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A B S T R A C T

Pectinase as a biocatalyst play a significant role in food and textile industries. In this study, the pectinase was
immobilized by encapsulation within polyacrylamide gel to enhance its catalytic properties and ensure the
reusability for continuous industrial processes. 9.5% acrylamide and 0.5% N, N0- methylenebisacrylamide con-
centration gave high percentage of pectinase immobilization yield within gel. The catalytic properties of
immobilized pectinase was determined with comparison of soluble pectinase. The immobilization of pectinase
within polyacrylamide gel didn't effect catalytic properties of pectinase and both the free and immobilized pec-
tinase showed maximum pectinolytic activity at 45 �C and pH 10. The Michaelis-Menten kinetic behavior of
pectinase was slightly changed after immobilization and immobilized pectinase showed somewhat higher Km and
lower Vmax value as compared to soluble pectinase. Polyacrylamide gel encapsulation enhanced the thermal
stability of pectinase and encapsulated pectinase showed higher thermal stability against various temperature
ranging from ranging from 30 �C to 50 �C as compared free pectinase. Furthermore, the surface topography of
polyacrylamide gel was analyzed using scanning electron microscopy and it was observed that the surface
topography of polyacrylamide gel was changed after encapsulation. The encapsulation of pectinase within
polyacrylamide gel enhanced the possibility of reutilization of pectinase in various industries and pectinase
retained more than 50% of its initial activity even after seven batch of reactions.
1. Introduction

Pectinase is a generic term used for complex group of enzymes
including polygalacturnase, pectin estrase and pectn lyase, and break-
down the pectin into various units. Pectinase have been used in various
industrial processes such as fruit juice extraction, textile processing and
bioscouring of cotton fibers, retting of plants fibers, waste water treat-
ment, coffee and tea fermentation and oil extraction [1, 2, 3]. The
commercialization and industrial utilization of enzymes depend on its
stability against temperature, pH and other chemical additives used in
industrial preparation. Protein engineering, chemical modification,
adding additives and immobilization are usually used for modification of
enzymes to meet the industrial needs. Immobilization is the method
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which not only increases the stability of enzyme but also ensures the
reusability of costly enzyme for continuous industrial activity. Physical
adsorption, entrapment, encapsulation or covalent bonding have been
used for the immobilization of enzymes on various supports [4, 5, 6, 7].
The physical attachment of enzymes on support is done through ionic
interactions between supports and enzymes but the binding is very weak
and the enzyme can be detached from support under harsh ionic indus-
trial conditions. The covalent bonding is much stronger as compare to
physical adsorption and detachment of enzymes from supports are less
possible when it is covalently attached but the chemical interaction may
bring some structural modification in enzymes which may make the
non-functional by irreversibly deactivating [8]. The entrapment or
encapsulation is very simple method to physically retained the enzymes
Nawaz).
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within polymeric network of natural and synthetic polymers and over-
come limitation of enzyme detachment and irreversible deactivation
issues.

Polyacrylamide gel is a polymer of cross-linked network of acryl-
amide and have enough porous structure to retained enzyme with ex-
change substrates and products. Furthermore, polyacrylamide is inert in
nature and never react with protein as well as non-toxic and biocom-
patible. A robust enzyme containing polymer bead design synthesis re-
quires the availability of optimum amount of acrylamide monomers, bis-
acrylamide crosslinker, free radical ions and catalytically active enzyme.
The encapsulation or entrapment of enzymes within polyacrylamide gel
is done by initiating the polymerization of acrylamide and bis with the
enzyme solutions using free radicals. The reactivity and stability of
encapsulated enzymes are depended on porous structure of gel and
higher pore size of gel may outflow the enzymes from the gel, and lower
size may restrict the entery of substrate into the gel. The concentration
acrylamide and crosslinker define the pore size of gel, so the optimiztaion
of concentration ratio of acrylamide and crosslinker is necessary to trap
the enzyme within gel and make the substrate and product exchangeable
across the porous structure of gel [9, 10, 11, 12, 13, 14, 15, 16, 17].

This study was done to immobilize pectinase from B. lichenformis
KIBGE-IB21 with polyacrylamide gel through encapsulation techniques.
The concentration of monomers was optimized to encapsulate maximum
enzymes with maximum reactivity and stability. The catalytic reactivity
and stability of encapsulated pectinase against pH, temperature, and
substrate concentration were determined with comparison of free
pectinase.

