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Abstract 

The activities of a lipase produced by fourteen 

lipases producing bacterial strains (Aj-1, Aj-2, Aj-4, 

Aj-5, Aj-6, Aj-9, Aj-11, Aj-14c, Aj-15, Aj-18, Aj-

24a, Aj24b, Aj32, Aj-38) isolated from the soil of the 

oil spilled places of Hubli-Dharwad, Karnataka 

(India) were analyzed and compared. Isolate Aj-4 

showed the outstanding and higher lipolytic activities 

than those of other isolates. 

Partial purification of crude enzyme produced from 

Pseudomonas aeruginosa sp. was carried out by 

ammonium sulphate precipitation and dialysis. The 

lipase purification steps involved are, ammonium 

sulphate saturation, gel filtration chromatography 

using Sephadex G-50 and ion exchange 

chromatography with DEAE cellulose. 

Characterization studies indicated that the enzyme 

showed highest activity at pH 9.0 and 55ºC. It was 

stable at temperatures between 40ºC and 60ºC. More 

than 80% of activity was retained between 8-11 pH 

range and a temperature of 40-55ºC. The molecular 

mass of purified lipase was found to be about 58 kDa 

by SDS-PAGE. The sequence obtained by 16S 

rDNA was analyzed the analysis confirmed that the 

present strain was P. aeruginosa.  The lipase 

sequence (816 bp) obtained was also analyzed. The 

protein was found to be possessing esterase 

superfamily domain, confirming the lipase. 

Key words: Alkaline Lipase characterization, partial 

purification, 16S rRNA 

 

1. Introduction 

Lipases [EC 3.1.1.3] catalyze the hydrolysis of 

triglyceride at the interface between the insoluble 

substrate and water. They are ubiquitous in nature 

and are produced by various animals, plants, fungi, 

bacteria and archia. Among them, extracellular 

bacterial lipases are of considerable commercial 

importance, because of their diverse substrate 

specificity, stereo-specificity, and tolerance against 

heat and various organic solvents [1,2]. Therefore, 

they are widely used in food technology, in the 

detergent and chemical industries, and in biomedical 

sciences [3, 4, 5]. 

Study on lipase can be traced back to 100 years ago, 

while the lipases from microbe have gained enough 

attention in the last decades [6]. In recent years, the 

screening of lipase producer has been fixed at two 

aspects: on one hand, some scientists have devoted 

themselves to detecting some lipases with novel and 

specific properties such as alkalophile, halophile, 

psychrophile and thermophile from some adverse 

environments [7,8]; on the other hand, some 

microbiologists have paid enough attention to 

screening some productive strains from some oil 

sludge areas or industrial wastes [9,10]. 

At present, lipases originated from Pseudomonas and 

Burkholderia are the ones most commonly used in 

household detergents and in the trans-esterification 

process in the fine chemical industry and are 

involved in Group I.1 and Group I.2 [1, 2, 11]. The 
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subfamily I.1 consists of lipases with a molecular 

weight of approximately 30 kDa and a single 

disulfide bond in the molecule. 

The challenge for the soil microbial ecologist is to 

identify the populations and guilds of 

microorganisms that have key functional roles in 

specific soil processes. Polymerase chain reaction 

(PCR) amplification of 16S rDNA genes [12,13] and 

enterobacterial repetitive intergenic consensus 

(ERIC)-PCR amplification [14,15,16] using 

consensus bacterial primers and separation of the 

resultant PCR amplifications by agarose gel 

electrophoresis (AGE) constitutes one of the popular 

techniques, which is used to describe soil bacterial 

ecology [17,18,19]. Bands on the gel can be 

sequenced and the resultant information can be used 

to infer something about the diversity of the original 

sample. There is a proliferation of these studies 

applied to soils, as molecular techniques have been 

systematically applied to many diverse 

environments. The diversity of Dhapa landfill at the 

East Kolkata (India) is investigated in 2007 with the 

usage of PCR amplification of 16S rDNA genes [20]. 

 

2. Materials and Methods: 

2.1 Sample collection and processing:  

Soil samples were collected at 4-5 cm depth with the 

help of sterile spatula in a sterile plastic bag from 

different petrol bunks in the vicinity of Hubli-

Dharwad. After collection, samples were brought to 

the laboratory and 1 g of sample was suspended in 

100 mL of sterile distilled water, agitated for 30 min 

on a shaker at 35ºC and kept as stock solution for 

further isolation of the micro organisms. 

 

2.2 Screening of micro organism 

The obtained colonies were then isolated and 

cultured in to different tubes containing Nutrient 

medium. The isolates obtained were screened for the 

lipolytic activity using lipid hydrolysis in nutrient 

broth containing 1% of Tributyrin. One isolate OCR-

4, which showed maximum activity was selected and 

maintained on tributyrin agar slant at 4ºC Figure 1a 

& b. The culture was examined for various 

morphological and biochemical characteristics as per 

Bergey’s Manual [21] of determinative Bacteriology. 

