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Abstract 

Massive amounts of waste oil generated by restaurants and native homes in Egypt are dumped into sewage 

systems, causing network damage. Utilization of waste cooking oil (WCO) in biodiesel production, can aid in 

solving the problem.  

In the present study, a new lipase-producing bacterium (Bacillus subtilis) was isolated, identified using 16S 

rRNA sequence analysis and the isolate sequence was deposited in GenBank (accession number: MN238705). 

The lipase coding sequence was amplified from the abovementioned strain cloned, and expressed in Escherichia 

coli.  The molecular weight of the purified enzyme tagged with glutathione-S-transferase (GST) was 

approximately 49 KDa on SDS-PAGE.   Accordingly, the purified native lipase exhibited maximal hydrolytic 

activity at 37°C and pH 7.0, with a positive effect for Mg2+ and Ca2+ metals on its activity.  Finally, purified 

native lipase was immobilized on Amberlite resin (IRC50) and successfully catalyzed the transformation of WCO 

into biodiesel with a yield of 87.39% as determined by gas chromatography/mass spectrometry (GC/MS) 

analysis. The physicochemical properties of generated biodiesel have met European standards. Prospective 

studies include large-scale production of Bacillus subtilis native lipase and testing the efficacy of recombinant 

lipase for the transformation of WCO into biodiesel. 

Keywords :Biodiesel; Recombinant lipase; Immobilized lipase; Transesterification; Waste cooking oils.   
 

1. Introduction 

The demand for microbial industrial enzymes in 

a wide variety of processes has drawn considerable 

attention due to their novel & multifold applications 

.Lipases (triacylglycerol acylhydrolases, EC 3.1.1.3) 

demonstrate an ability to catalyze triglycerides 

hydrolysis to diacylglycerides, monoglycerides and 

fatty acids under aqueous conditions [1]. They also 

have esterolytic activity on distinct substrates [2]. 

These enzymes are ubiquitous in nature and are 

common in plants and animals as well as in micro-

organisms such as bacteria, yeasts and fungi [3], 

however, bacterial lipases are more economical and 

stable [4], and gain importance for biotechnology, as 

they are easy to isolate, simple in genetic 

manipulation, possibility of high yield production, 

absence of seasonal variations and growing on low 

priced media [5].  

Naturally, most of Bacterial lipases are 

glycoproteins, some of their extracellular lipases are 

lipoprotein. Bacterial lipases are diverse in their 

properties, such as, thermo-stability and specificity. 

Over the past two decades, interest in microbial 

lipase has increased steadily due to its benefits in 

biotechnology and industrial sectors, such as drugs, 

cosmetic products, agro chemicals, raw materials, 

detergents, textiles, biodiesel and oils, the synthesis 

of fine chemicals and new polymers and the 
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production of single-cell protein as well as in 

wastewater treatment [6]. Some bacterial species 

such as: Achromobacter sp., Alcaligenes sp., 

Arthrobacter sp., Pseudomonas sp., Staphylococcus 

sp. and Chromobacterium sp. have been exploited for 

the production and manufacturing of lipases [7]. Due 

to the difference of the cell wall structure in Gram-

negative and Gram-positive bacteria, the export of 

lipases and import of long-chain fatty acids may 

differ. For instance, in Gram-negative bacteria, long 

chain fatty acid transporter proteins have been 

identified for carrying the long-chain fatty acids to 

the cells. However, such transporters    have not yet 

been identified for the Gram-positive bacteria but 

presumably exist [8]. 

Biodiesel is a promising renewable energy 

source to petroleum-based diesel fuels and consider 

as one of the most important biofuels due to its high 

biodegradability, no toxicity as well as sustainability. 

In addition, as its low CO, NOx, sulfur and 

particulate matter emission, its combustion emission 

profile is favorable [9]. Enzymes are better catalysts 

for the production of biodiesel as enzymes are more 

stable and their production is more convenient and 

safer [10]. One drawback of the lipase process is the 

high cost of the enzyme. Thus, the use of 

immobilized lipase is important to reduce production 

cost [11].   

Immobilization is an advantageous method that 

improves the stability of the biocatalyst and provides 

for its repeated use and the easy separation of the 

catalyst from the reaction medium [12]. 

The purpose of the present study is to screen 

and identify potential lipase producing bacteria from 

potatoes manufacturing wastes, and optimize the 

production of lipase. Additionally, the partial 

purification of lipase from Bacillus subtilis and its 

using as micro-immobilized in biodiesel’s production 

to serve as eco-friendly inexpensive biocatalyst, were 

investigated. 

 

Materials and methods  

Isolation and identification of lipase producing 

bacteria 

Isolation of lipase producing bacteria was 

conducted from potatoes manufacturing residues 

obtained from ships factory at 6 October area, Giza, 

Egypt. The finely grinded residues (5 g) were 

suspended in 100 mL of peptone water. One mL of 

the suspension was serially diluted in peptone water 

and plated onto a TSA (tryptic Soy Agar) plate the 

colonies formed after incubation at 30°C for 24 h 

were examined and differentiated by Gram staining. 

A total of eighteen bacterial isolates were obtained 

and stored in nutrient agar slants at 4°C for further 

experiments. 