2. Material and methods

2.1. Pectinase production

Pectinase was obtained through production of B. licheniformis KIBGE-
IB21 was used for the production of pectinase [18]. Cell free filtrates
were precipitated using ammonium sulfate (50%) and the precipitants
were obtained through centrifugation of cell filtrate at 10,000 rpm for 20
min. The precipitants were then dissolved in buffer (Glycine–NaOH
50mM pH 10) and desalinated through membrane based dialysis against
the same buffer for over night. The dailyzed protein solution were used
for encapuslation of pectinase within polyacrylamide gel.
2.2. Encapsulation of pectinase

The encapsulation of pectinase within polyacrylamide gel was per-
formed through polymerization of acrylamide and bis – acrylamide with
partially purified pectinase solution by addition of ammonium per sulfate
and TEMED (Tetramethylethylenediamine). Then the gel was cut into
2mm pieces and washed with buffer (Glycine-NaOH buffer 50mM, pH-
10), and deionized water to clean the non-encapsulated enzymes from
gel. The percent encapsulation yield of pectinase was calculated through
following equation;

Immobilization yield¼Activity of immobilized enzyme
Activity of free enzyme

� 100

2.3. Determination of enzyme activity of encapsulated and soluble
pectinase

The enzyme assay of both encapsulated and soluble pectinase was
performed using pectin as substrate and the concentration of galactur-
onic acid produced by enzyme assay was determined by 3, 5-dinitrosali-
cylic acid method using D- (þ)-galacturonic acid monohydrate as a
standard [19]. One unit of enzymewas defined as the “amount of enzyme
required to catalyze the formation of 1μmol of galacturonic acid per
minute under standard assay conditions”.
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2.4. Concentration effect of monomer and crosslinker on the encapsulation
of pectinase

The effect of monomer and crosslinker concentration on the encap-
sulation of pectinase within polyacrylamide gel was investigated through
utilization of various concentration of acrylamide and bis-acrylamide in
encapsulation procedure.
2.5. Reaction time effect on the catalytic performance of polyacrylamide
gel encapsulated pectinase

The incubation time effect on the catalytic reaction of enacapsulated
pectinase was determined through performing the enzyme assay for
different time intervals with comparison of soluble pectinase.
2.6. pH effect on the catalytic performance of polyacrylamide gel
encapsulated pectinase

The pH effect on the catalytic performance of encapsulated of pecti-
nase was analyzed through measuring the enzyme assay in various pH
level (5.0–10.0) with different buffers (acetate buffer pH 5.0–6.0, phos-
phate buffer pH 7.0–8.0, glycine-NaOH buffer pH 9.0–12.0) in compar-
ison to soluble pectinase.
2.7. Temperature effect on the catalytic performance of polyacrylamide gel
encapsulated pectinase

The temperature effect on the catalytic performance of encapsulated
pectinase was estimated throughmeasuring the enzyme assay in different
reaction temperature (30�C–60 �C) with comparison of soluble pectinase.
2.8. Kinetic parameters

The kinetic parameters including Km and Vmax value of encapsulated
pectinase were calculated by performing the enzyme assay using various
concentration of substrate ranging 1.0 mg/ml to 20 mg/ml with com-
parison of soluble enzymes.
2.9. Thermal stability of polyacrylamide gel encapsulated pectinase

Thermal stability of encapsulated pectinase against various temper-
atures was estimated by keeping the gel encapsulated enzyme in different
temperatures ranging for different time intervals (24–120 h). After every
24 h, defined amount enzyme was taken to measure the residual activity.
2.10. Reusability of polyacrylamide gel encapsulated pectinase

The reusability of encapsulated pectinase was measured to reusing of
same enzymes in various batch of reactions. The encapsulated pectinase
polyacrylamide gel were washed with deionized water and buffer
(glycine NaOH buffer of pH 10), and added fresh substrate for next cat-
alytic reaction.
2.11. Surface morphologies of encapsulated polyacrylamide gel

The surface topologies of encapsulated pectinase polyacrylamide gel
was scanned using scanning electron microscope (JSM 6380A Jeol,
Japan) with reference to polyacrylamide gel without encapsulated pec-
tinase [4, 20].



Figure 1. Effect of reaction time on the activity of polyacrylamide gel encap-
sulated pectinase with comparison of free pectinase. Symbols (means � S.E., n ¼
6) having similar letters are not significantly different from each other (Bon-
ferroni test, P < 0.05).

