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Abstract: Twenty two bacterial isolates were obtained from oil contaminated soil, collected from some oil 

stations in Jeddah.  All the obtained bacterial isolates were screened on Tween-Yeast extract medium for lipase 

production. Three bacterial isolates HM10, HM15 and HM20 showed the highest growth and lipase production 

agar medium, thus they were grown in liquid olive oil medium at 120 rpm. Maximum lipase production was 

obtained by the isolate HM10. The isolate HM10 was characterized and identified through physiological, 

biochemical tests and culture characteristics in addition to 16S rDNA as Bacillus coagulans. The effects of 

different factors on the enzyme production were studied. It was found that bacterial growth in medium 4 at 

initial pH 7.0, containing olive oil and incubation at 37ºC for 2 days at 120 rpm were the most favorable 

conditions for maximum lipase production by the tested isolate.  The bacterial isolate was grown using the best 

culture conditions and lipase was precipitated using 80% of ammonium sulphate, purified using colum 

chromatography and characterized. The molecular weight was 62 kDa and the maximum enzyme activity was at 

50ºC and pH 7.0.  Presence of K
+
 and Ca

++
 ions enhance enzyme activity. 
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I. Introduction 
Lipases secreted into the culture medium by different bacteria and fungi and recently have attracted 

considerable attention owing to their biotechnological potential (kim et al., 2001; Maugard et al., 2002). 

Bacterial lipases were observed in the strains of Gram negative bacteria Serratia marescens, Pseudomonas 

aeruginosa (Hasan et al., 2006; Moeller et al., 1992) and the Gram positive bacteria Bacillus, Acinetobacter, 

Staphylococcus, Streptococcus, Burkholderia, Achromobacter, Arthrobacter, Alcaligenes and Chromobacterium 

(Ramchuran et al., 2006; Borkar et al., 2009; Sangeetha et al., 2011). Other genera like and Streptomyces 

(Abramic et al., 1999; Riaz et al., 2010; Sangeetha et al., 2011) have been studied as lipase producer but lipases 

of this genus were not intensively studied (Jaeger et al., 1994). Some bacterial lipases have been purified and 

characterized and the responsible genes have been sequenced (Dartois et al., 1992; Cruz et al., 1994, Sommer et 

al., 1997). Two very homologous lipases from Streptomyces exfoliatus and S. albus have been characterized 

(Perez et al., 1993; Cruz et al., 1994) and the three-dimensional structure of the S. exfoliatus enzyme has been 

elucidated (Wei et al., 1998). Further, encoding gene of lipase from Streptomyces cinnamomeus was cloned and 

sequenced and no similarity to the two previous Streptomyces lipase sequences was found (Sommer et al., 1997) 

which suggested high variability in lipases than expected for the genus Streptomyces. Generally as we well 

known, production of high quantity of lipase enzyme need inducers like triacylglycerols, surfactants, vegetable 

oils, oil industrial wastes or their hydrolysis products in the culture medium. Inducers as Tween 80, oils of 

soybean and olive have been evaluated as inducers for lipase production (Li et al., 2004). Due to the many 

applications, the availability of lipases with specific characters is needed, thus search for new lipase with 

different characters is important research topic. The aim of this study was isolation, purification and 

characterization of new lipase enzyme from the Bacillus. 

 

II. Material and methods 
Collection of samples 

Soil samples were collected from oil – contaminated places. About 22 soil samples were obtained from 22 oil 

stations, Jeddah, Saudi Arabia. All soil samples were collected in sterile plastic bags  

Isolation of bacteria from different oil stations 

Contaminated soil samples were used for bacterial isolation on Nutrient agar medium  using serial dilution 

method.  One gram of the soil sample was suspended in 9.0 ml of sterile distilled water and 0.1 ml of this 

suspension was spread on each Petri dishes plate containing Nutrient agar medium and all plates were incubated 
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at 37
°
C for 2 days. The obtained bacteria were purified by streaking and sub culturing on nutrient agar until pure 

cultures were obtained, then transferred to slants of the same medium and preserved at 4
o
C. 

 

Rapid Screening of Lipase Producing Bacteria on Agar Plate  
The bacterial isolates were screened on Tween- Yeast extract agar medium (Kumar et al, 2012) at 37ºC 

for 2 days and colonies with clear zone due to oil hydrolysis were recognized and the surrounding clear zone  

and colony diameters were determined  after 2 days of incubation at 37
º
C.  The active isolates were selected and 

transferred to nutrient agar slants to be stored at 4
°
C until used. Further screening was applied by growing the 

isolates in 250 ml Erlenmeyer flask containing fermentation medium (Olive oil broth) and the enzyme activity 

was calculated. Olive oil broth was composed of (%w/v):  pepton 0.2; NH4H2PO4 0.1; NaCl 0.25; MgSO4 7H2O 

0.04; CaCl2.2H2O 0.04; olive oil 2.0 (v/v); pH 7.0; 1 ml of Tween 80 as emulsifier (Mobarak-Qamsari  et al., 

2011).  