 

Screening of the most potent Lipases Producing 

bacteria   

The bacterial single colonies were screened for 

their ability to produce lipases by using solid media 

containing olive oil with phenol red as described by 

Singh et al., [13]. Visual inspection and measurement 

of the creation of a clearing yellow zone on the agar 

surface were used to determine the relative enzymatic 

activity  

 

Lipolytic Enzyme Assay Using Olive Oil with 

Phenol Red Agar 

The bacterial serially diluted samples were 

additionally plated with phenol red agar and cultured 

overnight at 37°C. The phenol red agar plates contain 

phenol red (0.01% w/v), olive oil (0.1% v/v), 

CaCl2 (0.1% w/v), and agar (2% w/v) [13]. Phenol 

red has a pH end point of 7.3-7.4, after which a little 

reduction in pH causes the hue to change from pink 

to yellow. The color changes in red phenol were 

employed for the purposes of lipase activities, where 

lipase producing bacteria will turn the dye into 

yellow color [14] .   

 

Morphological and biochemical characterization 

of lipase producing bacterial strains  

The detailed procedure and methods of 

physiological and biochemical tests of the candidate 

were according to the Manual of Systematic and 

Determinative Bacteriology [15] and Bergey's 

Manual of Determinative Bacteriology, 9th edition 

[16].  

 

Molecular identification of the most potent isolate: 

Amplification of the 16S-rRNA and lipase gene 

The universal forward and reverse primers 

were used for amplification of the 16S rRNA gene 

fragment (8F: 5'- AGAGTTTGATCCTGGCTGAG-

3' and 1492R: 5'ACGGCTACCTTGTTACGACTT-

3') [17]. 

DNA template (20 ng), dNTPs (250 mM each), 

primers (25 pmol each), MgCl2 (2.5 mM), PCR 

buffer (5 μl of 5X), Taq DNA polymerase [1.5 U 

(Promega)], and the total volume was set to 25 μl 

using distilled water in the PCR reaction. Initial 

denaturation at 94°C for 3 min was followed by 35 

cycles [94°C for 1 min, 55°C for 1 min, 72°C for 1.5 

min], and a final extension cycle at 72°C for 7 min 

using an automatic thermal cycler (GeneAmp1 PCR 

System 9700, Perkin-Elmer). The electrophoresis 

apparatus was used to evaluate the PCR results on a 

1% agarose gel. The Promega Wizard SV Gel and 

PCR Clean Up-system Kit Cat#A9282 was used to 

purify each PCR fragment, which was then cloned 

using the pGEM-T Easy cloning kit (Promega, 

Madison, USA). PCR was used to validate the 

successful insertion of white positive clones. One 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4221877/#B13
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4221877/#B3
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verified positive was subjected to plasmid DNA 

isolation. 

 

DNA sequencing 

The Sequencing of cloned PCR fragment was 

performed using the ABI PRISM Big Dye 

Terminator Cycle Sequencing Ready Reaction Kit 

(PE Applied Biosystems, USA) in conjunction with 

ABI PRISM (310 Genetic Analyzer). Approximately, 

1.5 kb sequence was obtained. The NCBI GenBank 

database's BLASTn algorithm (www.NCBI.com/ 

BLASTn) was used to align sequence data. 

 

Expression and purification under optimized 

expression conditions 

PCR was used to amplify the lipase-coding 

sequence, which was then sub-cloned into the PGex–4t1 

vector (Invitrogen). There are two specific primers, 

forward:  

LG1CGCGGATCCATGAAATTTGTAAAAA

GAAGG-3' and the reverse: LG2 primer 5' 

CGCGTCGACATTAATTCGTATTCTGGCC-3') the 

primer sequences flanked by BamHI and SalI (italic) 

were designed. The CaCl2 protocol was used to 

generate competent E. coli BL21 (DE3) cells, which 

were then transformed with the recombinant PGex-

4t1+lipase vector.    

The Glutathione Sepharose 4B GST-tagged 

protein purification resin kit, GE Healthcare, life 

sciences, for recombinant lipase expression and 

purification. An overnight culture of a clone bearing 

the recombinant vector PGex-4t1+lipase was 

inoculated into fresh LB broth medium containing 

ampicillin (100 mg/ml) and cultured at 37 °C until 

OD600 was reached 0.6.  

IPTG (1mM) was used to induce the culture, 

which was subsequently re-incubated at 28 °C for 

further 3 h. The bacteria were extracted and re-

suspended in lysis buffer after centrifugation at 4000 

xg for 20 min (50 mM NaH2PO4, 300 mM NaCl, pH 

8.0). The cells were frozen-thawed (–80 °C/ 37 °C) 

and then sonicated on ice for a few seconds to lyse 

them. 

Sepharose beads were used to selectively purify 

clear lysates containing the GST-lipase fusion 

polypeptide under natural conditions. The expression 

and purity of lipase were determined using a 12 

percent SDS-PAGE gel, and the concentration was 

determined using a Bradford test. 

 

Lipase Production 

Lipase Production and Isolation  

The isolate with higher zone production on 

phenol red agar plate was inoculated in 15 ml of 

broth media containing the following composition: 

g/L (glucose 20, yeast extract10, peptone10, 

CH3COONa.3H2O10, MgSO40.09, MnSo40.03, 

CuSO4.5H2O1.5, KCL0.5 in addition to 5 ml Olive 

oil, 1000 ml Distilled water and pH 7.0). The 

inoculum flasks were then incubated overnight on a 

rotary shaker at 120 rpm at 37°C  [18]. 

 

Production media: The lipase producing bacteria 

was grown in LB medium and transferred into 

Minimal Salt Media (per litre salt solution) NH4 H2 

PO4 0.1gm%, NaCl 0.25gm%, MgSO4.7H2O 

0.04gm%, CaCl2.2H2O 0.04gm%, Tween 20- 2-3 

drops and 2% (v/v) Olive oil, as a carbon source and 

the pH was maintained at 7.0.  

The culture was incubated at 370C for 96 hours. 