Figure 2. Effect of pH on the activity of polyacrylamide gel encapsulated pec-
tinase with comparison of free pectinase. Symbols (means � S.E., n ¼ 6) having
similar letters are not significantly different from each other (Bonferroni test, P
< 0.05).
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3. Results and discussion

3.1. Effect of monomer and crosslinker concentration on the encapsulation
of pectinase

The concentration ratio of monomer and crosslinker manage the pore
size of polyacrylamide gel and have significant impact on the immobi-
lization yield of enzymes [1]. The percent immobilization yield of
encapsulated pectinase was increased with the increase of acrylamide
and N,N0- methylenebisacrylamide concentration and maximum yield
(89%) was achieved at the concentration of acrylamide and N,N0-
methylenebisacrylamide was maintained to 9.5 % and 0.5% of, respec-
tively (Table 1). The relative activity of encapsulated pectinase was
reduced when the concentration ratio of acrylamide and N,N0- methyl-
enebisacrylamide was increased which might be due to the hindrance
effect of polymer to allow the substrate to reach the active site of enzyme.
The higher concentration of monomer and crosslinker reduced the pores
size of polyacrylamide gel and higher molecule weight like pectin could
not cross the pore to get in form enzymatic reaction. The concentration of
9.5% monomer and 0.5% cross linker were optimum to retained the
maximum enzymatic activity of pectinase.

3.2. Reaction time effect on the relative activity of polyacrylamide
encapsulated pectinase

The time is important for enzymatic catalysis reaction because the
enzyme need optimum time to convert maximum substrate into product.
Therefore, the enzyme assay of encapsulated pectinase was performed in
different time intervals with the comparison of soluble pectinase. The
encapsulation within polyacrylamide changed the catalytic reaction in-
cubation period of pectinase from 05 to minutes with reference to soluble
enzyme (Figure 1). The porous structure of polyacryalamide gel may
limit the movement of substrate from open aqueous environment to
micro-environment of gel and substrate took some more time to collide
with the active site of encapsulated pectinase as compared to soluble
pectinase which directly interact with substrate.

3.3. pH effect on the relative activity of encapsulated pectinase

The ionic strength causes significant variation on the relative activity
of enzyme because the molecular association of substrate and enzyme
need a ionic solution which support to bring the structural orientation of
both molecules to react one another. The relative activity of both the
encapsulated and soluble pectinase have significantly changed when the
relative activity of these enzymes were analyzed in different pH solution
ranging from pH-5 to pH-12 (Figure 2). The optimum pH of pectinase was
not changed after encapsulation within polyacrylamide and encapsulated
pectinase higher relative activity at pH 10 similar to soluble pectinase.
The encapsulation broadened the relative activity of pectinase and
Table 1. Effect of various concentration of acrylamide and N,N0- methyl-
enebisacrylamide on the immobilization of pectinase from Bacillus licheniformis
KIBGE-IB21.

Acrylamide (%) N,N0- methylenebisacrylamide Immobilization
yield (%)

6.65 0.35 34

7.60 0.40 45

8.55 0.45 60

9.50 0.5 89

10.45 0.55 71

11.40 0.6 57

12.35 0.65 44

13.30 0.70 31

14.25 0.75 24
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encapsulated pectinase maintained higher relative activity in wide range
of acidic and basic pH. The enhancement of relative activity of pectinase
against different pH after encapsulation might be due to pH change be-
tween microenvironment of polymer and reaction mixture of solution
[21].
3.4. Temperature effect on the relative activity of encapsulated pectinase

The relative activity of encapsulated pectinase was measured against
different temperature ranging from 30 �C to 60 �C. The polyacrylamide
gel encapsulation didn't change the relative activity of enzyme and
encapsulated pectinase performed higher activity at 45 �C similar to free
pectinase (Figure 3). Whereas, the relative activity of pectinase against
various temperatures was become higher after and encapsulated pecti-
nase mantained highest relative activities in various temperature as
compared soluble pectinase. The reduction of relative activity of soluble
pectinase at higher temperature is because of the conformational changes
of pectinase at higher temperature. The encapsulated pectinase faced less
conformational changes from temperature due to protective sheet of
polyacrylamide gel and retained greater relative activity at higher tem-
perature as compared to soluble pectinase which was exposed to tem-
perature directly [21].
3.5. km and Vmax values of encapsulated pectinase

The kinetic parameters (Km and Vmax value) pectinase of encapsulated
pectinase was measured using lineweaver-Burk plot to investigate that



Figure 3. Effect of different temperatures on the activity of polyacrylamide gel
encapsulated pectinase with comparison of free pectinase. Symbols (means �
S.E., n ¼ 6) having similar letters are not significantly different from each other
(Bonferroni test, P < 0.05).

Figure 4. A. Michaelis–Menten and reciprocal Lineweaver–Burk plots of polyacryla
of pectinase.

