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Abstract: The purified and thermostable -amylase from soybean seeds was immobilized by entrapment on
agarose and agar matrices and their catalytic properties were compared. The optimum pH of -amylase
immobilized on both matrices was 7.0. The 1% of agarose (w/v) and 4% of agar (w/v) yielded an optimum
immobilization  of about 75 and 77% respectively. The K and V  values as determined from the GraphPadm max

Prism  Software  was  found  to  be  3.46  and  0.224  (for  agarose)  and 3.16 and 0.227 (for agar) respectively.
The reusability of agarose and agar immobilized enzyme was found to be upto 5 cycles. The effect of thiol
inhibitors and thiols on immobilized -amylase had been investigated. The easy availability of the purified
soybean -amylase  and  the  ease  of its immobilization on matrices of low cost makes it suitable for further
use in industrial applications. The application of the agarose and agar immobilized enzyme in removal of starch
stain from clothes was assessed.
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INTRODUCTION applications, textile desizing, paper industries, etc. [7,8].

In the present-day drive, enzymes have become immobilization of -amylase on various supports [9-15].
desirable catalysts, whose utilization has emerged as one Agarose is a neutral linear polysaccharide, extracted
of  the  chief  strategies  towards the more eco-friendly from the cell walls of certain Rhodophyceae algae, made
and energy- and material-saving chemical processes [1-3]. up of basic repeat units of agarobiose [a disaccharide
In spite of the broader use of enzymes, their advantages consisting of 1,3-linked D-galacto-pyranose and 1,4-linked
are constrained by a number of practical problems. 3,6-anhydro- -L galactopyranose]. Its chemical structure
Besides the high cost of enzyme isolation and gives agarose the capacity to form very strong gels even
purification, the main problem is their fragility or at low concentrations. Not only being an excellent matrix,
sensitivity to harsh environmental conditions which agarose has a high porosity, which leads to high capacity
results in limited operational lifetime of enzymes and for protein entrapment. Additional advantages of using
difficulty in their recovery in the active form after the agarose as a matrix are hydrophilic character, ease of
process for reuse [1, 4-6]. derivatization, absence of charged groups which helps in

The most successful and the commonest way to preventing non-specific adsorption of substrate and
overcome these constraints is the immobilization of products and also ease of commercial availability. In
enzymes [1, 4-6]. The most important in immobilization is addition, the low melting temperature of agarose (62-65°C)
that it leads to alteration of the original properties of is another major factor which favours its applicability.
enzymes which has remarkably opened the way for Agar  (more  correctly  agar-agar)  is a
customizing enzyme properties for their specific polysaccharide  consisting  of  agarose  which  has a
applications. strong gelling ability. It is acid stable and shows no

-amylases (EC 3.2.1.1) are of great significance in protein reactivity. Moreover, the cost of this material is
present  day biotechnology with applications ranging low as compared with other materials commonly used for
from food, baking, brewing, fermentation, detergent immobilization.

Recently many reports have been made regarding



World Appl. Sci. J., 13 (3): 572-577, 2011

573

-amylase has been purified to apparent The percentage immobilization is calculated as the
homogeneity from soybean seeds and has been (total activity in immobilized gel/total activity of the
characterized previously [16]. In the present study, an soluble enzyme loaded) X 100.
attempt has been made to use the simple procedure of
immobilization of -amylase on agarose and agar making Protein Estimation: Protein was estimated by the method
it a suitable product for its application as a detergent of Lowry et al. [17] with Folin-Ciocalteau reagent
additive in removal of starch stain from clothes. calibrated with crystalline bovine serum albumin.

MATERIALS AND METHODS Steady-State  Kinetics: The effect of pH on immobilized

3,5-dinitrosalicylic acid (DNS), agarose and agar was standard  assay  conditions. The optimum temperature
purchased from Sigma Chemicals Co. (St. Loius, MO, was determined by performing the activity assay at
USA). Potato starch was from Qualigens Fine Chemicals, different temperatures (5-100°C). The Michaelis constant
Mumbai. All other reagents were analytical grade values (K  and V ) were determined using GraphPad
chemicals either from BDH or E. Merck, India. Prism Software by non-linear regression (curve-fit).