The culture was centrifuged at 10,000 rpm for 20 min 

at 4oC after 96 h of incubation, and the cell free 

culture supernatant was employed as an extracellular 

enzyme source. Lipase activity was assayed by alkali 

titration using olive oil as substrate, as described by 

Jensen, with some modifications   [19]. 

 

Lipase purification 

In a chilled centrifuge, the crude lipase enzyme 

from the production medium was centrifuged at 8000 

rpm for 20 min at 4 °C. Cell free supernatant was 

saturated with (30-990 %) ammonium sulphate with 

continuous stirring at 4°C followed by centrifugation 

at 14,000 rpm for 20 min [20]. Ammonium sulphate 

fraction was dialyzed against 50mM Tris-Chloride 

buffer (pH 7.5) for 6 hours at 4°C in a Dialysis bag 

.After dialysis, the concentrated enzyme was loaded 

onto a sephadex G-100 column. The enzyme was 

eluted from the column at a flow rate of 1ml/min.   

The fractions of the enzyme (5ml each) have been 

collected and the protein content measured using the 

Lowry method. Lipase assay was conducted with the 

highest protein-containing fractions.  

 

Enzyme Assay activity 

The activity of lipase was evaluated by 

titrimetric technique using olive oil as substrate. In a 

50 mM sodium phosphate buffer pH 7.0, 10 % olive 

oil (v/v) was emulsified with 5 percent gum Arabic 

(w/v). 100 µl l of cell free culture supernatant was 

added to the emulsion and incubated for 15 min at 

37oC. After stopping the process, fatty acids were 

extracted using a 1.0 ml of acetone: ethanol solution 

(1:1). The amounts of fatty acids liberated were 

estimated by titrating with 0.05 M NaOH until pH 

10.5 using phenolphthalein as an indicator [19] 

 

Lipase activity (Units/ml) = 

     Volume of alkali consumed × Strength of alkali × 

       1000/Volume of sample × Time in min 

One enzyme unit was defined as the amount of 

lipase that liberated 1 pmol of fatty acid per minute. 

 

Immobilization of Lipase on Amberlite Resin 

For immobilization the method of  Kang 

and Rhee [21] was used: 4 g crude lipase preparation 

http://www.ncbi.com/
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was dispersed in 40 cm3 sodium acetate buffer (50 

mM, pH 3.5) over night with magnetic stirring at 

room temperature. After centrifugation at 8000g for 

15 minutes at 4 °C, the undissolved material was 

discarded. Beforehand, the carrier (5 g of, Cation 

exchange resin Amberlite IRC-50 Sigma- Aldrich) 

were washed with 30 cm3 of sodium acetate buffer 

(50 mM, pH 3.5) and stored at 10 °C overnight. After 

vacuum filtration, a continuous circulation of the 

enzyme preparation (40 cm3) occurred at 100C 

through a column (1x 30 cm, Pharmacia) containing 

the pretreated supports, using a peristaltic pump. The 

flow rate was 3.0 cm3 min-1. To assess the lipase 

activity and protein concentration of the enzyme 

solution, samples were obtained at regular intervals. 

The immobilization process was monitored using the 

decrease in enzyme activity in the solution, which 

was stopped when activity reached a constant value. 

At different periods, the enzyme-resin complex was 

rinsed with buffer and dried in a vacuum desiccator 

over P2 O5, then stored at 4 °C [21]. 

Evaluation of the immobilization technique: 

Protein loading (mg protein/g immobilizate), 

lipase activity (reported as U/g immobilizate and U/g 

immobilized lipase), and immobilization 

effectiveness were used to evaluate immobilization 

technique. The protein loading, P, was estimated as 

follows:  

P = (c0V0 – cfVf) / Wg 

Where the concentration of protein in the lipase 

solution before (c0) and after immobilization (cf) are 

given in mg/mL, while the volumes of the solution, 

V0 and Vf, are in mL.Wg is the weight of the wet 

immobilizates in g. 

The efficiency of the immobilization techniques   

stated by Warmuth et al, [22], was estimated by 

comparing the lipolytic activity of the lipase solution 

before (E0) and after immobilization (Ef), using the 

relation   

ƞ   = (E0V0 – EfVf) / V0E0 x 100 

 The activities are given in U/mL, and the volumes 

are in ml. 

 

Characterization of Free and Immobilized Lipase  

  The optimum temperature for the purified 

lipase activity was determined by enzyme assay at 

different temperatures (20 – 70 °C). The effect of 

temperature on lipase stability was determined by 

incubating the enzyme solution at different 

temperatures (20–90°C) for 30 min. The residual 

activity was determined, after centrifugation, under 

standard assay method, [23]. 

The activity of purified lipase was examined 

within the pH range of 3.0-10.0. The lipase activity 

was measured as described by Jensen, [19]. The 

effect of pH on lipase stability was determined by 

incubating the lipase fraction in various buffer 

solutions ranging from 3.0 to 11.0 for 24 h at room 

temperature. After the incubation period, the residual 

activity was determined, after centrifugation, under 

standard assay method [19]. 

 

Effect of metal ions on lipase activity 

For determining the effect of metal ions on 

lipase activity, the purified enzyme was pre incubated 

with 1 mM of Ca2+, Mg2+, Cu2+, Fe2+ and Zn2+ for 1 h 

at 37°C and the residual activity was determined by 

using olive oil as substrate, according to Zouaoui et 

al,  [24]. 