   

Identification of the selected bacterium to genus level  

            The selected isolate was identified to genus level using morphological and physiological tests 

(Nonomura, 1974) according to Bergey's Manual of systematic Bacteriology (Holt et al., 1994). Further, the 

forward primer 5'-AGTTTGATCATGGTCAG-3' and the reverse primer5'-GGTTACCTTGTTACGACT-3' 

were used to amplify the 16S rDNA gene and the DNA sequence was compared to the GenBank database the 

BLAST program.  

 

Preculture preparation and bacterial growth 

              Preculture were used to study the effects of some factors on lipase production. About 2 ml of bacteria 

suspension of the selected HM10 (4x10
6 

CFU/ml) was transferred to Nutrient broth (50 ml) and incubated in 

shaker incubation at 37
o
Cfor 48 hr. Then, each 2 ml of the preculture was used to inoculate 50 ml of the Olive 

oil medium. Bacterial growth was detected by measuring the optical density at 550 nm using spectrophotometer 

(UV–1650PC, SHIMADZD). All experiments were carried out in triplicate and averages were calculated. 

 

Enzyme Assays  

Lipase activity was measured by titrimetric method using olive oil, emulsified with gum Arabic, as a substrate 

(Sirisha et al., 2010). The liberated fatty acids was neutralized after titration using 0.05 M NaOH and 

phenophathelin indicator  

 

Selection of the best lipase producer isolate: 

From the screening test, 3 bacterial isolates showed the maximum production of lipase, thus they were 

selected to be grown in the 250 ml Erlenmeyer flasks containing 50 ml of the sterile olive oil medium.  Each 

flask was inoculated by 2 ml of the preculture (4x10
6
 CFU/ml). The flasks were incubated at 37

°
C for 2 days 

with agitation at 120 rpm. At the end of the incubation period, the growth and lipase were determined. The 

bacterial isolate, which showed maximum lipase production, was selected for more studies. 

 

Factors affecting on Lipase production by the selected isolate 

Four different broth media (Medium 1, 2, 3 and 4) were used to test the ability of the active of isolate 

HM10 to produce lipase.  The tested media were Tween- Yeast extract (Kumar et al, 2012), Tween – peptone 

(Modified Kumar et al, 2012), Olive oil- Yeast extract (Sirisha et al, 2010) and Olive oil – dextrose (Aly et al., 

2012) in addition to Olive oil medium which was used as control. Fifty ml of these different media were 

dispensed in 250 ml flasks. After sterilization, the flasks were inoculated with 2 ml of precultures (4 x 10
6
 

CFU/ml) and incubated using shaking incubator (120 rpm and 37
o
C for 2 days). The cells were collected and the 

filtrate was used to measure lipase production as mention before. Similarly, the effect of different initial pH 

values, incubation temperature, and incubation period on lipase production was determined as described in Aly 

et al., (2012). Moreover, effect of different carbon and nitrogen sources was also evaluated.  

  

Lipase production and purification 

About 3000 ml of production medium at pH 7 were distributed in 250 ml flasks, each flask containing 

50 ml. Each flask was inoculated with 2 ml of 4x10
6
 CFU/ml of the preculture and the flasks were incubated at 

37
o
C and 120 rpm for 2 days. At the end of incubation period, the enzyme was extracted from the filtrate, 

precipitated by using 80% of ammonium sulphate at 4
o
C,  purified using  Sephadex G100 column 

chromatography and sodium dodecyl sulphate  polyacrylamid gel electrophoresis (SDS-PAGE) according to 

Lammli (1970) was used to determined its molecular weight. 
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Factors affecting enzyme activity  

The effect of incubation temperature, 0, 30, 40, 45, 50, 55 and 60
o
C and different pH, 3, 4, 5, 7, 8 and 9 

was determined in the reaction mixture containing 300 μl of enzyme 300 μl of a substrate. The after 15 min., the 

reaction was stopped and fatty acids were extracted by addition of 1.0 ml of acetone: ethanol solution (1:1, v/v).  

