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Abstract

Glutaraldehyde crosslinked chitosan - silica nanobeads have been used as a support in the immobiliza-
tion process of pepsin. The effect of pH, pepsin concentration, and temperature on the characteristics of
both free and immobilized pepsin had been investigated in this study. The results showed that the im-
mobilized pepsin has wider pH range, better capacity, performance and stability to high temperatures
compared with those of free pepsin. The immobilized pepsin can be used for 8 to 10 times at which the
activity remains 20%, whereas the free pepsin can only be used once. These results suggested promis-
ing applications of immobilized enzyme as biocatalyst. © 2014 BCREC UNDIP. All rights reserved.
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1. Introduction

The unique characteristics of enzymes, such
their catalytic ability and specificity on sub-
strates have driven the utilizations of enzymes
in many applications. Enzymes are widely used
in industries, such as in food and beverages,
milk, cosmetics, pharmaceutics, paper, leather,
and detergents, which 59% of them use prote-
ase. Pepsin is one of proteases [1-3]. Pepsin can
break protein into water soluble fragments,
called pepton. Pepsin are often used as rennin
substituent in certain cheese production [4,5].
In leather industry pepsin is used to remove oil
and fat from the leather to make it softer.

Chemical synthesis in laboratories and
industries involving pepsin often conducted by
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treated the substrates with enzymes that
soluble in water so that they were mixed each
other. The usage of soluble enzymes have some
drawbacks. They are difficult to be separated
from the substrates and products. The
separation process was usually done by heating
or changing the acidity (pH) that can
denaturate the enzyme. Soluble enzymes are
also unstable so it is difficult to be reused them
after reaction. Nowadays most reseachers use
immobilized enzymes in industrial bioprocesses
[6] by binding the enzymes with supports that
are not dissolved in water. Those enzymes can
form 1onic or covalent bond, crosslinking, or en-
trapped on the supports [7]. The immobilized
enzymes enable the separation of the enzyme
catalysts easily from the mixtures so that they
can be reused and can decrease the cost of the
enzymes purification [8]. There are three of the
most common methods used to immobilized en-
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zymes, i.e. physical adsorption, entrapment
(encapsulation) and cross linking, or covalently
binding to a support [6,9]. A water insoluble
polysaccharides, such as cellulose, starch, aga-
rose and chitosan and proteins (gelatin and al-
bumin), have been widely used as supports for
immobilizing enzymes [10,11]. Some supports
that can be used for immobilized enzymes are
silica alumina [12,13], alginate [14], silica [15],
chitosan bead-glutaraldehyde [16], chitosan sil-
ica-metal ion [17] and other synthetic and
natural polymers.

Chitosan is one of natural polymer derived
by deacetylation of chitin. When the pH of the
solution is lower than its pKa, chitosan acts as
a water soluble polyelectrolyte. However, when
the pH is higher than its pKa, chitosan is not
soluble in water. Chitosan has excellent film
forming ability, biocompatibility, nontoxicity,
high mechanical strength, cheapness and a sus-
ceptibility to chemical modifications [18]. Previ-
ous research on the use of metals ion (Ca2t,
Mg2+, Zn2+, and Cu?2+) as crosslinking agents on
chitosan bead to immobilized papain, showed a
slight decrease of enzyme activity and limited
reusability when Ca?* and Mg?+ were used as
crosslinking agents. In contrary, significant de-
crease of immobilized enzyme activity and high
reusability were observed when using Zn2* and
Cu2+ were used as crosslinking agents [19].

The objectives of the present study are to
evaluate the immobilization processes of pep-
sin on chitosan - glutaraldehyde - silica sup-
ports and to evaluate the activity of the immo-
bilized pepsin as affected by pH and tempera-
ture, measuring the thermal stability and reus-
ability of the enzyme.

2. Materials and Methods
2.1. Chemicals

Materials used in this research are Porcine
pepsin (E.C. 3.4.23.1), chitosan with degree of
deacetylation of 85%, glutaraldehyde, tyrosin,
Bovine serum albumin (BSA, molecular mass=
67000 Da), Silica gel (100-200 mesh size) pur-
chased from Sigma Chemical Co., St Louis,
MO, USA, sodium citrate, sodium hydroxide,
hydrochloric acid, citric acid, acetic acid glacial,
and trichloroacetic acid (TCA) were purchased
from Merck AG, Darmstadt, Germany. Demin-
eral water was purchased from PT Dianum In-
donesia. All chemical are pro analysis grade
(p.a). This research used immobilized pepsin in
chitosan silica using glutaraldehyde as a
crosslinking agent.

