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ABSTRACT 

Lipases play a vital role in modern Biotechnology owing to their multifaceted properties. 

Their production and purification procedures need to be improved in order to enhance their 

stability and turn over. This work was done to study the effect of immobilization of whole 

cells of lactobacillus in the production of lipase in comparison with free cells of lactobacillus. 

Ammonium sulphate precipitation and High performance liquid chromatography were used 

as purification procedures. Activity of purified lipases were found to be 10µmol fatty acid 

released/ml of substrate   for free cell fermentation and 40 µmol fatty acid released/ml of 

substrate for immobilized cells respectively. Tolerence of lipase against organic solvents such 

as ethanol, acetone, benzene, and hexane were determined. Michaelis Menton parameters for 

the enzyme like Vmax, Km ,β were found to be 1.295 µg/ml/min,0.924 µg/ml,1.0663 for free 

cell fermentation and 0.201µg/ml/min ,9.378µg/ml,10.825 for immobilized whole cell 

fermentation. 

 

INTRODUCTION 

Lipases (triacylglycerol acyl hydrolases E.C.3.1.1.3) have been emerged as key enzymes in 

swiftly growing biotechnology owing to their multifaceted properties which find immense 

usage in wide array of industrial applications such as food technology, detergent, chemical 

industry and biomedical sciences (Pandey et al., 1999). They catalyze both the hydrolysis of 

triglycerides and synthesis of esters from glycerol and long chain fatty acids. In addition, they 
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also serve as a biocatalyst for alcoholysis, acidolysis, esterification and aminolysis. (Jaeger et 

al., 1998). The common mode of action of lipases as a biocatalyst is shown below. 

Fats (or) oils + water             lipase              fatty acids+ glycerol 

Lipases are characterized by their ability to catalyze the hydrolysis of triglycerides at the 

interface between substrate and water, a phenomenon called interfacial activation. The 

catalytic triad is composed of Ser-Asp/Glu-his and usually also a consensus sequence.(Gly-

X-Ser-X-Gly) is found around the active site serine. The three dimensional structures of 

lipases reveal the characteristic α/β-hydrolase fold. (Nardini & Dijkstra 1999). However these 

enzymes also display catalytic activity towards a large variety of alcohols and acids in ester 

synthesis reactions provided that the water activity is very low. Synthesis of esters mediated 

by lipases has been under scrutiny by numerous researchers in recent years as a wide variety 

of such compounds are important to us. Protein engineering of enzymes is an indispensable 

tool for improving the enzyme properties. The properties of lipases that need to be improved 

are stability and turnover under application conditions. Lipases need to be stable against 

proteolytic action; they need to be thermo stable and also stable against oxidative compounds 

and detergent ingredients, when lipases are used for fatty stain removal in laundry. A desire 

for kinetic changes is more likely in the food, chemical and pharmaceutical areas. More 

understanding is needed concerning the observed stereo preference of lipases acting on 

triacylglycerol lipases or of pharmaceutical compounds of interest. Lipases are indeed one of 

the most versatile enzymes. In the coming years there is going to be a large scale commercial 

exploitation of these enzymes.  

 

MATERIALS AND METHODS 

Isolation of Microorganism: Lactobacilli MRS Agar and Lactobacilli MRS Broth are 

recommended for use in the isolation, enumeration and cultivation of Lactobacillus species. 

Lactobacilli MRS Agar and Lactobacilli MRS Broth are based on the formulations of deMan, 

Rogosa and Sharpe. The ingredients were suspended in sterile distilled water and mixed 

thoroughly. The mixture is heated with frequent agitation and boiled for 1 minute until the 

powder was completely dissolved. Then autoclaved at 121°C for 15 minutes. Transfered 

Lactobacilli MRS Agar into sterile Petri dishes containing 1 ml volumes of diluted sample of 

commercially available curd. The medium is allowed to solidify on a flat surface for 5-10 

minutes. Alternatively, plates of Lactobacilli MRS Agar used for direct recovery of 

organisms using the streak oculation technique and incubated at 35°C for 3 days.  