The amount of fatty acids was titrating using phenophathelin indicator. Similarly, effect of enzyme 

concentrations and different metal ions (10mM) like KCl, NaH2PO4.2H2O, FeSO4.7H2O, CaCl2.2H2O and 

MgSO4.7 H2O were investigated 

 

Statistical analysis  

Statistical analyses were performed using the statistical Package for Social Science (SPSS for windows, version 

16) (SPSS Inc., Chicago, IL, USA). All values were expressed as mean ± standard deviation (Mean ± SD) and 

using t-test, difference between samples considered significant at P>0.05.  

 

III. Results 
Soil samples were dried and serially diluted in sterile dist water and used for bacterial isolation. About 

22 bacterial isolates were obtained on Nutrient Agar (NA) medium.    All the bacterial isolates were screened on 

Tween- Yeast extract agar medium containing Tween as a carbon source (10 g/L) and the diameter of clear 

zones (mm) were determined for each plate.  The diameter of the clear zone was ranged from 9-28 mm and the 

maximum diameter of the clear zones were 28, 25 and 20 mm for the isolate HM10, HM15 and HM20, 

respectively (Table, 1). The three active isolates (HM10, HM15, HM20) were grown in liquid Olive oil  

medium, growth and enzyme activity were determined after 48 hr in culture filtrate.  Enzyme production was 

measured as U/ml, one unit is the amount of enzyme releasing one μmol of lipid per minute under the ideal 

conditions.  Table 1 and Figure 1 showed that, among the three examined bacterial isolates, the extracellular 

enzyme of the isolate HM10 which was isolated from oil contaminated soil produced quantitatively high lipase 

as measured using olive oil as substrate (4.5 U/ml). The minimum extracellular enzyme production was 

achieved by the isolate HM15 (2.8 U/ml). Similarly, the production of extracellular lipase achieved by the 

isolate HM15 was moderate (3.6 U/ml). According to the previous results, the isolate HM10 was selected for 

more detail studies in lipase production.   

 

Identification of the selected bacterial Isolate HM10 

Physiological and biochemical characteristics were determined for the selected bacterial isolate HM10 

by the procedures outlined in Manual of Methods for General Bacteriology. Cell morphology, Gram stain, spore 

formation, some enzyme production, degradation of some material and resistance to antibiotics were 

determined. The 16S rRNA sequences and phylogenetic tree analysis were determined as described by Rainey et 

al. (1993).   

Colonies of the selected bacterial isolate HM10 appeared on NA within 48 hrs at 37
o
C and reached a 

diameter of 10 to 20 mm after one week. The colonies had cream colored, changed to dark yellowish white by 

aging. They were smooth, glistening, opaque, low convex, with an entire edge. Colonies were creamy, smooth, 

and opaque, with slightly irregular edges on Olive oil containing medium and reached a diameter of 15 to 19 

mm in 5 days. Young cells were Gram positive motile bacilli measuring 1.5-3 µm.  Negative results were 

obtained for methyl red test, gelatin liquefaction, hydrolysis of Tween 80, egg yolk lecithinase, hemolysis and 

esculin while positive for Voges-Proskauer test, indole and urease production, hemolysis and utilization of 

casein, cellulose, and starch hydrolysis. The isolate was aerobic, tolerant to NaCl up to 5 % and the growth was  

30 -37
o
C and  pH 5 -8.  Using Muller-Hinton agar, the isolate was sensitive to chloramphenicol and tetracycline 

and was resistant to novobiocin and erythromycin. 

DNA was extracted and the entire 16S rRNA sequence was determined   and was compared to the 

GenBank database in the National Center for Biotechnology Information   (http://www.ncbi.nlm.nih.gov) using 

the BLASTN 2.2.6 and the Geneious v 5.5 programs (http://www.geneious.com). The isolate was found 

belonging to the Bacillus group with homology level (95 %) as depicted in the phylogenetic tree analysis 

(Figure 2). It was identified as Bacillus coagulans HM10.  

 

Effect of some factors on lipase production by the selected isolate HM10 

The selected isolate HM10 was grown for 2 days in several broth media such as Olive oil medium 

(control), medium 1, medium 2, medium 3 and medium 4. The obtained results presented in Figure 3 indicated 

that the best medium for lipase production was medium 4. Thus medium 4 was selected for the coming 

experiments. The maximum lipase production was at pH 7.0 and 37
o
C after 2 days of incubation (Figures 4, 5, 

6). Carbon source in medium 4 was replaced with different carbon sources like palm oil, ghee, coconut oil, 
sunflower oil and mustard oil at concentration of 1% (w/v). The selected isolate HM10 can utilize all the 

previous carbon sources and the best carbon source for enzyme production was Mustard oil, while Coconut oil  

http://www.geneious.com/
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gave the lowest enzyme production (Figure 7).  The best nitrogen source for enzyme production was Yeast 

extract whereas Casien was the lowest one (Figure 8). 

