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for its pH and thermostability 
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The present work aimed to increase the thermostability and pH stability of lipase produced from Penicillium 

chrysogenum SNP5 using different anionic carriers. The immobilized lipase from the fungus on 1.25% sodium alginate 

beads and 12% polyacrylamide beads retained 37.28 and 59.75% immobilization efficiency, respectively, on 3 mm bead 

size. Immobilized lipase on calcium alginate and polyacrylamide beads retained 56.16 and 91.11% of its initial activity after 

3rd use, whereas significant loss in lipase activity was observed after 5th and 7th reuse, respectively. Properties like optimum 

pH, Km, Vmax and thermostability of immobilized lipase were changed with respect to free lipase. Optimum pH shifted from 

7 to 7.5 in calcium alginate and from 7 to 9 in polyacrylamide beads, whereas t1/2 increased from 71 min to 205 min in 

calcium alginate and from 71 min to 380 min in polyacrylamide beads at 45°C. Km and Vmax values at free state lipase were 

observed as 0.30 mM and 31.948 µM min-1 mL-1, whereas after immobilization on calcium alginate and polyacrylamide 

beads values changed to 0.188 mM and 27.24 µM min-1 mL-1, and 0.24 mM and 30.96 µmol min-1 mL-1, respectively. Thus, 

on immobilization, lipase has shown enhanced thermostability, specificity and working range of pH, which would be more 

beneficial for its industrial application. 
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Introduction 
Lipases (triacylglycerol acylhydrolases, EC 

3.1.1.3) are part of the family of hydrolases that 

hydrolyses carboxylic ester bonds. They are 

ubiquitous and extracellularly produced by all kinds 

of living beings, i.e., bacteria, fungi, yeast, plants, 

animals and microorganisms. Microbial lipases are 

more widely applied in industries owning to ease of 

bulk production in shorter time, broad selection of 

sources, good stability, differential enzymatic 

properties and ease of manipulation, either genetically 

or environmentally
1
. However, because of some 

constraints in the process of production, such as, high 

cost of production and storage due to instability, use 

of lipases is still a costly affair in industrial 

applications. Therefore, in current times, focus has 

shifted towards reusability of enzymes, strain 

improvement for high productivity and thermo-stable 

lipases. To achieve these, various immobilization 

techniques and matrixes are being explored, because 

immobilized enzymes are more stable than free 

enzymes and can be used several times in adverse 

environmental conditions by selecting suitable 

matrix
2
. Immobilization confers considerable stability 

with respect to pH, temperature and solvent variation. 

The immobilized enzyme can easily be recovered and 

recycled from the reaction mixture. Hence, 

immobilization techniques are compatible approach 

for the improvement of enzyme properties
3
. 

Various techniques have been explored for 
immobilization, based on various mechanisms, such 
as, adsorption, entrapment, encapsulation and 
covalent modification to variety of solid supports

4
. In 

the present study, polyacrylamide and sodium alginate 
beads were used as matrix for immobilization of 
lipase produced from P. chrysogenum SNP5 and 
compared in terms of its pH and thermostability. 
Although acrylamide is a neurotoxin but in 
polymerized form, it has zero toxicity. Entrapment of 
enzyme in alginate and acrylamide beads has been 
reported as a rapid, nontoxic, inexpensive and 
versatile technique

5
. In this method, the pore size of 

beads and amount of entrapped enzyme can be 
controlled by changing the concentration of sodium 
alginate. However, disadvantages of this method are 
diffusion of enzyme out of immobilized beads and 
limited transfer of substrates and products. However, 
covalent binding techniques overcome these 
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limitations and allow the formation of chemical bond 
between support and enzyme but enzymes looses their 
activity in higher extent.  

 

Materials and Methods 

Enzyme Production and Extraction 

A locally isolated strain of P. chrysogenum SNP5 

from the grease contaminated soil of the diesel loco 

shed was explored for the production of extracellular 

lipase using grease and wheat bran (1:1 w/w) as 

substrate. Enzyme was extracted after 7 d of SSF and 

centrifuged at 8000 rpm for 15 min
6,7

. The clear 

supernatant was used as a crude extracellular lipase 

enzyme.  
 
Immobilization of Lipase on Sodium Alginate 

An equal volume of enzyme solution and sodium 

alginate solution was mixed to give a 1.25% (w/v) 

final concentration of sodium alginate solution in the 

mixture. Then 0.25% glutaraldehyde was added and 

stirred on magnetic stirrer for 1 h. The mixture was 

dripped into 100 mM CaCl2.2H2O solution and 

allowed to harden for 1 h to give bead size of 3 mm. 

The calcium alginate beads containing the enzyme 

were thoroughly washed with distilled water and used 

for further studies.  