Saranya.N, PadmaGangeshwari.G / Lipase Production from… 

IJCPR, November 2014 - January 2015, 5(4), 117-130 

P
ag

e1
1

9
 

Identification of Microorganisms: Identification of the selected isolates was carried out using 

morphological and biochemical methods.The studies included Catalase test, Gram’s staining 

and E.Coli  inhibition Test. 

Determination of Growth Pattern: The different phases of growth of the lactobacillus cells 

were observed by OD values using UV visible spectrometer. Different phases such as lag, 

log, stationary and decline phases can be viewed by plotting time in the X-axis and optical 

density value (Absorbance) in the Y-axis. At the end of log phase growth of cells are 

maximum. 

Dry Cell Mass Determination: To determine the dry weight of the cells, the 20 hr cells were 

separated using centrifugation process at 10000 rpm, 4ºc in 20mins and filtered through filter 

paper (Whatman No. 40). It was washed first with 0.1 mol/L HC1 to remove CaCO3, 

followed by washing with distilled water. The washed cells are dried at 60±1°C to constant 

mass. It was placed in the desiccators and then the mass was determined. 

Determination of Specific Growth Rate (µ) and Growth Yield (YX/S): To determine the 

specific growth rate (µ), natural log of biomass (lnX/X0) was plotted against time (t). The 

slope of the line at any moment gives the specific growth rate at that moment. Biomass 

growth yield was determined on the basis of lipid consumption. A graph was plotted between 

changes in dry weight and changes in the amount of the lipids consumed. The slope of the 

graph was YX/S. 

Free Cell Fermentation: The free cell fermentation is carried out in shake flask using the 

MRS medium. The flask containing 50 ml fermentation medium is inoculated by 20 h old 

inoculums. The inoculums development and the fermentation are carried out at 35-37°C in an 

anaerobic environment. At he end of 20 hr crude lipase enzyme can be isolated. 

Immobilized Whole Cell Fermentation: The lactobacillus cells are harvested at 20 hr by 

centrifuging in a table top centrifuge at 12000 rpm for 15 mins. The cells are washed three 

times with saline and used for immobilization. The harvested Lactobacillus cells (10.0 g/l dry 

weight) are suspended in 30 ml of sterile 3% sodium alginate solution. The suspended cells 

are extruded with a help of syringe through a needle into 5% calcium chloride solution and 

the beads are kept in ice cold saline solution for 2 hrs. Then the beads are packed into a 

column at 37°C. Immobilized cells are loaded in a columns and 50 ml of MRS fermentation 

medium is poured to it. The inoculums development and the fermentation are carried out at 

35-37°C in an anaerobic environment. After the cells cross lag phase (at the end of 20 hr) 

crude lipase can be drained out of the column. 
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Screening of Lipase: A simple and reliable method for detecting lipase activity in 

lactobacillus is the use of surfactant Tween 80 in a solid medium to identify a lipolytic 

activity. The formation of precipitation around the well is an indication of lipase production 

by the organisms. 

Purification by Ammonium Sulphate Precipitation: Solid Ammonium sulphate was added to 

the extract with stirring to bring the saturation of 10%, 20%, 30%, 40%, 50%, 60%, 70%, 

80% and after standing it for 4 h at 4oC, the precipitates were removed by centrifugation. 

Lipase activity both in precipitate and supernatant was determined. Additional ammonium 

sulphate was added to the supernatant to bring the saturation to 60% and the mixture was left 

overnight. The precipitates were collected and used as enzyme. 

High Performance Liquid Chromatography: HPLC analysis was performed with a Hewlett–

Packard 1050 Series pump and a Hewlett Packard 1050 Series variable wavelength detector. 

Normal phase HPLC separations were performed with a Chiracel OD column (250 mm × 4.6 

mm, particle size 10 μm, Daicel) at ambient temperature. UV-visible detector was performed 

at 580 nm. Aceto nitrile was used as components of the mobile phase at a flow rate of 0.5 mL 

min
−1

. Sample concentrations were 1% (w/v) in mobile phase as solvent and injection volume 

was 20 μL. 