 

Biodiesel production using the transesterification 

process 

In this experiment waste cooking oil (sunflower 

75% + soybean 25%) mixture was used.    One liter 

sample size of waste cooking oil was heated to 60 0C 

to remove any free water and allowed to settle for 24 

h before reacting with methanol. The 

transesterification process was performed using oil: 

methanol molar ratio (1:4), catalyst  NaOH (1%)/ 

immobilized lipase (3.0 g ) / l   and shaken for 3 

hours at 300 rpm. Samples were left overnight for 

settlement of different layers (fatty acid methyl ester 

and sediment layer).The biodiesel layer was 

separated from the sediment by centrifugation and 

FAMEs were extracted and analyzed through 

GC/MS. Determination of the free fatty acid content 

was done titrametrically. The titrant used was Sodium 

hydroxide with the phenolphthalein as an indicator 

and free fatty acid content was calculated [25]. 

 

The yield of the transesterification processes 

was calculated as a sum of the weight of FAME (fatty 

acid methyl ester) produced to the weight of cooking 

oil used, multiplied by 100[25]. The formula is given 

as: 

 

𝐘𝐢𝐞𝐥𝐝 𝐨𝐟 𝐅𝐀𝐌𝐄 =
𝐖𝐞𝐢𝐠𝐡𝐭 𝐨𝐟 𝐟𝐚𝐭𝐭𝐲 𝐚𝐜𝐢𝐝 𝐦𝐞𝐭𝐡𝐲𝐥𝐞𝐬𝐭𝐞𝐫

𝐖𝐞𝐢𝐠𝐡𝐭 𝐨𝐟 𝐟𝐚𝐭 𝐮𝐬𝐞𝐝
× 100 

 

Gas Chromatography Analysis of Waste Cooking 

Oil (WCO)  

The GC/MS analysis of waste cooking oil 

(WCO) was performed using a Thermo- Scientific, 

Trace GC Ultra / ISQ Single Quadrupole MS, TG-

5MS fused silica capillary column (30m, 0.251mm, 

0.1 mm film thickness). For GC/MS detection, an 

electron ionization system with ionization energy of 

70 eV was used, Helium gas was used as the carrier 

gas at a constant flow rate of 1mL/min. The injector 

and MS transfer line temperature was set at 280 ᵒC. 

The oven temperature was programmed at an initial 

temperature 50 ᵒC (hold 2 min) to150 ᵒC at an 

increasing rate of 7 ᵒC /min. then to 270 at an 

increasing rate 5 ᵒC /min (hold 2min) then to 310 as a 

final temperature at an increasing rate of 3.5 ᵒC /min 

(hold 10 min). The quantification of all the identified 

components was investigated using a percent relative 
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peak area. A tentative identification of the 

compounds was performed based on the comparison 

of their relative retention time and mass spectra with 

those of the NIST, WILLY library data of the GC/MS 

system [26]. 

 

Fatty Acid Methyl Esters (FAMEs) Analysis 

(Biodiesel Products) 

Five hundred milliliters of the reaction mixture 

were mixed with 1.0 mL isooctane for two min. 

Following centrifugal separation, the upper organic 

layer was collected and washed twice with distilled 

water and dried over anhydrous Na2SO4. The solvent 

was dried under N2 steam and dissolved in 0.25 mL 

of CH2Cl2 [27]. The previous GC condition of WCO 

analysis was applied. The prepared FAMEs were then 

analyzed using particular fatty acid methyl ester 

standards (methyl palmitate, methyl stearate, methyl 

oleate, methyl linoleate, and methyl linolenate; 

Sigma-Aldrich). 

 

Physicochemical features of produced biodiesel 

Biodiesel Properties according to fatty acid 

Profile Analysis of Waste cocking oil and derived 

biodiesel    was carried out using the 

BiodieselAnalyzer© software (version 2.2, BRTeam, 

Karaj, Iran), according to the methodology described 

in the works of [28 and 29]. 

 

Statistical analysis 

Statistical analysis was done by ANOVA test 

using Microsoft Excel program. The difference in 

values was indicated in the form of probability (p < 

0.05) values. 

 

Results and Discussion 

Isolation of Lipase Producing Bacteria 

A total of sixteen strains with lipase activity 

were isolated. A wide range of lipolytic activity was 

observed, ranging from a large clear zone (high 

lipolytic activity) to a small zone (low lipolytic 

activity). Different zone size in mm was given in 

Table.1. The microscopic examinations of the 

selective lypolytic bacterial isolates were shown in 

Table. 2. 

Because of the change in pH of the medium as a 

result of the liberation of fatty acids, the isolate NI13 

produced the most yellow zone on the Phenol red 

agar plate, indicating lipase production (Figure 1). 
Previously, Patel and Desai [5] have 

demonstrated the isolation of 41bacterial   isolates 

obtained oil contaminated soil by primary screening 

on a Nutrient agar plate and out of them 20 isolates 

grown in the selective medium like Tributyrin agar 

plate, Phenol red agar plate, and Tween-80 agar plate 

were found to produce lipase. 

 

Table 1 Screening  of lipase-producing bacteria by 

measuring the   yellow zone Produced in the phenol 

red medium 

Zone size (in mm) Bacterial Isolate Code 

14 NI 1 

11 NI 2 

16 NI 3 

12 NI 4 

9 NI 5 

26 NI 6 

19 NI 7 

24 NI 8 

15 NI 9 

21 NI 10 

24 NI 11 

14 NI 12 

30 NI 13 

22 NI 14 

17 NI 15 

19 NI 16 

 

 
Fig. 1 Phenol red agar plates supplemented with 

1%olive oil (substrate) showing lipase production as 

the pH indicator 

 

Characterization and Identification of the most 

lipase producing isolate: 

Molecular identification 

The isolate NI13 was characterized both 

morphologically and biochemically. Light 

microscopic observation revealed that the isolate was 

a rod shaped Gram positive bacteria. Biochemical 

tests are shown in Table 3. According to The 

Bergey's manual of systematic bacteriology and 

considering the physiological and biochemical tests 

performed, The isolate NI13 was initially identified 

as Bacillus sp.” 