 
Immobilization of Lipase on Polyacrylamide Beads 

Aqueous solutions of the enzyme, 1.5% sodium 

alginate, 6-12% acrylamide monomer, 0.02% APS 

(ammonium persulfate) and N,N,N,N'-tetramethyl-

ethylenediamine (TEMED) were mixed well to form 

homogenous mixture. Immediately this mixture was 

dripped drop by drop into ice-cold buffered calcium 

chloride solution (pH 8.5) with the help of syringe to 

give calcium alginate-coated beads. The beads were 

left for 30-60 min in the cold calcium chloride 

solution for polyacrylamide gel formation. The 

enzyme was entrapped in porous polyacrylamide gel 

beads. The beads formed were washed 3-4 times with 

deionized water and finally with 50 mM Tris-HCl 

buffer (pH 7.5). These beads were dried and weighed 

for further studies. They were characterized by 

assaying for optimal pH, temperature, thermal 

stability, storage stability and reusability.  

 
Lipase Assay and Immobilization Efficiency 

Lipase activity assay was determined using the 

procedure described by Winkler and Stuckmann
8
 with 

some modification. p-Nitrophenyl palmitate (pNPP) 

(5 mM) stock solution was prepared in isopropanol 

alcohol and diluted 10 times with assay buffer. Assay 

buffer consisted 50 mM Tris-HCl buffer (pH 8.0),  

50 mM NaCl, 0.4% Triton ×100 and 0.1% gum 

Arabic. Reaction mixture containing 0.975 µL pNPP 

substrate buffer with 10 beads was incubated at 40
o
C 

for 20 min. The colour change due to release of  

p-nitrophenol (pNP) from p-NPP was measured at 

410 nm by spectrophotometer. One unit of enzyme 

activity is defined as amount of enzyme that releases  

1 µM of pNP (para-nitro phenol) min
-1

 mL
-1

 under 

assay conditions. The amount of protein in the beads 

was determined by Lowry’s method
9
 using bovine 

serum albumin as standard and immobilization 

efficiency was calculated.  
 

Immobilization efficiency = i i f f

i i

C V -C V
100

C V
×   

 

Where Ci is the initial protein concentration, Vi the 

initial volume of enzyme solution, Cf the protein 

concentration in the total filtrate and Vf the total 

volume of the filtrate. 
 

Effect of pH and Temperature on Stability of Free and 

Immobilized Lipase 

The stability of both free and immobilized lipase 

was determined by pre-incubating the free and 

immobilized lipase samples in 4.5-9.0 pH range of 

100 mM phosphate buffer solution for 24 h and  

0°-70°C for 1 h, after that residual lipase activity was 

measured. Half-life of free and immobilized lipase 

was calculated at 45°C using equation: 
 

t1/2= 0.693/Kd 
 

Where Kd is the deactivation rate constant. The value 

of Km and Vmax were determined by plotting 

Lineweaver-Burk plot for free and immobilized 

lipase. The value of substrate concentration pNPP 

ranged from 0.1 to 5 mM. 
 

Recycling Efficiency  

The recycling efficiency of immobilized lipase was 

analyzed by lipase assay. In each cycle of the 

immobilized enzyme was suspended in fresh reaction 

mixture after 1 h. The residual activity was calculated 

by taking the enzyme activity of the first cycle as 

100%.  
 

Results and Discussion 

Activity and Efficiency of Enzyme Entrapment in Beads 

It has been reported that the major parameters of 

lipase entrapment inside calcium alginate beads and 

polyacrylamide bead depend on their concentration 
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and contact time of these constituent
5
. Therefore, 

effect of concentration of sodium alginate and 

polyacrylamide was to be optimized. The lipase from 

P. chrysogenum SNP5 immobilized on 1.25% sodium 

alginate beads and 6% polyacrylamide beads retained 

37.28 and 26% immobilization efficiency, 

respectively, on 3 mm bead size (Table 1). The 

capacity to retain enzyme inside beads increased with 

increasing concentration of alginate and 

polyacrylamide but activity of immobilized enzyme 

decreased. This might be because extensive cross 

networking of matrix reduced pore size of beads 

causing less mass transfer or diffusion of substrate 

inside beads. Talekar and Chavare
10

 reported decrease 

in activity of enzyme with increase in concentration 

of matrix due to the decrease in the porosity of beads. 

Bhushan et al
11

 also reported that the activity of 

entrapped lipase was maximum at 1.5% alginate 

concentration and decreased with increase in the 

amount of alginate used.  

 
Effect of pH on Stability of Free and Immobilized Lipase 

The free lipase was found to be stable at neutral 

pH, whereas optimum pH shifted from 7 to 7.5 for 

lipase entrapped in calcium alginate and from 7 to  

9 for those entrapped in polyacrylamide beads.  

The free lipase retained maximum stability at neutral 

pH, while lipase retained 85% activity at pH 7.5 and 

31.84% at pH 9 when entrapped in calcium alignate 

and polyacrylamide beads, respectively (Fig. 1).  