 

2.3 Partial purification of enzyme lipase 

The 200ml broth was centrifuged and the supernatant 

was saturated to 80% (w/v) with Ammonium 

sulphate. The saturation was carried by adding 

Ammonium sulfate slowly into the crude extract with 

constant stirring. The stirring was continued for 2 

hours after Ammonium sulfate was completely 

dissolved to aid the complete precipitation. Whole 

process was carried out in cold and lasted for 8hrs. 

The precipitated protein was separated by 

centrifuging at 10,000g for 10mins. The protein 

pellet was dissolved in minimal volume of 25mM 

Tris buffer (pH 8.0). The precipitated proteins were 

further purified by dialysis. The protein samples 

were dialyzed using the low cut off membrane 

against 500ml of 5mM dialysis buffer containing 

5mM Tris buffer (pH 8.0) for 8 hrs with 2 changes in 

buffer Figure 2.  

 

2.4 DNA Preparation and PCR Amplification 

DNA was isolated and purified according to 

Sambrook et al., 1989 [22]. Each genomic DNA 

used as template was amplified by PCR with the aid 

of 16S rDNA primers (The forward primer were 5’-

CTACGGGAGGCAGCAGTGG-3’ and the reverse 

primer were 5’-

TCGGTAACGTCAAAACAGCAAAGT-3’). The 

programme consisted of denaturation at 94ºC for 2 

min and subsequent 35 cycles of denaturation at 

94ºC for 1 min, annealing at 62ºC for 1 min, and 

extension at 72ºC for 1 min followed by final 

extension at 72ºC for 1 min. The presence of PCR 

products was determined by electrophoresis of 20 μL 

of the reaction product in a 0.8% agarose gel Figure 

3a & b. 

 

2.5 16S rRNA Sequencing and Data Analysis 

Amplicon was cut and submitted for the sequencing 

at Bioserve Biotechnologies, (India) Pvt. Ltd, 

Hyderabad. The sequenced product obtained was 

analyzed, to check the homology with those 

sequences in the NCBI databases using BLAST 

algorithm (http://www.ncbi.nlm.nih.gov/BLAST). 

The sequencing data was obtained utilizing this 

strategy indicated that the isolate under study was P. 

aeruginosa. Further the hit sequences were multiple 

aligned using Clustal X along with the Phylogenetic 

tree development Figure 4. The tree was visualized 

using Treeview software. The sequence was further 

translated to protein to know coding sequences by 

ORF finder 

(www.bioinformatics.org/sms/orf_find.html). 

 

3. Results 

3.1 Colony Morphology, Biochemical 

characterization, Comparative Lipolytic Activity 

of Lipase Producers 

The 14 isolates obtained were grown in selective 

medium and were found to produce lipase which 

were identified as Aj-1, Aj-2, Aj-4, Aj-5, Aj-6, Aj-9, 

Aj-11, Aj-14c, Aj-15, Aj-18, Aj-24a, Aj24b, Aj32, 

Aj-38. When the lipases produced by these isolates 

were evaluated, the isolate Aj-4 showed outstanding 

results compared to the other isolates (Fig 1a and 

1b). 
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3.2 Thermo and pH stability of Crude Lipase 

of Aj-4c  

The enzyme has shown a very good stability up to 

55ºC for one hour. Further it decreased considerably 

at 60ºC followed by a sharp decline in enzyme 

activity after 60ºC (Graph 1). The enzyme has an 

optimum pH of 9.0. Moreover, the enzyme was 

stable from pH 8.0 – 11.0 respectively (Graph 2).  

 

3.3  Purification of Extracellular Lipase:  

The enzyme was purified to homogeneity by 

ammonium sulfate precipitation and dialysis, 

Sephadex column, ion-exchange chromatography. 

The lipase activity assayed during ammonium 

sulphate precipitation was found to be 0.997 and 

dialyzed extract was found to be 1.354 (Table 1). 

 
Table 1. Purification of lipase enzyme, protein 

concentration, enzyme activity, lipase yield and purity 

 

 

The eluted protein and lipase activity was detected in 

all the sephadex purification column fractions except 

in 1,3,14,17,18,19,22,23,24 and 25, numbered 

fractions. The highest protein concentration and 

lipase activity was found in the fraction tube 5,6,7,8 

(Graph 3). The eluted DEAE fractions were screened 

for lipase activity by performing the lipase assay 

method the enzyme was eluted in to all the 30 

fractions. The highest O.D of 0.492 was noticed in 

11
th
 fraction (Graph 4). The molecular mass of 

purified lipase was found to be about 58 kDa by 

SDS-PAGE (Figure 2). 

