbal MS and Singh A: Extracellular lipase from 

P. aeruginosa JCM5962: Isolation, identification, and 

characterization. International Microbiology 2018; 21: 

197-05. 

21. Tamura K, Nei M and Kumar S: Prospects for inferring 

very large phylogenies by using the neighbor-joining 

method. Proceedings of the National Academy of Sciences 

2014; 101: 11030-35. 

22. Kumar S, Stecher G and Tamura K: MEGA7: Molecular 

evolutionary genetics analysis version 7.0 for bigger 

datasets. Molecular Biology and Evolution 2016; 33: 

1870-74. 

23. Carrazco-Palafox J, Rivera-Chavira BE, Ramírez-Baca N, 

Manzanares-Papayanopoulos LI and Nevárez-Moorillón 

GV: Improved method for qualitative screening of 

lipolytic bacterial strains. Methods X 2018; 5: 68-74. 

24. Daroonpunt R, Tanaka N, Uchino M and Tanasupawat S: 

Characterization and screening of lipolytic bacteria from 

Thai fermented fish. Sains Malaysiana 2018; 47: 91-97. 

25. Altschul SF, Gish W, Miller W, Myers EW and Lipman 

DJ: Basic local alignment search tool. Journal of 

Molecular Biology 1990; 215: 403-10. 

26. Gish W and States DJ: Identification of protein coding 

regions by database similarity search. Nature Genetics 

1993; 3: 266-72. 

27. Madden TL, Tatusov RL and Zhang J: Applications of 

network BLAST server. In Methods in Enzymology 1996; 

266: 131-41. 

28. Zimmermann L, Stephens A, Nam SZ, Rau D, Kübler J, 

Lozajic M, Gabler F, Söding J, Lupas AN and Alva VA: 

Completely re-implemented MPI bioinformatics toolkit 

with a new HHpred server at its core. Journal of Molecular 

Biology 2018; 430: 2237-43. 

29. Hubbard AT, Davies SE, Baxter L, Thompson S, Collery 

MM, Hand DC, Thomas DJ and Fink CG: Comparison of 

the first whole genome sequence of ‘Haemophilus 

quentini’ with two new strains of ‘Haemophilus quentini’ 

and other species of Haemophilus. Genome 2018; 61: 379-

85. 

30. Zhang C and Yang H: Characterization of rhamnolipid 

production in a Pseudomonas aeruginosa strain. In 

Advances in Applied Biotechnology 2015; 332: 61-71. 

31. Morgulis A, Coulouris G, Raytselis Y, Madden TL, 

Agarwala R and Schäffer AA: Database indexing for 

production MegaBLAST searches. Bioinformatics 2008; 

24: 1757-64. 

32. Camacho C, Coulouris G, Avagyan V, Ma N, 

Papadopoulos J, Bealer K and Madden TL: BLAST+: 

architecture and applications. BMC Bioinformatics 2009; 

10: 421-30. 

33. Boratyn GM, Schäffer AA, Agarwala R, Altschul SF, 

Lipman DJ and Madden TL: Domain enhanced lookup 

time accelerated BLAST. Biology Direct 2012; 7: 12-26. 

34. Martin EW and Mittag T: Relationship of sequence and 

phase separation in protein low-complexity regions. 

Biochemistry 2018; 57: 2478-87. 

 

 

 

All © 2013 are reserved by International Journal of Pharmaceutical Sciences and Research. This Journal licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 3.0 Unported License. 

This article can be downloaded to Android OS based mobile. Scan QR Code using Code/Bar Scanner from your mobile. (Scanners are available on Google 
Play store) 

 

How to cite this article: 

Nadaf RD and Shivasharana CT: Extracellular lipase from Bacillus subtilis KUBT4: isolation, identification and characterization. Int J 

Pharm Sci & Res 2019; 10(5): 2545-49. doi: 10.13040/IJPSR.0975-8232.10(5).2545-49. 