2.2. Preparation of Chitosan-Silica
Supports using Glutaraldehyde
Crosslinker

Chitosan-silica nanobeads supports were
prepared by dissolving chitosan powder into 2%
of acetic acid in magnetic stirred the solution
for two hours. The chitosan solution was then
mixed with silica (1:2) and followed by vigorous
stirring to obtain homogeneity. The chitosan-
silica solution was then added to 2 M of sodium
hydroxide solution containing ethanol droplet
to form chitosan silica nanobeads. The sub-
stance obtained was filtered and evaporated at
room temperature to achieve rigidity. Then, it
was immersed in 5.5 % glutaraldehyde (v/v) for
24 hours. The supported chitosan silica nano-
beads with glutaraldehyde crosslinker was neu-
tralized using demineralized water, filtered,
and dried at room temperature. The support
was analyzed using Fourier Transform Infra-
Red Spectrophotometer using wave number
from 400 to 4000 cm-1.

2.3. Bradford Method for Protein Content
Determination

Concentration of soluble protein was deter-
mined using Bradford protein assay in which a
differential color change of dye occurs in re-
sponse to various concentration of protein. The
absorbance maximum for an acidic solution of
Coomassie R Blue G-250 dye shifts at 595 nm
when binding to protein occurs. The Coomassie
R Blue G-250 dye binds primarily basic and
aromatic amino acid residues especially argin-
ine. Protein concentration was determined us-
ing Bradford dye binding assay [20] with BSA
as standard. The sample (25 pl) was mixed
with 750 pl Bradford reagent and the absorb-
ance at 595 nm was measured after 15 min of
incubation at 25 °C. Calculation of the protein
concentration was done using the BSA calibra-
tion curve in the range of 0-0.9 mg/ml.

2.4. Determination of the Activity of Pep-
sin

A 0.5 ml of casein at a concentration of 10
mg/ml was put into a test tube, added by 2.5 ml
of buffer phosphate at pH 4, while 0.25 ml of
pepsin was put into another test tube. Both test
tubes were preincubated at 45 °C for 10
minutes. After preincubated the free pepsin
has been put into the tube containing buffer
and casein, then incubated at 45 °C for 10
minutes. After 10 minutes the enzymatic
reaction has been stopped by adding 1 ml of
TCA 10%. The sample, chitosan silica
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nanobead support was centrifuged at 3000
RPM for 5 minutes. The filtrate was then
separated from the residu and analyzed using
Spectrophotometer UV-vis at A 280 nm.

2.5. The Effect of pH on Immobilized Pep-
sin Process

A 0.1 gram of chitosan silica nanobeads
support was put into acontainer then added by
20 mg/ml of pepsin until 10 ml then mixed in a
shaker waterbath for 12 hours. The procedure
was repeated using different pH varied from 4
to 8. After 12 hours the residu was filtered off
using 0.45 pm of filter paper. The filtrate was
analyzed using Bradford method [20] and the
concentration of protein was determined using
spectrophotometer UV-vis. The number of im-
mobilized pepsin was calculated based on the
differences between the initial concentration
and the concentration of pepsin remained in
the solution.

2.6. The Concentration Effect of Pepsin
on Immobilized Pepsin Process

A 0.1 gram of chitosan silica nanobeads
support was put into a container then added by
pepsin varied from 5 mg/ml to 35 mg/ml at pH
4. The volume of each solution was 10 ml.
Sample was mixed using shaker water bath for
12 hours, then filtered using 0.45 pum filter
paper. The filtrate was analyzed using
Bradford method [20] and the concentration of
protein was determined using spectrophotome-
ter UV-vis. The number of immobilized pepsin
was calculated based on the differences be-
tween the initial concentration and the concen-
tration of pepsin remained in the solution.

2.7. The Temperature Effect on the Activ-
ity of Free and Immobilized Pepsin

Pepsin was treated with the substrate at
buffer pH 4 and allowed to stand for 10
minutes using different temperature ranged
from 30 °C to 80 9C. After 10 minutes the
reaction was stopped by adding 1 ml of 10%
TCA, then the solution was centrifuged. The
filtrate was analyzed using Spectrophotometer
UV-vis at A 280 nm.

2.8. The Thermal Stability of Free and Im-
mobilized Pepsin

The thermal stability of both free and immo-
bilized pepsin has been observed by incubating
them at temperature variation from 30 °C to 80
0C for 2 hours. After that each enzyme was
treated for determining effect of temperature

as describe in procedure 2.6.

