
INTRODUCTION

α-Amylase (α-1,4-glucan-4-
glucanohidrolase, EC 3.2.1.1) is an enzyme that
catalyzes the bond breaking of α-D-(1,4)-glucosidic
bonds in amylum, glycogen and oligosaccharides.
This enzyme is widely applied in many industrial
processes, such as the production of sugar syrup.
In order to be used in industrial sectors, α-amylase
must accomplish some requirements such as having
high thermal stability and wider working pH1.

Few methods are usually applied in
attempts to increase the stability of native enzymes,
these include the immobilization process, chemical
modification and directed mutagenesis2. The use
of enzyme immobilization in industrial processes
are still widely applied since there are some benefits
of using it, other than that it can be used frequently
and continuously, the immobilization process also
increases the enzyme stability especially against
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ABSTRACT

The thermal stability increase of α-amylase obtained from locale bacteria isolate Bacillus subtilis
ITBCCB148 was achieved by immobilization process using an ionic exchange matrix of DEAE-Cellulose.
The result showed that the immobilized enzyme has an optimum temperature of 60°C; KM 14.8 mL
substrate and Vmax 42.4 U/mL. The thermal stability storage temperature of 60°C, pH 9.0 and 60 minutes
demonstrated the immobilized enzyme has residual activity of 28.1%; ki = 0.0224 min.-1; and ΔGi =
103.7 kJ mol-1.  Although the immobilized enzyme’s thermal stability was only increased 1.5 times,  at
higher temperatures, it was much more stable than the native enzyme.
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temperature. In the process of immobilization,
however, a decrease of enzyme activity is often
observed due to the interaction of enzyme with
substrate which is hampered by the insoluble
immobile matrix. Hence, the selection of suitable
immobile substance is very important, so that the
increase of enzyme stability can be achieved, while
the loss of its activity can be suppressed as much
as possible. Diethylaminoethyl cellulose (DEAE-
Cellulose) is one of the reagents that is frequently
used in the enzyme purification process, as the use
of this compound is able to increase the enzyme
stability, while at the same time it minimizes the
loss of enzyme activity. Previous investigation using
immobilization process and chemical modification
have successfully shown an increase in the enzyme
stability toward pH and temperature3-8. Based on
these facts, in this research the immobilization
process was chosen in an attempt to increase the
stability of α-amylase which was produced, isolated,
and purified from local bacteria isolate B. subtilis
ITBCCB148.
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EXPERIMENTAL

Materials
All chemicals used were of high grade (pro

analysis) materials. Local bacteria isolate B. subtilis
ITBCCB148 was obtained from the Microbiology
and Fermentation Technology Laboratory, Chemical
Engineering Department, Bandung Institute of
Technology, Bandung, Indonesia.

The production, isolation and purification
of α-amylase was done based on the procedure
describe previously9.

Activity test of a-amylase and determination of
protein content

The activity of α-amylase was performed
by iodine method10 and by the use of dinitrosalicylic
acid reagent11. The content of protein was performed
by the method described in Lowry et al.12.

Immobilization of purified enzyme with DEAE-
Cellulose13

To determine the pH binding, a certain
amount of ready stock DEAE-Cellulose was
transferred then stabilized at various pH is using
buffer of tris HCl 0.1 M with pH variation of 6; 6.5;
7.0; 7.5; 8; 8.5; 9.0; and 9.5.   0.5 mL enzyme was
then added to each of the solution prepared and
eluted with the suitable buffer for each pH and mixed
for 5-10 minutes. The mixture was then left aside to
precipitate out the DEAE-Cellulose and then
decanted. The activity test was taken on the
supernatant, and the protein content was also
determined. To know at what pH the purified enzyme
was bound, it was eluted at eluting the bound
enzyme by varying pH’s and based on the ionic
strength.

The characterization of enzyme before and after
the immobilization process

The characterizations of enzyme before
and after the immobilization process were
determined using the following methods:

Determination of optimum temperature
Determination of optimum temperature of

enzyme before and after immobilization was carried
out by varying temperature to 55, 60, 65, 70, 75
and 80oC.

Determination of KM and Vmax. values
The Michaelis-Menten (Km) and maximum

rate reaction (Vmax) of the enzyme before and after
immobilization was performed by varying substrate
(amylum solution) concentration at 0.1; 0.2; 0.4; 0.6;
0.8; 1.0; 1.25 and 1.5%.

The thermal stability test14

The thermal stability test was performed
by measuring the residual activity of the enzyme
after it has been incubated for 0, 10, 20, 30, 40, 50,
and 60 minutes at the optimum temperature. The
initial activity of the enzyme (without the heating
process) was given the value of 100%.

Determination of half-life, ki and ΔΔΔΔΔGi
Determination of ki value (constant value

of thermal inactivation) of purified and immobilized
enzyme was done using the equation of first order
inactivation kinetic as in Eq. (1)15.

ln(Ei / E0 ) = -ki t ...(1)

The energy change due to denaturation
(ΔGi) was done using Eq. (2)15.

ΔGi  =  -RT ln(kih/kBT) ...(2)

RESULTS AND DISCUSSION

Determination of optimum temperature of
enzyme before and after immobilization

% activity of enzyme before and after
immobilization at various pH’s is shown in Fig. 1.