Identification of dominant bacteria 

Because the strains were comparable to 

Bacillaceae in terms of morphological, physiological, 

and biochemical features (Tables1 and 2), a 

molecular approach was used to further characterize 

them. The results revealed that utilizing PCR 

amplification, the 16S rRNA gene of these isolates 

was amplified to a length of 1500 bp (Figure 2). 

Sequence data of the isolate deposited in the 

GenBank database accession number MN368195. 

The results  showed that our isolate had the highest 

identity with Bacillus subtilis 16S rRNA gene 

sequence homology. 
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Table 2 Microscopic examination of selective lypolytic bacterial isolates

ore 

formation 

Gram 

reaction 
Motility Cell shape 

Bacterial 

Isolate Code 

+ positive motile Rod NI 1 

+ negative motile Short- rod NI 2 

- Positive non-motile cocci and form in grape-like cluster NI 3 

+ positive motile Rod NI 4 

+ negative motile Short- rod NI 5 

+ positive motile Rod NI 6 

+ positive motile Rod NI 7 

+ positive motile Rod NI 8 

+ positive motile Rod NI 9 

+ positive motile Rod NI 10 

+ positive motile Rod NI 11 

+ negative motile Short- rod NI 12 

+ positive motile Rod NI 13 

+ positive motile Rod NI 14 

+ positive motile Rod NI 15 

+ positive motile Rod NI 16 

Table 3 Biochemical tests of most efficient lipase 

producing bacterium (NI13). 

Isolate No.     NI13 Biochemical tests 

+ Gram staining 

- Voges-Proskauer 

+ Motility 

+ Catalase 

- Oxidase 

+ Citrate 

+ Nitrate 

+ Starch hydrolysis 

+ Casein 

+ Gelatin 

- Indole 

+ Glucose 

+ Mannitol 

+ Lactose 

+ Sucrose 

+ Fructose 

Fig. 2 PCR amplification of 16s rRNA. M: 1Kb DNA 

ladder; 1, 2: PCR product of 16s of B. subtilis NI13.                      

 

The identified bacteria are Gram-positive 

bacteria that excrete extracellular enzymes and they 

are beneficial for the bacterial population. The 

presence of any signaling molecules such as protein 

or lipid serves as the substrate or inducer for the 

increased secretion of both the lipase and the protease 

by the Bacillus spp. [14].Bacillus subtilis, B. 

amyloliquefaciens, and B. licheniformisare widely 

exploited for the purpose of protein production due to 

the immense fermentation nature, very high product 

production, and the very low level of toxic by-

products [14 ].  

 

Cloning and Expression of lipase in E. coli BL21 

Using PCR, a lipase encoding gene was 

amplified from B. subtilis NI13; the lipase gene 

sequence was identified and submitted to Gen Bank 

(accession no. MN238705). The putative lipase gene 

sequence has a 639-bp open reading frame (ORF). 

The deduced protein has 212 amino acid residues and 

a molecular weight of 22.819 kDa (Figure 3). 

 

 
Fig. 3 PCR amplification of lipase gene. M: 100bp 

DNA ladder; 1, 2, and 3: PCR product of lipase gene 

of B. subtilis NI13. 
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The amplified PCR product (lipase gene 639 bp) 

was purified by QIAquick Gel Extraction Kit (Cat. # 

28704), Qiagen. Subsequently, the purified lipase 

gene amplicon was mixed with the PGEM-T easy 

vector, Promega in the presence of ligase, after 

incubation for 1 h at room temperature, 10 μL of the 

ligation reaction was transformed into Top10 

competent cells. 

Clones were selected on ampicillin LB plates 

and recombinant plasmid was isolated from positive 

clones using GeneJET Plasmid Miniprep Kit (Cat. # 

K0502). 

Recombinant plasmid was confirmed through 

digestion with restriction enzymes BamH1 and Sal1 

(Figure 4), the lipase gene was sub-cloned into 

PGex-4T1 expression vector in frame with the GST-

tag 

 
Fig.4 1% agarose gel confirms the Plasmid 

recombination through restriction enzymes digestion 

by BamH1 and Sal1restrictionenzymes. 

 

The positive recombinant clones were re-

transformed into BL21 (DE3) cells for expression of 

the cloned lipase gene. Protein apparent bands were 

clearly observed after separating the total extracted 

proteins on SDS-page and staining with Commassie 

brilliant blue. SDS-page analysis visualized a major 

protein band at ~ 49KDa (~ 23KDa lipase + ~ 26KDa 

GST) (5). 

 

Production and Purification of native Lipase from  

Bacillus subtilis MN238705   

The crude enzyme (500 ml) produced after 

mass production showed a lipase activity of 

20.66U/ml with a specific activity of 2.46U/mg 

(Table 3.2). B. subtilis MN238705 lipase was purified 

from the culture supernatant at 4°C and the 

purification results are summarized in Table 4. 

Ammonium sulphate precipitation up to 80% 

exhibited maximum activity beyond which showed a 

marked decrease in lipase activity. The enzyme 

obtained after dialysis showed a specific activity of 

6.0 U/mg with 2.43-fold purification and 73.82 % 

enzyme recovery. The enzyme was further purified 

on a gel exclusion sephadex G-100 column. The 

elution pattern from sephadex G-100 column showed 

a single peak with lipase activity of 12.52 U/ml 

(Table 4 and Figure 7). The pooled active fractions of 

gel filtration showed a significant increase in specific 

activity from 6.00 U/mg to 23.19 U/mg which 

indicates that most of the unwanted proteins have 

been removed (Figure 8). The enzyme was purified to 

9.45 fold with an overall lipase recovery of 60.5 %. 