Lipase Assay-Determination of Activity: Lipase activity in the broth is determined 

titrimetrically on the basis of olive oil hydrolysis (Martinez et al., 2000). One ml of sample 

solution is added to the assay substrate containing 1ml of 10% homogenized Olive oil and 1 

ml of 0.1M Tris HCl buffer, pH8.5. The enzyme substrate mixture was incubated on orbital 

shaker with a shaking speed of 120 rpm at 30°C for 20min. To stop the reaction, by using 10 

ml ethanol acetone mixture (1:1) was added to the reaction mixture. Liberated fatty acids 

were titrated with 0.05N NaOH with Phenolphthalein as a indicator. Lipase activity is 

expressed as units per ml of the broth. One ‘lipase unit’ (U) is defined as the amount of the 

enzyme that release one mole fatty acid per min. 

Measurement of Protein Concentration: The Lowry protein assay is a biochemical assay for 

determining the total level of protein in a   solution. The total protein concentration is 

exhibited by a color change of the sample (free cell & immobilized cell fermention) solution 

in proportion to protein concentration, which can then be measured using colorimetric 

technique in the 1940s. 

Optimization of lipase-Effect of Temperature and pH: For the effect of temperature, the 

purified enzyme was incubated at 30°C, 35ºC, 40°C, 45ºC, and 50°C for a period of 15min 
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using Olive oil as substrate. After incubation the reaction stop by using acetone added to the 

mixture. The residual lipase activity was determined. To study the effect of pH, the lipase 

activity was measured at pH from 5, 5.5, 6.5, 7.5, 8.5and 9.5. The pH of the reaction mixture 

was varied using Phosphate buffer buffer. 150μl purified lipase was incubated in different pH  

buffers for 15min at 37°C and residual specific activity was determined. 

Tolerance Test: The effect of organic solvents on the enzyme from free cell fermentation and 

immobilized whole cell fermentation were performed. The organic solvents Ethanol, 

Acetone,Benzene,Hexane were investigated at different concentration 0.1%,1%,5%. 

Enzymes were mixed with different concentration of different organic solvent and inoculated 

in modified agar medium. 

Determination of Vmax , Km and β: The purified lipase was incubated with various 

concentrations of olive oil. The Michaelis constant (Km) was calculated by plotting 1/V 

against 1/[S] in Lineweaver and Burk plot. The slope of the plot is Km/Vmax and the intercept 

is Vmax
-1. β=Cs0/Km is the dimensionless Michaelis constant. 

 

RESULTS AND DISCUSSION 

24 hrs curd was diluted in distilled water and inoculated in MRS agar, incubated at 35°C for 

3 days . Organisms were grown on MRS agar. Samples were inoculated directly into 

Lactobacilli MRS Broth. Broth was incubated at 35°C for 3 days. 

  

Fig. 1(a):  Isolation of microorganism Fig. 1(b): Broth Enrichment 
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The isolated organisms were Gram positive and Rod shape. 

   

Fig. 2(a): Gram’s staining Fig. 2(b): Catalase Test               Fig. 2(c): E.Coli Test 

A visible  amount of  bacterial  growth was added  to 3% of hydrogen peroxide solution in 

aseptic condition .There was no bubble formation .The Catalase test was negative which 

confirms the presence of lactobacillus sp. Lactobacillus.sp treated with E.coli on MRS agar. 

The opaque zones was formed around the colonies was an indication of Lactobasillus.spp 

organisms. 

The different phases of growth of the lactobacillus cells were determined by plotting time in 

the X-axis and optical density value (Absorbance) in the Y-axis. Specific growth rate of cells 

were determined by plotting ln(X/X0) Vs T 

  

  Fig.3: Determination of growth pattern  Fig.4: Determination of specific growth rate 

The slope value of the plot of ln(X/X0) Vs Time was found to be 0.004 hr-1. A graph was 

plotted between changes in dry weight and changes in the amount of lipids consumed. From 

graph, the yield co-efficient Yx/s was 0.002g dry weight of cells/g of substrate. 
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 Fig.5: Growth Yield 

The free cell fermentation was carried out in shake flask using the MRS medium. At the end 

of 20 hr crude lipase enzyme was extracted. 