 

Lipase purification and characterization   

The lipase enzyme was precipitated by 80% of ammonium sulphate, dialyzed and purified by sephadex 

G100 column chromatography. The protein was determined by measuring the absorption at A280 and the active 

fractions with high absorbance at 280 nm and lipase activities were collected, lyophilized and used for enzyme 

characterization and molecular weight determination. The molecular weight was determined to be 62 KDa using 

gel electrophoresis (Figure 9).  The optimum temperature for the purified lipase enzyme was 50
o
C and pH 7 

(Figures 10, 11). The effects of metal ions on enzyme activity (e.g., KCl, NaH2PO4.2H2O, CaCl2.2H2O, 

MgSO4.7H2O and FeSO4.7H2O (10mM) were investigated by adding them (10mM) to the reaction mixture.  

Table 2 indicated that metal ions exhibited three different effects on the enzyme activity, KCl and CaCl2.2H2O 

significantly enhanced the enzyme activity; MgSO4.7H2O had no obvious effects, while FeSO4.7H2O and 

NaH2PO4.2H2O significantly inhibited the enzyme activity. 

 

IV. Discussion 
Lipases are a class of enzymes, which catalyze the hydrolysis of long chain triglycerides and with the 

rapid development of enzyme technology, bacterial lipases received much attention. Recently, the interest in 

lipase production was increased because of its wide range of industrial applications (Shaini and Jayasree, 2016), 

in food processing, detergents synthesis, wastewater treatment, diagnostic methods and cosmetics and 

pharmaceutical, leather preparations (Sarkar et al., 1998; Cardenas et al., 2001; Elibol and Ozer, 2001; Kamini 

et al., (2000). The present study explains the production and optimization of a novel lipase produced by Bacillus 

isolated from oil-contaminated soil collected from Saudi Arabia.  

About 22 bacterial isolates (100%) of the isolated bacteria produce lipase in their solid growth medium 

containing Tween as carbon source. Chaturvedi et al., (2010 a,b) reported that used selective medium containing 

lipids for lipase detection in Bacillus subtilis. Similarly, lipolytic activity of 34 bacterial isolates was detected 

using olive oil as sole carbon source ( Aly et al., 2012). On contrast, Wu and Tsai (2004) studied the hydrolysis 

rate of tributyrin with crude lipase from Pseudomonas fluorescenes where they reported the use of Tributyrin in 

lipase assay.    In liquid medium, the quantities of lipase production by the 22 bacterial isolates were ranged 

from 0.95-1.5 U/ml. Gowland et al, (1987) reported that Bacillus sp. produced the maximum level of lipase 

(about 4 U/ml) in a medium containing Tween-80 (polyoxyethylene sorbitan  monooleate).  Lipids material in 

the culture medium is essential for high lipase yield (Rathi et al., 2002, Zarevocka, 2015). Thus, lipase is 

inducible enzyme and need a lipid substance to be induced. The most lipase producer isolate   HM10, which was 

obtained oil contaminated soil, was belonging to genus Bacillus and it was identified as Bacillus coagulans 

HM10 and the results was confirmed using 16S rDNA (Tamaoko et al., 2001; Weisburg et al., 1991). Similarly, 

Abdul Hamid et al. (2003) reported a  lipolytic activity (4.58 U/ml) for an isolate belonging to genus Bacillus. 

In Malaysia, similar lipase producer bacteria, Ralstonia paucula, Bacillus subtilis, Bacillus thermoglucosidasius, 

Bacillus stearothermophilus and Bacillus coagulans were obtained by Abdul Hamid et al. (2003). Pseudomonas 

sp. and Pseudomonas aeruginosa  were highly lipase producers (Haba et al., 2000) and potent lipase production 

from Streptomyces griseus was determined by using olive oil, palm oil and sunflower oil (Vishnupriya et al., 

2010). However, the measured amounts of lipase were generally lower than for the fungi and other bacteria, like 

Geotricum which showed maximum lipase production (146 U/ml) when urea was used as nitrogen source 

(Ginalska et al., 2007).  