Enzyme: -amylase   was   isolated   from  soybean Reusability  of   the   Agarose   and   Agar  Immobilized
(Glycine max) seeds, procured from the local market and -Amylase: The reusability of the agarose and agar
was purified to electrophoretic homogeneity as described immobilized -amylase was studied by assaying the
previously [16]. activity in the beads several times for starch hydrolysis.

Immobilization of -Amylase on Agarose and Agar Gel: as 100%, the beads were reassayed for enzyme activity.
A 1.0% agarose solution and 4.0% agar solution was After each activity assay, the beads were removed and
pepared in 25 mM sodium acetate buffer (pH 5.5) by washed thoroughly with distilled water prior to the
warming them at 50°C. After cooling down to room subsequent assay procedure.
temperature, a 1.0 ml enzyme (containing 0.44 mg
protein/ml) was mixed with 9.0 ml agarose and agar Effect of Thiols and Thiol Inhibitors: The effect of
solution (the  total  volume  of  matrix   and  enzyme different thiols (DTT, L-cysteine and ME) and thiol
mixture being 10 ml) and immediately casted on inhibitors  (NEM, IAA and pHMB) on enzyme activity
preassembled  glass   plates.   After   solidification at was observed with the varying concentration of these
room temperature, both  the  gel  was cut into small beads reagents in the reaction mixture and then assaying the
of 5 x 5 mm size and washed several times before use to enzyme activity. The activity assayed in the absence of
remove any enzyme attached to the gel surface. The these reagents was taken as 100% and residual activity
beads  were  stored  in  25  mM  sodium  acetate  buffer determined in their presence was calculated.
(pH 5.5) and at 4°C.

Immobilized  Enzyme  Assay:  For  assay of immobilized Removal: Stock solutions (2.0 g/l) of commercially
-amylase, agarose/agar bead (~2.2 µg protein/bead) available  detergents  like Surf Excel, Ariel, Rin, Tide,

suspended in 0.5 ml assay buffer (sodium acetate, pH 5.5) Ghadi  and  sodium  lauryl  sulphate (a major component
was incubated with 0.5 ml of 1% starch solution at 27°C of detergent) were prepared in distilled water. Anthrone
for 3 min and the reaction was stopped with 1 ml of 3,5- reagent (0.02%) was prepared in chilled concentrated
dinitrosalicylic acid followed by heating the reactants in sulphuric acid. Clean cotton cloth pieces of size 5x5 cm
a boiling water bath for 5 min and then cooling down to were stained with 0.2 ml aqueous starch solution and
room temperature. After addition of 10 ml of double subjected to wash treatments in separate flasks: 1) in
distilled water, the amount of reducing sugar (maltose) distilled water only, 2) in detergent only, 3) in detergent
produced  was  determined  spectrophotometrically at and immobilized -amylase, each flask being incubated at
540 nm. One unit of -amylase activity was defined as the 40°C for 20 min under continuous agitation (150 rpm).
amount of enzyme required to produce 1ìmol of maltose After incubation, the washing performance in each case
per minute from soluble starch at 27°C and pH 5.5 under was  determined. The cloth piece from each flask was
specified conditions. taken out and the volume of washout so left was made

-amylase was determined at pH values from 4.0 to 9.0 at

m max

Taking the activity of the first batch of starch hydrolysis

Application of Immobilized -Amylase in Starch Stain



0

20

40

60

80

100

120

4 5 6 7 8 9 10
pH

%
 R

el
at

iv
e 

A
ct

iv
ity

Soluble
Agarose
Agar

0

0.05

0.1

0.15

0.2

0.25

0 20 40 60 80 100

Temperature (0C)