The optimum pH of many enzymes shifted to 

higher pH if carrier is anionic and towards low pH if 

it is cationic. In the present study, the carrier used for 

immobilization were anionic in nature so it changes 

the degree of ionization of amino acid residues at 

active site, which leads to change in electrostatic 

potential (Ψ) and shifted the pH towards alkaline
12

. 

Bhushan et al
11

 reported no loss in enzyme activity of 

immobilized lipase at pH 7; however, comparative 

loss in activity of free lipase was observed at the  

same pH. 
 

Effect of Temperature on Stability of Free and Immobilized 

Lipase 

For determining the thermostability of free  

and immobilized lipase, samples were incubated at  

0°-70°C for 1 h and then residual lipase activity was 

measured. Free lipase started losing activity at 40°C 

and nearly 50% activity was lost at 45°C after 1 h 

incubation, while after immobilization with alginate 

and polyacrylamide beads, lipase retained 85 and 

94.5% activity, respectively at 45°C. At 55°C, 

polyacrylamide and alginate beads showed 80 and 

64% activity, respectively, whereas free lipase lost 

80% activity at this temperature. Thus, temperature 

optima of free lipase (30°C) shifted on immobilization 

with polyacrylamide (40°C) and alginate (45°C) as 

shown in Fig. 2. Hence, immobilization of  

Table 1—Effect of alginate and polyacrylamide concentrations on 

enzyme activity and immobilization efficiency 

No. Sodium 

alginate 

conc. 

(%) 

Immobilization 

efficiency 

(%) 

Polyacrylamide 

conc. 

(%) 

Immobilization 

efficiency 

(%) 

1 1.25 37.28 6 26.00 

2 1.75 59.16 9 42.00 

3 2.25 68.70 12 59.75 

 
 
Fig. 1—Effect of pH on stability of free and immobilized lipase 

(calcium alginate & polyacrylamide beads). 

 

 
 

Fig. 2—Effect of temperature on stability of free and immobilized 

lipase (calcium alginate & polyacrylamide beads). 
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lipase can catalyze reactions efficiently at higher 

temperature. These results propose that immobilization 

process creates microenvironment that prevents 

hydrogen bonding pattern in lipase structure at higher 

temperature. Thus, the unfolding of enzyme might  

be protected to some extent through process of 

immobilization, which improved the stability of 

enzyme. Ghamgui et al
13

 reported that inactivation of 

free enzyme at high temperature in solution was due to 

lipase denaturation, while interaction between support 

and enzyme improved the enzyme stability. Thermo-

stability was greatly influenced by the presence of 

water molecule because denaturation was linked to its 

conformational mobility in aqueous mixtures
14

. 

 
Kinetic Parameters 

Km and Vmax values of free-state lipase were 

observed as 0.30 mM and 31.948 µM min
-1

 mL
-1

, 

while after immobilization on calcium alginate and 

polyacrylamide beads, values changed to 0.188 mM 

and 27.24 µM min
-1

 mL
-1

, and 0.24 mM and  

30.96 µM min-1 mL
-1

, respectively. The decrease in 

Km on immobilization signifies the higher 

accessibility of substrate to active site. It was also 

observed that t1/2 increased from 71 min to 205 min in 

calcium alginate and from 71 min to 380 min in 

polyacrylamide beads at 45°C (Fig. 3).  

 
Operational Stability of Immobilized Enzyme 

In order to investigate repetitive use of 

immobilized lipase, the activity of entrapped enzyme 

was assayed with pNPP as a substrate. It was 

observed that immobilization of lipase on alginate and 

polyacrylamide gave 87.6 and 96.60% residual 

activity, respectively on the 2
nd

 reuse, and 56.16 and 

91.11% residual activity on its 3
rd

 reuse (Fig. 4). 

However, severe loss in the activity was observed in 

5
th
 (alginate) and 6

th
 (polyacrylamide) reuse of 

immobilized bead. This decrease in activity was due 

to physical loss of enzyme from the carrier, i.e., the 

leakage of enzyme from the beads due to repetitive 

washing of beads at the end of each cycle. Another 

possible reason might be the damage of beads during 

repeated washing
15

. In order to overcome this 

limitation, many researchers have tried to coat the 

surface of alginate bead with chitosan or silicate. The 

residual activity of non-coated bead was found  

to be 72%, while chitosan-coated and silicate-coated 

bead retained 77 and 87% of lipase activity, 

respectively
5
. 

Conclusion 
Enzyme entrapped inside the anionic carrier could 

be used efficently in industries, as it has several 

advantages over free crude extract lipase including a 

higher stability at extreme temperature and ability to 

be reused. Immobilization of lipase has shown an 

increase in thermostability, specificity and working 

range of pH, which would be beneficial for its 

industrial application.  
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