[30] Has reported two-step purification protocol for 

Staphylococcus sp. CJ3 lipase and resulted in higher 

specific activity and 32% lipase recovery. 

 

 
Fig. 5 12% SDS-page shows the expression of lipase 

in clear lysates of transformed BL21. 1: protein 

ladder; 2:  clear lysate of BL21 transformed with 

non-recombinant PGex-4T1 expression vector; 3: 

clear lysate of BL21 transformed with recombinant 

PGex-4T1-lipase, 4: partially purified recombinant 

lipase fused with GST. 

 

 
Fig. 6 Protein and enzyme activity profile of 

fractionsof Sephadex G-100 column chromatography                 

of the dialyzed lipase of B. subtilis MN238705 
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Fig. 7 SDS-PAGE of Bacillus subtilis isolate native 

lipase at different stages of purification. Lane M: 

Thermo Scientific™ PageRuler™ Plus Prestained 

Protein Ladder; Lane1:contains Ammonium sulphate 

precipitation; Lane 2: Sephadex G-100. 

 

Activities of immobilized lipase 

Immobilization of Microbial Lipase: Choosing an 

appropriate enzyme immobilization technique is 

critical. The bounding ability of the carrier is one of 

the most important indicators of enzyme 

immobilization, which is measured by the residue 

activity of the enzyme solution [22]. As shown in 

Table 5, Protein loading capacity and immobilization 

yield, respectively, were 13.2 mg/g support and 81.77 

%. Lipase enzyme should be immobilized to increase 

its stability, recovery, and reusability [31]. Support 

binding can be physical or chemical, involving weak 

or covalent bonds. The purified lipase was 

immobilized by the physical absorption method as it 

is simple and economical. The use of Amberlite resin 

IRC50 to immobilize an enzyme increased its 

biocatalytic properties, such as stability and 

reusability, as well as providing a greater surface area 

for high enzyme loading [32  ̧ 33]. For free and 

immobilized enzymes, the optimal conditions for 

maximum enzyme activity differ depending on the 

type of support, method of activation, and method of 

immobilization [34]. Activities of immobilized lipase 

were measured at various pH and temperatures 

values. 

Characterization of Lipase from Bacillus subtilis 

MN238705 

   As indicated in Figure 8 , the maximum enzyme 

activity of free  enzyme  was obtained at 37 °C , 

while the immobilized lipase's optimal temperature 

was 45°C, which was much higher than that of the 

free enzyme. Moreover, the immobilization of the 

enzyme improved its stability against high 

temperatures recording an increase in relative activity 

% by 1.2 and 2.4 folds at 50 and 60°C than the free 

enzyme, respectively. Never the less, the activity of 

the immobilized enzyme recorded as twice as that of 

the free form at extreme temperatures of 20 and 

60°C, as shown in Figures (8 a and 8b). The 

immobilized enzyme had greater thermal stability at 

all temperatures investigated as compared to the free 

enzyme, which could be attributed to the interaction 

of lipase with the support that stabilizes the enzyme's 

structure and improves the protein's resistance to 

thermal denaturation [35, 36 and  37]. For  the effect 

of    pH values on lipase activity , the immobilized 

lipase's optimal pH was 8.0, while the free lipase was 

7.0. Immobilized lipase also had higher activity than 

free lipase, particularly at pH higher than 7.0. The 

optimal pH value of free lipase shifted one unit to the 

alkaline region after binding on the support. On the 

other hand the immobilized enzyme recorded higher 

relative activity % by 1.2 to 1.3 folds than the free 

form along variable acidic and alkaline pH values in 

the stability test, while recorded increase by 1.3 to 1.4 

fold in relative activity % under activity test at 

extreme pH values of pH 3 and 10, as shown in 

Figures (8c and 8d). 

 

Table 4   Summary of the purification  procedure  of lipase from Bacillus subtilisMN238705 

**** 

Yield (%) 

**** 

Fold 

purification 

*** 

Specific 

Activity 

(U/mg) 

**Total 

protein 

content 

(mg/ml) 

*Total 

activity (U) 

Lipase 

Activity 

(U/ml) 

Volume 

)ml ( 

Purification 

step 

100 1±0.00 2.46±.19 8.41± 1.04 10330±55.59 20.63±1.12 500 
Crude 

enzyme 

73.72±7.24 2.43±0.28 6.20±0.15 2.54±0.11 913.8±38.70 15.23±0.65 60 

Ammonium 

sulphate 

precipitate 

60.5±1.78 9.45±1.09 23.185±0.8 0.560±0.02 750.0±32.8 12.52±0.55 60 
Sephedex 

G -100 

*Total activity: Enzyme activity in given volume (IU)**Total protein: mg/ml., ***Specific activity: Enzyme 

activity per unit protein concentration (IU/mg), ****Purification fold: increase in specific activity., *****Percent 

recovery is remaining protein concentration as % of the initial protein concentration.                     
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The correlation coefficient calculated from 

results showed strong negative effect of temperature 

variability on relative activity % for both free and 

immobilized enzyme forms under stability test, as 

shown in Figure (9). Lipase's application range in 

severe conditions was expanded by immobilization, 

to   accelerate hydrolysis and esterification [38, 39].             