2.9. The Enzymatic Kinetic of Free and Im-
mobilized Pepsin

Both free and immobilized pepsin were used
separately for kinetic study using casein as a
substrate with concentrations varied from 5 to
50 mg/ml at buffer pH 4, temperature of 45 oC
for 10 minutes. After exposure the reaction was
stopped by adding 1 ml of TCA 10% and fol-
lowed by centrifugation. The filtrate was ana-
lyzed using Spectrophotometer UV-vis at A 280
nm. The kinetic enzymatic of free and immobi-
lized pepsin was examined using Lineweaver-
Burk equation.

2.10. The Reusability of Immobilized Pep-
sin

This test was conducted only for the immo-
bilized pepsin as the free pepsin can only be
used once. About 0.1 gram of immobilized pep-
sin was tested with 1 ml of casein substrate of
10 mg/ml. Then, 2.5 ml of buffer phosphate at
pH 4 was added and temperature was kept at
45 oC for 10 minutes. After exposure the reac-
tion was stopped by adding 1 ml of TCA 10%
and followed by centrifugation and filtration.
The filtrate was analyzed using Spectropho-
tometer UV-vis at A 280 nm. The residue was
washed using 0.05 M of HCI for removal of the
substrate remained. The activity of the immobi-
lized pepsin was re-examined using new casein
substrate, and the procedure was repeated un-
til low activity of the immobilized pepsin was
obtained.

3. Results and Discussion

Pepsin has been used especially in the food
industry as a milk coagulant to make cheese.
Many studies on immobilization pepsin have
been reported [4,11,12]. Analysis of functional
group of chitosan silica nanobeads glutaralde-
hyde support showed that there are absorption
at the wave number of 1574 cm-! (C-N vibra-
tion) and at 1612 cm-1(C=N vibration) which
represented the binding of chitosan-silica with
the glutaraldehyde crosslinker and the binding
of amino-pepsin group with glutaraldehyde,
respectively

3.1. The Effect of pH on Immobilized Pro-
cess

Figure 1 shows the effect of pH of
immobilization process of pepsin on chitosan
silica  glutaraldehyde. The number of
immobilized pepsin was proportional to the
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increasing of pH. On the pH closed to the
isoelectric point, about 4.5, the number of
immobilized pepsin increased sharply and
reached the optimum condition at the pH 5. On
a pH above the isoelectric point, the enzyme
was on —-NHst and —-COO-. This condition
allowed the pepsin to interact with the
crosslinker at two different poles that produce
the maximum interaction.

3.2. The Immobilized Capacity

Figure 2 shows the effect of pepsin
concentration toward the immobilized capacity.
The number of immobilized pepsin increased as
the concentration increased, and reached the
equilibrium at 25 mg/ml. It was assumed that
all active sites of the support has been satu-
rated with the pepsin.

The capacity of the immobilized pepsin on
the support has been analyzed using Langmuir
isoterm equation:

[Ce] 1

[Q]  k[Q]max

,_Icd]
[QImax

1

where [Ce] and [Q] represent the equilibrium
concentration of pepsin and the adsorbed
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Figure 2. Effect of pepsin concentration on
immobilized capacity

activity per gram weight of support, respec-
tively; [@]max represents the maximum pepsin
activity adsorbed per gram weight of support; %
is the adsorption-desorption equilibrium con-
stant related to the binding energy (E). Data of
Langmuir isotherm equation showed the value
of Q[max] was 56.10-4 mol/g; k was 785432,93 9
(mol/l); E was 54,87 kJ/mol; R2= 0,9981.

3.3. The Effect of pH on the Activity of
Free and Immobilized Pepsin

The activity of immobilized pepsin has been
affected by pH. Figure 3 shows the effect of pH
toward the enzymatic activity of both free and
immobilized pepsin. The activity of free pepsin
reached the maximum value at pH 4, then go-
ing down and decreased sharply at pH 7 to 8,
whereas the enzymatic activity of the immobi-
lized pepsin reached the maximum value at pH
4 and degrees slowly to pH until 8. This fact
showed the advantage of using immobilized
pepsin in laboratory and industrial processes
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Figure 3. Effect of pH on activity of free pepsin
and immobilized pepsin

120 ~
100
80 -

60

activity (%)

40 -

20

30 35 40 45 50 55 60 65 70 75 80
temperature (oC)

—a— free pepsin —e— immobilizec

Figure 4. Effect of temperature on the activity
of free and immobilized pepsin
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because of its flexibility.