  

Fig. 6: Free cell Fermentation Fig.7: Immobilized whole cell fermentation 

Immobilized cells were loaded in a coloumn and 50 ml of MRS fermentation medium was 

poured to it. The inoculum development and the fermentation were carried out at 35-37°C 

inanaerobic environment. After the cells cross lag phase (at the end of 20 hr) crude lipase can 

be  drained out of the column. A simple and reliable method for detecting lipase activity in 

lactobacillus spp was the use of surfactant Tween 80 in a solid medium to identify a lipolytic 

activity. The pricipitation lines were formed around the well. 

 

Fig 8 Screening of lipase,  F-free cell lipase activity, I- Immobilized whole cell lipase activity 

 

F 
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The enzyme obtained from free cell fermentation and immobilized whole cell fermentation 

was purified by ammonium sulphate precipitation. The Ammonium sulphate was optimized 

with std.BSA and protein concentration is estimated. 

 

Fig. 9: Ammonium sulphate precipitation 

High Performance Liqud Chromatography Report 

 

Fig. 10: HPLC analysis of lipase extracted from free cell fermentation 
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Fig. 11:  HPLC analysis of lipase extracted from immobilized whole cell fermentation. 

The total protein concentration was determined by Lowry’s method.  

  

Fig. 12: measurement of protein concentration 

Lipase activity in the broth was determined titrimetrically on the basis of olive oil hydrolysis 

(Martinez et al., 2000). One ml sample solution (free cell& immobilized cell fermentation) 

was added separately to the assay substrate containing 1ml of 10% homogenized Olive oil 

and 1 ml of 0.1M Tris HCl buffer, pH8.5. The enzyme substrate mixture was incubated on 
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orbital shaker with a shaking speed of 120 rpm at 30°C for 20min. To stop the reaction, by 

using 10 ml ethanol acetone mixture (1:1) was added to the reaction mixture. Liberated fatty 

acids were titrated with  0.05N  NaOH  with Phenolphthalein as a indicator. 

 

Enzyme Activity= (ml of NaoH  for sample-ml of NaoH for blank)*N*1000 

                                             ml of  substrate 

For Free cell fermentation  

                                        =  (3.2-3)* 0.05*1000 

                                                          1 

             =    10µmol fatty acid released/ml of substrate    

For Immobilized whole cell fermentation 

 

    =   (3.8-3)*0.005*1000  

1 

               =   40 µmol fatty acid released/ml of substrate  

 

The maximum Enzyme activity was reached at the temperature was 30 ºc on free cell 

fermentation. The maximum Enzyme activity was reached at the temperature was 40ºc on 

immobilized cell fermentation . 

  

Fig. 13 (a): Effect of temperature on free cell 

fermentation 

Fig. 13 (b): Effect of temperature on 

immobilized      cell fermentation 

The maximum Enzyme activity was reached at the pH was 5.5 on free cell fermentation. The 

maximum Enzyme activity was reached at the pH was 8.5 on immobilized whole cell 

fermentation . 
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Fig. 14(a): Effect of pH on free cell 

fermentation               

Fig. 14(b): Effect of pH on immobilized 

whole cell fermentation 

The effect of organic solvents for free cell fermentation and immobilized whole cell 

fermentation were studied. Immobilized lipase was more tolerant against Ethanol, Acetone & 

Hexane when compared to free cell fermentation.  

  

  

Fig. 14: Tolerance test results 

Vmax  and Km values are determined by plotting 1/V and 1/S for the lipase produced by free 

cell fermentation and immobilized whole cell fermentation. For free cell fermentation they 

are found to be 1.295 µg/ml/min and9.378 µg/ml. The values of Vmax and Km were found to 
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be 0.201µg/ml/min and 0.924 µg/ml for immobilized fermentation. The dimensionless 

michaelis constant β, isfoundtobe1.0663 for free cell fermentation and 10.825 for 

immobilized whole cell fermentation 

  

Fig. 15(a):  Determination of vmax ,km for 

Free cell fermentation   

Fig. 15(b): for Immobilization Whole cell 

fermentation 

These results showed that the immobilized cells performed better than the normal cells. The 

yield and activity of the enzyme obtained is also higher than that if free cell fermentation. 

This work present a better understanding of efficiency of immobilized cells which could be 

exploited in reactor level studies. 
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