Temperature, pH, incubation period, carbon and nitrogen sources in addition to presence of inducer and 

its concentration are factors affecting lipase production (Elibol and Ozer, 2001, Immanuel et al., 2008). In the 

present study, maximum lipase production by the selected bacterium HM10 was obtained in medium 4 which 

contained olive oil and Tween 80 as a source of lipid.   Rowe and Gilmour (1982) and Hasan et al. (2006) used 

Tween 20 or 80 to enhance secretion of lipase. Emanuilova et al., 1993, Handelsman and Shoham, 1994and 

noticed that Tween 80 is the best inducer for lipase production while Espinosa et al. (1990) suggested that 

Tween can be used as an excellent inducers due to chemical similarities to natural oils and as a surfactant, 

stimulating the enzyme release. Lipase production was enhanced in Bacillus stearothermophilus (Gowland et 

al., 1987), Bacillus sp. (Sidhu et al., 1998),  Rhizopus delemar (Espinosa et al., 1990), Candida rugosa  (Song et 

al., 2001) by using Tween 80.   

The factors affecting lipase production were studied in shake-flask culture and the best conditions were 

applied for maximum production of the enzyme. Growth of the tested bacterium in medium 4 at initial pH 7.0 

for 2 days at 37°C led maximum lipase production.   The best medium observed by Handelsman and Shoham 

(1994) for lipase production from Bacillus sp. contained casamino acids and 1% Tween 80. Hendersonula 

toruloidea produced lipase using 0.1% olive oil at pH of 6.0 while lipase production was after 120 hr. In this 

study, maximum lipase  was found in 2 days at 37°C and pH 7.0. Bacterial lipases production needed adequate 
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carbon source and sufficient incubation period which varied from a few hours to several days depending on the 

bacteria and environmental conditions (Vishnupriya et al., 2010). Similarly, the lipase from G. candidum 

(Baillargeon et al., 1989) showed the highest activity when the initial pH of the medium was adjusted to pH 7.0 

while pH was 5.0 for Geotrichum  (Macedo et al, 1997),  6.0 for Geotrichum–like R59 (Ginalska et al., 2007).  

The molecular weight of the purified lipase has 62 kDa and the same molecular weight was obtained by Abdul 

Hamid et al. (2003).  The maximum enzyme activity was at 50ºC and pH 7.0 and presence of K
+
 and Ca

++
 ions 

enhance enzyme activity. Similar results were obtained for Streptomyces lipase (Aly et al., 2012). Other studies 

are needed for obtaining the interesting characters of lipases and their applications.    
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Table 1.  Lipase production by the selected isolates grown in olive oil agar and broth medium 
Lipase production in liquid medium 

     

Lipase production on   solid 

agar medium 

 

Gram 

reaction 

 

Organism used 

U/ml Used vol. of  NaOH Growth 

A550 nm 

(Clear 

zone, mm) 

Growth 

4.50 1. 40 1.50 28 +++ +ve HM10 

2.85 0.915 0.95 25 +++ +ve HM15 

3.60 1. 21 1.20 20 ++ -ve HM20 

++++   :Excellent growth (3-4 cm), +++: Moderate growth (2.9-2 cm),   +ve: Positive reaction, -ve: Negative reaction  

 

Table 2. Effect of different metal ions on enzyme activity produced by the selected isolate HM10 
 Metal ions Concentration Relative enzyme activity  

KCl 10 mM 123* 

FeSO4.7H2O 10 mM 89* 

CaCl2.2H2O 10 mM 140* 

MgSO4.7H2O 10 mM 103 

NaH2PO4.2H2O 10 mM 88* 

Control 0.0 100 

*: significant results at p ≤0.05 
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Figure 1. Growth and Lipase production of the selected isolates grown in Olive oil broth medium 

 

 
Figure 2. The phylogenetic tree of the isolate HM0 and the most related isolates 

 

 
Medium1: Tween- Yeast extract, Medium 2: Tween – peptone, Medium 3: Olive oil- Yeast extract, 

Medium 4: Olive oil – dextrose,  Control:  Olive oil 

Figure 3. Lipase productions by the selected isolate in different media 
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Figure 4. Effect of different pH values on lipase production produced by the selected isolate HM10 

 

 
Figure 5. Effect of different incubation temperature on the lipase production by the selected isolate HM10 

 

 
Figure 6. Effect of different incubation period on lipase production produced by the selected isolate HM10 
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Figure 7.  Effect of different carbon source on the lipase production by the selected isolate HM10 

 

 
Figure 8.  Effect of different nitrogen source on the lipase production by the selected isolate HM10 

 

 
Figure 9.  SDS-PAGE profile of purified lipase. Lane 1: standard protein marker (ST), lane 2: purified  lipase 

(S). 
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Figure 10. Effect of different incubation temperature on the enzyme activity by the selected isolate HM10 

 

 
Figure 11. Effect of different pH values on enzyme activity produced by the selected isolate HM10 

 

 

 

 