The optimum temperature of the purified
and immobilized enzyme was found to be the same,
which is 60°C.  Similar previous studies also
reported that the chemical modification and
immobilization process did not always cause a
change in the optimum temperature4,15,16.  Although
the optimum temperature did not change, however,
the stability of the enzyme has increased due to
the immobilization process, especially at higher
temperatures, 70-80oC. The activity of purified
enzyme at 65oC was 91.1%, while the immobilized
enzyme has activity of 97.4%.  At higher
temperature, 75 and 80oC, the immobilized enzyme
has activity of 78.4 and 71.7%, respectively, while
the purified enzyme has activity of only 9.9 and
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Fig. 1: Optimum temperature of enzyme before and after immobilization

Fig. 2: Lineweaver-Burk graph of purified ααααα-amilase

Fig. 3: Lineweaver-Burk graph of immobilized a-amilase
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2.8%, respectively.  This is because the
immobilization process has caused the rigidity of
the immobilized enzyme to increase; as a result it
was more tolerant of temperature.

Determination of kinetic data
The graphs of determination of KM and Vmax

values are shown in Figures 2 and 3.

Based on the Lineweaver-Burk graph in
Figure 2, the Vmax value of purified enzyme was 204
mmol mL-1 min.-1 and the KM value was 4.08 mg
mL-1 substrate, whereas the immobilized enzyme
has Vmax and KM values of 42.4 mmol mL-1 min-1,
and 14.8 mg mL-1 substrate, respectively (Figure
3).  These results indicated that the Vmax value of
purified enzyme was very much different to that of
the immobilized enzyme. The sharp decrease of
the Vmax value in the immobilized enzyme was due
to the steric hindrance of the insoluble immobile
matrix, so the substrate interaction was hindered.
The KM value of purified enzyme also showed
discernible value to that of the immobilized enzyme.
This is because the effect of the immobile substance
caused the immobilized enzyme affinity toward

substrate to decrease, so the activity was also
sharply decreased. The decrease of enzyme activity
before and after the immobilization process is
presented in Table 1.

The great decrease of enzyme activity in
the immobilization process was similar to data
previously reported where â-amylase, which was
modified by silica, was decreased by 57%4. Gaertner
and Puigserver have also repor ted similar
observation on the enzyme activity of trypsin which
was modified by PEG, where the immobilized trypsin
was decreased 10 times compared to the non
modified one17. This effect also caused the decrease
of autolysis rate for the modified enzyme, as a result
the enzyme stability was also increased.

The enzymatic conversion of amylum to glucose
using the immobilized enzyme with repeat use

The enzymatic conversion of amylum to
glucose using immobilized enzyme is shown in
Figure 4.

From Figure 4 it is clear that the
immobilized enzyme still has high activity even after

Table 1: The decrease of enzyme activity by the
immobilization process with DEAE-Celullosa

Enzyme Volume Activity Yield
(mL) (u mL-1) (%)

Before immobilization: Purified enzyme 5 45.6 100.0
After immobilization:
DEAE-Celullosa-amilase 5 21.6    47.4

Table 2: The energy change due to denaturation (ΔΔΔΔΔGi), half-life
(t½), and ki values of enzyme before and after immobilization

Enzyme ki .min.-1 t½ (menit) DGi  kJ.mol-1

Purified 0.0299 23.2 102.9
Immobilized 0.0224 30.9 103.7

it has been used 6 times. Its activity was
approximately 51.9%. This result illustrated that the
use of immobilized enzyme was still effective for
enzymatic conversion of amylum to glucose,
although in the process of immobilization, there was

activity loss of about 52.6%.

Thermal stability of the enzyme
The residual activities of the purified and
immobilized enzymes were determined by
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incubating each enzyme for 60 minutes at 60°C. At
certain interval times,   the activity of each enzyme
was determined. The graph of thermal stability tests
of the enzymes is shown in Figure 5.

Figure 5 showed residual activity of each
enzyme at 60°C and pH 9.0 for 60 minutes.  The
purified enzyme has residual activity of 16.1 %,
whereas the immobilized enzyme has 28.6%. This
data informed us that the immobilized enzyme has
thermal stability higher than that of the purified one.

The constant of thermal inactivation rate (ki),
half-life (t1/2), and energy change due to
denaturation

The values of constant of thermal

inactivation rate (ki), half-life (t1/2), and energy
change due to denaturation of purified and
immobilized enzymes are presented in Table 2.

The half-life of immobilized enzyme was
increased 1.5 times higher compare to the purified
one, while the activity recovery was 47.7%. Stahl
reported that thermal stability of enzyme was
determined by finding the half-life of the enzyme18.
The increase of half life of the immobilized enzyme
used in this research was about the same as with
other data reported by others where the half-life of
the enzyme was increased from 12 hours to 25
hours, while the enzyme activity recovery was
21%19. The modified enzyme with modification
degree of 68% was able to increase the half life of

Fig. 4: The use of immobilized enzyme repeatedly

Fig. 5: Thermal stability presented as graph of residual activity (%) of
enzyme before and after immobilization at 60°C and pH 9.0 vs time
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the enzyme to 60 hours and activity recovery of
13%.  The result showed that the immobilized
enzyme was able to increase the half life of the
enzyme similar to other data18, however, the activity
loss of the immobilized enzyme with DEAE-
Cellulose was much better.

The ΔGi of the immobilized enzyme was
increased compared to that of the purified one. The
low ΔGi value indicated that the enzyme was more
flexible in solution which caused the denaturation
of the enzyme which will occur more easily and have
much higher activity, and vice versa.

It can be summarized that the
immobilization process of α-amylase obtained from
locale bacteria isolate B. subtilis ITBCCB148 with
diethylaminoethyl Cellulose (DEAE-Cellulose) was
successfully able to increase the stability of the
enzyme at higher temperature, although the thermal

stability was only increased 1.5 times. The repeat
use of immobilized enzyme was also by far better
than that of the purified enzyme. Attempts to
increase stability of the enzyme used in this
research will also be done with other immobile
substances such as carboxy methy celullose (CMC)
or local immobile substances such as bentonite and
zeolite, two local clay minerals, in Indonesia.
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