A
bs

or
ba

nc
e 

(5
40

 n
m

)

Soluble
Agarose
Agar

World Appl. Sci. J., 13 (3): 572-577, 2011

574

upto 25 ml with distilled water. A 1.0 ml of these washouts
was  mixed with 2 ml of anthrone reagent in tubes and
then were placed in boiling water bath for 10 min and
cooled to room temperature. The color obtained was
determined spectrophotometrically at 630 nm. A standard
curve was prepared by taking varying concentration of
glucose in the range of 0-100ìg. The amount of glucose
produced was extrapolated from the standard curve. The
value of glucose was multiplied by 0.9 to convert glucose
value to starch.

RESULTS AND DISCUSSION

-Amylase Immobilization on Agarose and Agar: In immobilized -amylase. Relative Activity was
order to select the suitable concentration of matrix for calculated by taking the pH at which maximum
optimum immobilization, concentration of agarose was activity was obtained as 100%
varied from 0.5-2.0% and that of agar from 1-6% (w/v)
(Table 1). With 0.5% agarose, there was only about 24%
immobilization and the membrane was very fragile and
susceptible to damage during handling. At concentration
of 1%, stable agarose beads were obtained with optimum
immobilization of 75.3%. Further increase above 1%
resulted into decrease in percent immobilization and at a
concentration of 2% the solidification of the gel before the
addition of the enzyme resulted.

The optimum immobilization of 77% was obtained at
4% concentration of agar (w/v). At lower concentrations,
the beads were very soft and fragile giving very low
percent immobilization. However at concentration higher
than 4%, there was no increase in percent immobilization. Fig. 2: Effect of temperature on agarose and agar
At agar concentration of 6%, the gel got solidified before immobilized -amylase. The data represented are
the addition of enzyme. the mean of experiments done in triplicates

Therefore, 1.0% (w/v) agarose and 4.0% (w/v) agar
solution was employed for -amylase immobilization Steady-State  Kinetics:  Usually,  an  enzyme’s  behavior
studies, each bead containing ~2.2 µg of protein (with can be  modified  by  its  immediate  microenvironment.
about  <10%  leaching  in 25mM sodium acetate buffer The pH  optima  of  both  the  agarose  and  agar
(pH 5.5). immobilized -amylase  was  found  to  be  7.0  (Fig. 1)

Table 1: Percent immobilization with varying agarose and agar concentration
% Agarose (w/v) % Immobilization
0.5 23.6
1 75.3
1.5 53.35
1.75 20.1
2 Got solidified before the addition of enzyme
% Agar (w/v) % Immobilization
1 16
2 40
3 58.5
4 77
5 51
6 Got solidified before the addition of enzyme

Fig. 1: pH-activity profile of agarose and agar

(while  that  of  soluble  enzyme  was  5.5  [16]  i.e  there
was   a    shift    of    1.5    U   towards   the   basic  side).
For amylase immobilization, shifts in the optimum pH
towards both the acidic and alkaline directions has been
observed [18, 19].

The effect of temperature on both the agarose and
agar immobilized enzyme is shown in Fig. 2. The soluble
enzyme showed maximum activity at 75°C [16] while the
optimum  temperature  could  not  be  explored for both
the  agarose  and  agar  immobilized beads because of
their instability above 60°C. There are various reports
citing an increase in optimum temperature upon
immobilization [7, 20, 21, 22].
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Fig. 3: Reusability   of   agarose   and   agar  immobilized
-amylase Fig. 4a: Effect of thiols on agarose immobilized -amylase

The K  value is known as the affinity of the substrate on soluble enzyme). The data represented are them

for the active site of an enzyme and the lower value mean of  experiments done in triplicates
emphasize the higher affinity between enzyme and
substrate.