 

3.4 Effect of Metal salts on enzyme activity:  

Lipase activity was examined by incubating various 

metal salts with enzyme extract in 50Mm Tris buffer 

(pH 8.0 at 40°C) for 1 hour. The PMSF has found to 

stimulate enzyme activity (Table 2). 

 

3.5 PCR amplification:  

The sequence obtained by 16S rDNA (1007 bp) was 

analyzed by nBLAST at NCBI. The analysis 

confirmed that the present strain was P.aeruginosa. 

The lipase sequence (816 bp) obtained was also 

analyzed by nBLAST, the results of which 

confirmed that the sequence was of lipase (Fig 3a, 3b 

& 4). 

 

 

 

Table 2. Effect of Metal salts on lipase enzyme activity 

 

4. Discussion 

In the present study the isolated organism from the 

soil sample was characterized as P. Aeruginosa it 

formed yellowish-white, smooth, mucoid and large 

colonies. Similar results were reported that staining 

of P. aeruginosa produces green pigment and 

characteristic odour on cetrimide agar; P. aeruginosa 

reacted positively to catalase and oxidase tests, while 

it was negative for methyl red, Voges Proskauer and 

indole. Bacteria slowly hydrolyzed urea, utilized 

Simon’s citrate the biochemical properties of the 

organism recorded by [23]. Taxonomical studies on 

lipase-producing strain showed that the strain is 

gram-negative, rod-shaped, aerobic, catalase and 

oxidase-positive. Similar results were reported by 

[24]. From these results, the strain classified into the 

genus of Pseudomonas according to Bergey’s 

manual combined with 16S rDNA sequence analysis. 

P. Aeruginosa. Group III Pseudomonas lipases are 

larger containing about 475 amino acids and a 

molecular weight of 50,000 Dalton.  

In the present study the isolated organism produced 

lipase and has shown lipase activity at different 

temperature and pH. It has been reported and 

reviewed that all bacterial lipase done by [2], states 

that maximum activity of lipases at pH values higher 

than 7 has been observed in many cases [Figure 6]. It 

is reported that Bacterial lipases have a neutral or 

alkaline optimum pH. With the exception of lipase 

from P. fluorescens SIK W1 that has an acidic 

optimum pH 4.8. Also, the lipase retained over 65% 

of its activity at pH 8.0. Lipases from P. pseudomalei 

12 [25] and P. aeruginosa YS-7 [26] both isolated 

from Pseudomonas growing in different water-

restricted environments are stable within the pH 

ranges of 7–10.5 and 6.5–7.5, respectively. Similar 

reports have been reported that the optimum 

temperature of the lipase from P. aeruginosa EF2 

was reported to be 50°C [27]. The P. aeruginosa MB 

5001 lipase has an optimum temperature of 55°C 

[28] but other Pseudomonas lipases, such as those 

from P. fluorescens 2D [29], P. fluorescens HU380  

Purification 

step 

Protein 

Concentration 

(mg/ml) 

Activity 

(μmoles  

ml-1 min-1) 

Specific 

Activity (U/g) 

Yield 

(%) 

Fold 

purity 

(%) 

Crude 0.14 45.6 325.7 100 1 

Amm. Sul. 

precipitation 
0.83 199.4 240.24 592.85 73.76 

Dialysis 0.3 270.8 902.66 214.28 277.14 

Gelfiltration 0.59 39 65.5 368.75 22.99 

Ion-exchange 0.005 401 2864.28 3.5 879.42 

Metal 

Inhibitors 

Residual 

Activity 

MgCl2 0 

NaCo3 0 

SDS 8.493 

NaCl2 33.95 

HgCl2 38.03 

PMSF 43.2 

MgSo4 0 

CuSo4 3.32 

FeCl 3 0 

ZnSo4 0 

MnSo4 0 
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[30], P. fragi (Mencher JR, Alford JR.) and P. 

mendoncina [31] were found to be optimally active 

at 35–45°C. P. aeruginosa lipases seem to be more 

thermostable than others from this genus. 

The Crude lipase obtained was first subjected to 

ammonium precipitation followed by sephadex and 

ion exchange chromatography and purification was 

achieved. Similar results were reported by [32] with 

8.6 fold purification for from P. aeruginosa Pse A. 