Figure 5. Thermal stability of polyacrylamide gel encapsulated pectinase at 30 �C
Symbols (means � S.E., n ¼ 6) having similar letters are not significantly different
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how the encapsulation effect the Km and Vmax values enzyme. The Km and
Vmax values of free provide information about the affinity between sub-
strate and enzymes, and these value determine the efficacy of supporting
material and method used for the immobilization [22]. The encapsula-
tion of polyacrylamide slightly changed the kinetic parameters of pecti-
nase and the encapsulated pectinase nearly gave close Km and Vmax values
with the comparison of pectinase (Figure 4). It indicates that the poly-
acrylamide gel encapsulation didn't affect the affinity of enzyme and
substrate due to having less steric obstruction effect on enzyme substrate
collusion, and flexibility of enzyme and substrate were maintained for
catalytic reaction [23].
3.6. Thermal stability of encapsulated pectinase

The stability of biocatalysts against temperature is very important to
tolerate the harsh environment conditions and the immobilization usu-
ally increased the stability of enzyme against temperature. The
mide gel entrapped pectinase. B. Michaelis-Menten and Lineweaver-Burk plot

(A); 40 �C (B); 50 �C (C) and 60 �C (D) with the comparison of free pectinase.
from each other (Bonferroni test, P < 0.05).



Figure 6. Recycling efficiency of polyacrylamide gel encapsulated pectinase in batch reactions. Symbols (means � S.E., n ¼ 6) having similar letters are not
significantly different from each other (Bonferroni test, P < 0.05).
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encapsulation of pectinase within polyacrylamide gel enhanced its cat-
alytic activity against various temperatures and encapsulated pectinase
showed higher relative activity as compared to soluble pectinase
(Figure 5). The rate of thermal deactivation of encapsulated pectinase
within polyacrylamide gel was minor than the soluble pectinase at
different temperatures. The encapsulated pectinase maintained 95% and
80% relative activity at 30 �C and 40 �C after 120 h, respectively. The
soluble pectinase lost its complete relative activity at 50 �C after 72 h,
whereas the encapsulated pectinase demonstrated more than 50% of its
original activity at same environment. The polyacrylamide gel increased
the rigidity of pectinase, so as compared to soluble pectinase the three-
dimensional structure of pectinase within polyacrylamide was less
affected at higher temperatures [24].

3.7. Reusabilty of polyacrylamide encapsulated pectinase

The recycling efficacy of immobilized enzymes play very imperative
role for its cost effective applications in various industrial preparation.
The reusability of polyacrylamide encapsulated pectinase was analyzed
Figure 7. SEM images of polyacrylamide gel after
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by measuring the activity of defined amount of encapsulated pectinase in
batch reaction (Figure 6). The encapsulated pectinase exhibited effective
recycling capability and maintained 90% of its catalytic activity after
reusing three times. The decreased of enzymatic activity is due to
leaching out of enzyme from the encapsulated polyacrylamide gel tablets
by washing of these tablets after each cycle. It is been concluded that the
polyacrylamide gel encapsulated pectinase could be re-utilize for number
of catalytic reactions and capable to manage multiple industrial prepa-
ration continuously.

3.8. Scanning electron microscopy

The scanning electron microscopy was performed for the evaluation
of topographical changes on polyacrylamide gel as well as to observe the
enzymes particles on gel. The surface topography of polyacrylamide gel
was changed after the encapsulation of pectinase and the surface of gel
with encapsulated pectinase appeared rough due to entrapment of en-
zymes particles within/on the gel as compared to normal gel which
appeared smooth (Figure 7). The surface topographical changes on
(A) and before (B) encapsulation of pectinase.
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polyacrylamide gel confirming the encapsulation of different molecules
of enzyme on to the porous structure of polyacrylamide gel.

4. Conclusion

Pectinase is the enzyme which involved in the degradation of pectin
into D-galacturonic acid and has several industrial applications. Encap-
sulation of pectinase using polyacryalmide gel is practically and
economically feasible technique to increase the stability of pectinase and
making it reusable for continuous industrial processes. The concentration
ratio of 9.5% and 0.5% of acrylamide and N,N0- methylenebisacrylamide
gave high percent yield of immobilization. The immobilization did not
alter the optimum temperature and pH of pectinase for enzyme activity,
but the optimum temperature and pH of immobilized enzyme were
broaden and showed greater level of relative activity as compared to free
enzyme. The affinity of substrate to the enzyme did not change so much
but the maximum reaction rate was apparently decreased after immo-
bilization. Polyacrylamide gel encapsulation enhanced the stability of
pectinase against different temperature and encapsulated pectinase
maintained higher residual activity at different temperature as compared
with free enzyme. The encapsulated pectinase managed its more than
80% relative activity after three times performance of catalytic reactions.
The appearance of rough surface with different entrapped particles of
enzymes in SEM image confirmed the encapsulation of pectinase within/
on the polyacrylamide gel. The encapsulation of pectinase within poly-
acrylamide gel is seem to be promising method to meet the industrial
needs of pectinase utilization.
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