Bacterial lipases generally have a neutral or alkaline 

pH [40, 41]. However, in many cases, maximal 

activity was recorded at a higher pH (>7.0) [42, 43, 

18, 44].  The optimum physical conditions for B. 

megateriumAKG-1 extracellular lipase were 

55°C and pH 7.0 [    44]. While for Lipase produced 

by the Bacillus sp. MPTK 912 the optimum pH was 

8.0 and the optimum temperature was 35°C [45]. 

Maximum lipolytic 

activity of Pseudomonas aeruginosa KM110 

extracellular lipase was exhibited at 45°C where 

enzyme stably was also maintained [46]. It could be 

deduced that the immobilization of the enzyme 

protected it from deterioration specifically under 

extreme temperatures (20 and 60°C) and pH (3 and 

10 ) confirmed by stability and activity results. 

 

 

 

Table 5 Specific activities of Enzyme-Resin complexes and immobilization yields 

Resin 
Theoretical activity immobilized a, A – 

B  (U./g) 

Complex 

hydrolysis 

Activity, C  (U./g) 

Protein loading mg/g 

support 

Immobilization 

Yield (%) 

IRC50 4420± 6.54 3614.234±62.7 13.20± 0.8 81.77±1.22 

Note: A, specific activity of the initial solution; B, specific activity of the residual solution; C, Specific activity of 

the enzyme-resin complex.  

 

 
Fig. 8   Effects of temperature   and  pH  on stability and  activity  of the of free and immobilized Enzyme. 

 

 
Figure (9): Correlation coefficient for Temperature 

(T° C) and pH values against activity and stability 

test relative activities %. 

Effect of metal ions on  immobilized lipase activity ; 

The enzyme activity increased by 127.42 % and 

105.2 %, in presence of metal ions Ca2+ and Mg2+ 

respectively, suggesting the requirement for 

metalloprotein (Figure 10). The importance of these 

ions as lipase cofactors has been reported [21]. 

Metal ions play a key link in the binding between 

the enzyme and the substrate, contacting with both 

and holding the substrate and the enzyme's active 

site together. Moreover, the role of calcium ions, in 

the binding process to alter the active site's position 

specificity has been reported by several authors [47]. 

However, a decrease in relative activity was 

observed using Cu2+, Fe2+, Zn2+ with about 41.44, 

-1.00 -0.50 0.00 0.50 1.00

free enz

imm enz

free enz

imm enz

T°
C

pH

activity test stability test
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28.36%, and 18.60%. This metal ion inhibitory   

effect may be due to a change in the solubility and 

the behavior of the ionized fatty acids at interfaces, 

or the change in the catalytic properties of the 

enzyme itself [48]. A similar inhibitory effect of 

Cu2+, Fe2+, Zn2+ metal ions on lipase from B. 

methylotrophicus PS3 was reported by [49]. 

 

 
Fig. 10.  Effect of divalent ions on the  activity of B. 

subtilis MN238705 lipase.The control has no divalent 

ions. 

 

GC-MS analysis of cooking oil (WCO) and its 

biodiesel  product. 

The application of lipase in methanolysis 

was investigated. The immobilized lipase was used in 

the transformation of waste cooking oil (WCO) from 

food waste. Application of lipase in methanolysis was 

investigated. The immobilized lipase was used in the 

transformation of waste cooking oil (WCO) from 

food waste. 

In this study, biodiesel was produced under 

the following transesterification conditions: Reaction 

temperature: 45°C; catalyst concentration: 5.0 wt. %; 

reaction time: 6 h. The molar ratio of methanol to oil 

is 4:1, yielding 90.5 percent biodiesel. 

In biodiesel production, Gas-

chromatography-mass spectrometry studies are 

required to clarify the compounds contained in pure 

and used frying oils, as well as biodiesel produced, 

and are useful in determining biodiesel quality [50-

52]. The conversion of WCO to biodiesel was 

determined using gas chromatography (GC). As 

standards, the standard methyl esters of stearic, oleic, 

and linoleic acids were used. The three fatty acid 

methyl ester mass spectra are shown in Figure 11, 

12, and 13. 

The area percentage of WCO to biodiesel 

was calculated and interpreted with the help of peak 

integration software GC solution (Shimadzu 

cooperation). 

The principal components of the WCO   and 

its biodiesel product were determined by GC-MS 

(Figure 14 and 15), and their chemical composition 

are described in Table 6.  

As illustrated in Table 6, Stearic acid, 

methyl ester (23.57± 1.954%), oleic acid, 

methyl ester (15.73±1.372%), and palmitic acid, 

methyl ester (14.27±0.775%) are the main 

components of waste cooking oil (WCO), While the 

components of the used WCO are converted to 

biodiesel components during the methyl esterification 

process. Oleic acid, methyl ester (41.574± 3.3%) is 

the most abundant component in the WCO biodiesel 

sample, followed by linoleic acid, methyl ester 

(19.510±1.19%) and Palmitoleic acid (14.204±0.95). 

Total fatty acid methyl ester in the WCO biodiesel 

sample was 87.39%. 

The fatty acid profile has been considered as a 

suitable biodiesel quality indicator [53]. The contents 

of the C16 and C18 of biodiesel (as percentages of 

total FAMEs) are used to assess the oil/biodiesel 

productivity; this correlates to an occasional degree 

of unsaturation and is preferred for biodiesel 

production (54,55). In recent years, waste oil is 

becoming increasingly popular for biodiesel synthesis 

due to its high content of free fatty acids (FFAs) and 

low production costs [53]. 