Additional step of purification by ion exchange 

chromatography using DEAE A-50 increased it to 

42.99 fold. Similar results were reported that using 

sephadex G-100 and DEAE–A50 chromatography 

simultaneously, [33] reported 5.3 fold purification of 

lipase from Pseudomonas putida 3SK. The 

molecular weight of lipase on SDS-PAGE was found 

to be approximately 60.0 kD. A single non smearing 

band was observed on native PAGE confirmed by 

activity staining. It has been reported that the 

molecular weights of lipases from P. aeruginosa 

vary considerably. This was similar to the lipases 

isolated from P. aeruginosa S5 [34] and P. 

aeruginosa Pse A [32]. Zymography in SDS- PAGE 

was not visible. This may be due to the inhibitory 

effect of SDS on enzyme under experimental 

conditions. The lipase from P. aeruginosa BN-1 

showed alkaliphilic character as it retained more than 

70% of its activity for 1h at 37°C and 9.5 pH. 

However, it is lower when compared to that reported 

for Pseudomonas sp. PK-12 CS lipase [35].  

Thermostable lipases have been isolated from many 

sources, including P. fluorescens [36]; Bacillus sp. 

[37, 38, 39]; B. coagulans and B. cereus [40]; B. 

stearothermophilus [41]; Geotrichum sp. and 

Aeromonas sobria [42,43]; and P. aeruginosa [44]. 

The latter enzyme was significantly stabilized by 

Ca
2+

 and was inactivated by EDTA. This inactivation 

could be overcome by adding CaCl2, suggesting the 

existence of a calcium-binding site in P. aeruginosa 

lipase. Chartrain et al., (1993) [45] observed that an 

extracellular lipase of P. aeruginosa MB5001 was 

strongly inhibited by 1 mM ZnSO4 (94% inhibition) 

but was stimulated by adding 10 mM CaCl2 (1.24-

fold stimulation) and 200 mM taurocholic acid (1.6-

fold stimulation). Sharon et al., (1998) [44] reported 

a lipase of P. aeruginosa KKA-5 that retained its 

activity in presence of Ca
2+

 and Mg
2+

 but was 

slightly inhibited by Mn
2+

, Cd
2+

, and Cu
2+

and salts of 

heavy metals (Fe
2+

, Zn
2+

, Hg
2+

, Fe
3+

) strongly 

inhibited the lipase, suggesting that they were able to 

alter the enzyme conformation. Ca
2+

 and Ba
2+

 

increased the lipolytic activity while in the presence 

of Na
+
, K

+
 and Mg

2+
 metal ions, the activity was 

similar to that of the control. Fe
3+

, Al
3+

, Co
2+

, Hg
2+

, 

Mn
2+

 and Ni
2+

 on the other hand, markedly decreased 

the enzyme activity. Metal ions like Hg
2+

, Zn
2+

 and 

Cu
2+

 have been reported to have inhibitory effect on 

Pseudomonas lipases [46, 47]. Pseudomonas sp 

lipase has also been reported to be inhibited in the 

presence of Al
3+

, Mn
2+

, Ni
2+

 and Fe
3+

 [48]. 

The sequence obtained by 16S rDNA (1007 bp) was 

analyzed by nBLAST at NCBI. The analysis 

confirmed that the present strain was P.aeruginosa. 

The lipase sequence (816 bp) obtained was also 

analyzed by nBLAST, the results of which 

confirmed that the sequence was of lipase. The 

dendrogram generated by BLAST.  The lipase virtual 

protein sequence contained 272aa. 16S rRNA gene 

sequence offered a useful method for the 

identification of bacteria. It had long been used as a 

taxonomic method in determining the phylogenies of 

bacterial species [49].  The almost complete 16S 

rRNA gene was sequenced and the (1406 bp) 

analysis clearly demonstrated that strain KM110 was 

a member of the genus Pseudomonas and exhibited 

maximum similarity with the 16S rRNA sequence of 

Pseudomonas aeruginosa LMG 1242T(Z76651) 

(98.94% sequence similarity) Figure 3b. 
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Fig 1a. Soil isolated microorganisms with lipase activity 

 

Fig 1b. Screened soil isolated microorganism with lipase 

activity 

 

Fig 2. Silver staining of Purified lipase enzyme by 

Diethylaminoethyl and Sephadex column 

 

  
Fig 3a. Lane 1 showing restricted fragments of DNA 

showing different Molecular markers and Lane 2 

showing isolated plasmid DNA from Pseudomonas 

aeruginosa 

 

 
Fig 3b. Lane 1 showing molecular Marker DNA  
and Lane 2 showing amplified fragment of lipase gene 
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Fig 4. Phylogenetic tree construct showing isolated microorganism characterization of Pseudomonas aeruginosa 

 

 
 

Graph 1. Lipase Enzyme activity at Different temperatures 

 

 

 
 

Graph 2. Lipase Enzyme activity at Different pH 

 
 

Graph 3. Purification of enzyme by Sephadex column, 

Lipase activity and protein concentration 

 

 
 

Graph 4. Purification of enzyme by DEAE column, Lipase 

activity and protein concentration 
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