3.4. The Effect of Temperature on Activi-
ties of Free and Immobilized Pepsin

Temperature has a great effect on the
enzymatic reaction of pepsin. Figure 4 showed
that the free pepsin reached the maximum ac-
tivity at 40 °C, then decreased sharply as the
temperature increased. Whereas the activity of
immobilized pepsin reached the maximum ac-
tivity at 50 9C, then decreased gradually. This
facts showed that the immobilized pepsin is
more stable in high temperature because its
supporting material protected the immobilized
pepsin from denaturation process. Most of the
industrial process need high temperature, so
the immobilized pepsin is more readily to be
used.

3.5. The Thermal Stability of Free and Im-
mobilized Pepsin

One parameter to determine the quality of
the immobilized enzyme is thermal stability of
the enzyme produced. The pepsin has been
exposed to the temperature of 30 °C to 70 °C for
two hours, before treated with substrate. Fig-
ure 5 showed that the immobilized pepsin has
better thermal stability than the free pepsin.
During the immobilization process the active
site of pepsin form the covalent coordination
bonds with the active site of the supports. The
process involving this covalent bond produces
enzyme that has good thermal stability, but its
bonding may not be overweening because it
causes degradation of very sharp activity. It
can be expected that the immobilization proc-
ess will improve the characteristic of pepsin
without decreasing its activity sharply. Immo-

100 A

80 1

activity (%)

40 -

0 T T T T T T T T T T T
0 10 20 30 40 50 60 70 80 90 100 110
temperature (oC)

—e—free pepsin —&—immobilized pepsin

Figure 5. The thermal stability of free and
immobilized pepsin

bilization pepsin on chitosan silica glutaralde-
hyde caused increasing in pepsin rigidity which
is commonly reflected by stability towards de-
naturation by raising the temperature.

3.6. The Kinetic Parameter of Pepsin

The kinetic parameters that changed due to
the immobilization process are KM and VMax,
which reflect the affinity of an enzyme on a
substrate. The smaller the value of KM shows
the higher affinity of an enzyme on a substrate,
and vice versa. Jiamin [16] reported that the
immobilization of tripsin increased the value of
KM, but decreased the value of VMax. Data
presented on Table 1 showed that the immobi-
lized pepsin has greater values of KM than free
pepsin. The supports used for immobilied the
pepsin blocks it from interacted with the sub-
strate so the affinity decreased and the VMax
increased. It is assumed that on immobilized
pepsin there are conformation changes because
of the bonding between the active sites of pep-
sin with those of glutaraldehyde and chitosan
silica nanobeads.

Table 1. Data of kinetics parameter of free and
immobilized pepsin

The value of Kn and VMax

Enzyme KM (mg/ml) Vmax (U/mg)
Free pepsin 4.158.102 5.143.10-2
Immobilized 6.282.10-2 4.4187.102
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Figure 6. The reuse number of immobilized
pepsin
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3.7. The Reusability of the Immobilized
Pepsin

Another parameter of enzyme quality is its
ability to be reused. The immobilized enzyme
cannot be mixed with the substrate or the
product so at the end of the process the enzyme
can be re-obtained easily and can be used
multiple times. The more frequent it can be
reused, the better its quality. The quality of the
immobilized pepsin produced in this research
has been tested and the results are presented
on Figure 6. The graph showed that the immo-
bilized pepsin can be reused for 8 to 10 times.
The pepsin immobilized retained a specific ac-
tivity of 81% after first reuse and the activity
still remains 20% after used for 10 times. This
phenomena brings an advantage over using
free pepsin.

4. Conclusions

Based on the results, it can be concluded
that the immobilized pepsin on chitosan silica
nanobeads supports with glutaraldehyde as
cross-linker reach the optimum condition at pH
of 5, with the immobilized capacity of 56.10-4
mol/g. The NH2group has more dominant role
in the process of enzyme than the OH group. As
a cross-linker, glutaraldehyde increases the
supports stability so that the immobilized
pepsin produced has higher temperature
stability, wider pH range, and more reusability
compared with those of free pepsin. Although
the performance activity of the immobilized
pepsin decreased with the number of usages, it
still can be used for 8-10 times with specific
activity 20% after 10 times use so its total
activity is higher than that of free pepsin. This
immobilized enzyme characteristics suggests
wider applications in industrial field.
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