The K  and V  values were determined using them max

GraphPad  Prism Software by non-linear regression
(curve-fit).  It  was  observed  that  after  immobilization,
K  was increased from 2.42 mg/ml (Std. error: 0.22; foundm

in case of soluble enzyme, [16]) to 3.46 mg/ml (for agarose,
Std. error: 0.25) and 3.16 (for agar; Std. error: 0.24). The
V  was slightly higher for soluble (0.26) as compared tomax

agarose (0.224) and agar (0.227) immobilized enzyme. The
increase in K  values for immobilized enzymes has beenm

reported by various authors [18, 23-28]. This apparent
increase in K  might be due to changes in the accessibilitym

of the substrate to the active sites of the immobilized
enzyme as there are diffusional resistances due to the Fig. 4b: Effect of thiols on agar immobilized -amylase.
agarose and agar gel. The data represented are the mean of experiments

Reusability of the Immobilized -Amylase: The beads
retained activity upto 5 cycles (Fig. 3) showing a The effect of the thiol inhibitors (Fig. 5a, 5b) show
subsequent decrease in activity after every cycle which that there was no marked inhibition maintaining more or
may be due to enzyme denaturation and due to physical less about 70% residual activity at 10 mM concentration
loss of enzyme from the carrier [14]. indicating that the sulfhydryls of soybean -amylase are

Effect of Thiols and Thiol Inhibitors: An increase in involved in catalysis.
activity of the immobilized enzyme preparation similar to
the case with the soluble enzyme was observed with all Application of   the   Agarose   and   Agar  Immobilized
the thiols studied (Fig. 4a, 4b). The activation by DTT, L- -Amylase in Starch Stain Removal: The starch stained
cysteine and ME was about 2.5 fold, 2 fold and1.7 fold cotton cloth pieces were washed in detergents alone and
respectively (for agarose) and about 2.7 fold, 2.1 fold and in presence of immobilized -amylase and the starch
1.9 fold respectively (for agar). The reason behind this content removed from the cloth as washout was
activation might be that these added thiol reagents may determined. The higher amount of starch content in the
be protecting the –SH groups of the enzyme by being washout  indicates  better  washing.   In   distilled  water,
itself consumed by oxygen, thereby leaving the –SH all  gave  almost  similar  washing.  As  shown  in Table 2,
groups of the enzyme intact for the catalytic functions. the  washing performance of the detergents supplemented

(The embedded figure shows the effect of thiols

done in triplicates

intact in the catalytic site and not free to be directly
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Fig. 5a: Effect of thiol inhibitors on agarose immobilized
-amylase (The embedded figure shows the

effect of thiol inhibitors on soluble enzyme). The
data represented are the mean of experiments
done in triplicates

Fig. 5b: Effect of thiol inhibitors on agar immobilized -
amylase. The data represented are the mean of
experiments done in triplicates

Table 2: Colorimetric determination of starch content in the washout after

washing with various detergents alone and in the presence of

agarose and agar immobilized -amylase

Starch content (µg/ml)

--------------------------------------------------------------

Detergent + 

immobilized -amylase

Detergent used (2 g/L) Detergent alone On Agarose On Agar

Surf Excel 39 83 59

Ariel 28 58 47

Rin 38 76 62

Tide 35 73 63

Ghadi 27 80 63

Sodium lauryl sulphate 17 42 38

with immobilized -amylase was better as compared to its
performance with detergent only. This is based on the
property of amylases which are known to hydrolyze the
starch and thus removes the starch stain from clothes
freely and rapidly.

CONCLUSION

An easily available and inexpensive matrix with easy
immobilization procedure was used. Both the agarose and
agar matrix proved to be a good support for the enzyme
showing more or less about 75% immobilization. The
optimum pH of the immobilized enzyme was observed to
be 7.0 showing its potential for use in detergent
industries. The immobilized -amylase displayed a slightly
lower substrate affinity than free enzyme. The reusability
of the immobilized enzyme preparation showed its use in
continuous starch hydrolysis for upto 5 cycles. It was
found that immobilized -amylase improved the washing
efficiency of detergents by removing starch stains from
clothes thus finding potential application as detergent
additives.
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