Finally, the physicochemical features of 

WCO and produced biodiesel were analysed as 

cetane number (CN) 55.47, Cold Filter Plugging 

Point (CFPP) (◦C) - 2.568, kinematic viscosity (ʋ) 

(mm2 •s -1) 5.10, and density (g•cm−3) 0.87 (Table 

7). 

The cetane number (CN) is one of the first 

indicators of fuel quality and is calculated according 

to ASTM D 613.It is a well-known fact that higher 

cetane numbers are associated with shorter ignition 

delay times and vice versa [56]. The density of 

biodiesel is also another factor that influences 

atomization efficiency; it is depends on the alkyl ester 

content and the amount of alcohol remaining. 

The lowest temperature at which crystal 

formation in biodiesel is visible as a cloudy 

suspension is known as the Cold Filter Plugging 

Point (CFPP) [57]. It depends mainly on the saturated 

fatty acid percentage; high levels of those acids 

enhance the freezing temperature and provide a high 

CFPP [58], causing the biofuel to solidify and 

making it more suitable for use in warmer climates. 

The physicochemical properties of WCO-

derived biodiesel met the European biodiesel 

standards of kinematic viscosity, cetane number, 

density, and iodine value. 

Our findings are consistent with those of 

[59], who studied biodiesel production from waste 

vegetable oils and reported that a mixture (sunflower 

75 percent + soybean 25 percent) waste oils was 

superior in biodiesel   production, with a fatty acid, 

methyl ester content of 91.03 percent, the second was 

cotton waste oil at 89.56 percent, followed by    

sunflower waste oil at 86.92 percent. The 

significance of this endeavor is to reap the benefits of 

local environmental wastes as renewable energy 

sources. 
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Table 6 GC/MS chromatogram of Fatty acids methyl ester of waste cooking oil (WCO) and its biodiesel product   

**MUF, monounsaturated FA; PUFA, polyunsaturated; TUSFA, total unsaturated FA and TSFA, total saturated FA 

Table 7 Some fuel properties of WCO-derived biodiesel 

Parameter DU SV IV CN LCSF CEPP KV 
Density 

at 25°C 

Biodiesel 

from 

WCO 

58.53±2.04 211.91±2.48 73.74±1.48 55.47±0.78 4.43±1.15 
- 

2.568±0.65 
5.10±0.34 0.865±0.28 

DU: degree of   unsaturation; SV: saponification value; IV: iodine value; CN: cetane number; LCSF: long-chain 

saturated factor; CFPP:   cold filter plugging point; Vis: Viscosity KV: Kinematic Viscosity (mm2 ·s −1). 

 

As a result, the lipase Amberlite IRC-50 complex 

delayed the denaturing effect of increased pH and/or 

temperature, as indicated by a shift in the optimal 

pH/temperature for activity. As indicated by its 

highest percentage content of fatty acid, methyl ester 

(87.39%), the biodiesel produced from the 

investigated waste oils suggests that the waste oil has 

a strong potential for biodiesel production. 

Thus, immobilized lipase proves to be a 

versatile biocatalyst, as it accepts all of the various 

fatty acids found in the WCO.  

 
Fig. 11 Stearic acid, mass spectrum 

 
Fig. 12 Oleic acid, mass spectrum 

 
Fig.  13 Linoleic acid, methyl ester mass spectrum 

Fatty acid (% total FA) WCO                         Biodiesel 

Oceanic acid ,2-butyl ester 5. 52± 2.185 00.00 

1,4dimethyladamantane 3.47± 0.185 0.538±0.064 

Lauric acid   (C12:0) 4.09± 1.047 5.511±0.856 

Myristic acid   (C14:0) 9.55± 1.064   10.046± 1.075 

Palmitic   acid   (C16:0) 14.27± 0.775 14.204±0.950 

Palmitoleic acid  (C16:1)     0.72± 0.151 3.00±0.155 

Stearic acid  (C18:0) 23.57± 1.954 4.387±0.998 

Oleic acid  (C18:1) 15.73± 1.372   41.574± 3.340 

Linoleic acid  (C18:2) 8.91± 0.733 19.510±1.196 

Linolenic acid  (C18:3) 1.48± 1.331 0.432±0.120 

Arachidonic acid (C20:4) 3.64 ±  0.450 0.770±0.147 

Erucic acid (C22:1) 8.57± 0.253 0.597±0.056 

Σ C16 14.99± 0.927 17.204±1.107 

Σ C18 49.69± 5.392 65.874±5.534 

Σ C20 3.64 ±  0.450 0.77±0.1470 

Σ MUSFA 25.02± 1.778 44.574±3.550 

Σ PUSFA 24.03± 2.515 20.88±1.641 

TUSFA 39.17 ±4.346 65.385±4.930 

TSFA                  61.83± 4.841 34.6043±3.664 
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Fig. 14 The GC-MS chromatogram of (WCO). 

 

 
Fig. 15 The GC-MS chromatogram of biodiesel 

obtained from (WCO). 

 

Conclusions 

Lipase of Bacillus subtilis MN238705 is an 

extracellular lipase-  having molecular weight of 

22.819 kDa, whose optimum temperature of 37°C 

and pH of 7.0, was found to be a metallo enzyme 

with Ca2+ and Mg2+ activator. Purified lipase was 

successfully immobilized on Amberlite IRC-50 

support. Extracellular lipase produced Bacillus 

subtilis MN238705 immobilization retained its 

activity at extreme temperatures and pH values, 

facilitating its application in cooking oil catalyzed 

transesterification for biodiesel production, whose 

physicochemical properties of kinematic viscosity, 

cetane number, density and iodine values were found 

to follow European biodiesel standards. The 

laboratory scale is an excellent starting point for 

large-scale production. 
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