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ABSTRACT

Amyloglucosidase (AMG. 200 L) was immobilized on chitin
polysaccharide as an inexpensive support and the kinetic
parameters of immobilized form were determined. The
obtained results indicated that the binding power of chitin
equals to 80.37 % of the glucoamylase units added. On the
other hand, the activity of bound enzyme was 89.27 % of the
soluble form.

The effect of substrate concentration on reaction velo-
city of this enzyme pointed out that Vaax and Xa for
immobilized enzyme were 1.340 mM/1, 0.0195 M while these
values for soluble form were 1.497 mM/1, 0.0143 M, respec-—
tively. The higher Ka value for immobilized enzyme may be
attributed to that the binding of chitin polymer to soluble
enzyme increased the affinity between the substrate and chi-
tin-enzyme complex. The optimum pH was 4.9 for immobilized
enzyme and 4.5 for the free form. The effect of temperature
on enzyme activity proved that the optimum temperature for
chitin-enzyme complex reached 70 °C and 60 °C for the free
form. The effect of enzyme concentration illustrated that
the reaction activity reached its maximum when the enzyme
concentration amounted to 15x10 3 Luy ml for both forms of
amyloglucosidase anzyme.

INTRODUCTION

Glucoamylase (E. C. 3.2.1.3) in soluble form is one of
the most widely employed industrial enzyme. However, the use
of this enzyme has been limited by difficulties such as, the
problems of its high cost due to isolation and purification
techniques for enzyme production, and the inability to reuse
or regenerate the enzyme (Demerdash, 1978).

Soares et al. (1984) mentioned that the high «cost for
the production and utilization of enzymatic catalysts may be
considerably diminished through enzymes immobilization on
solid supports Among others. this practice provides the
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following advantages: the immobilization confers the enzyme
a high resistance to denaturation; it enabbles the continu-
ous reutilization of the enzyme- support system. Also,
Soares et al. (1984) in another research work stated that
preliminary results with amyloglucosidase (AMG) immobiliza-
tion on chitin were attractive in comparison with other sup-
ports, such as sand, glass, microsepheres, feldspar, ceram-
ics, Merckogel, quartz, alumina, diatomite and chromosorb.
Therefore, additional studies should be carried out for the
optimization of chitin as a solid support for AMG immobili-
zation. Metry (1977) mentioned that chitin is a glucan poly-
saccharide. Structurally it closely resembles cellulose in
structure and is more insoluble and rigid with an acetamide
group 1in place of the equatorial hydroxyl. The glycosidic
linkage between the glucose units is (le-—-%4e).

Schafhauser and Storey (1992) immobilized amyloglucosi-
dase enzyme on granular chicken bone by noncovalent interac-
tions. The amount of activity bound relative +to an equal
amount of free enzyme was 13.6 + 0.4%.

Demerdash (1978) immobilized amyloglucosidase enzyme by
using Amberlite IR ( OH) resin. He observed that the immobi-
lized enzyme had slightly higher Ka value than free enzyme
while the optimum pH for immobilized form was 4.5 and the
latter one was 5.5 - 6.5. He added that the immobilized
enzyme had a narrow range of optimum temperature (65 - 70°C)
while the free enzyme had a wider range (55 - 75°C). Also,
Schafhauser and Storey (1992)found that the optimum tempera-
ture for free enzyme was 55°C and 70°C for immobilized form.

Rough et al. (1979) stated that the activity of this

enzyme could be affected by several factors, i. e., tempera-
ture, pH, enzyme concentration, time, and dry substances.
Aschengreen et al. (1979) recommended a saccharification

temperature at 60°C. At temperature lower than 60°C, the
activity of the enzyme was reduced and the risk of microbial
infection increased. The recommended pH range by Novo (1979)
with free amyloglucosidase enzyme was 4.0 - 4.5. The enzyme
dosage wused 1in the saccharification process is very impor-
tant since increasing the added amount of the enzyme might
lead to less amount of glucose as a net result owing to
retrogradation as described by Novo (1979). In addition, the
reverse reaction 13 catalyzed by high enzyme dosage of AMG,
and therefore, 1t 1s important to add a suitable dosage of
enzyme.
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The aim of the present work is to immobilize amylogluco-
sidase enzyme on the chitin as an inexpensive support and to
study the kinetic behavior of the immobilized enzyme, since
these parameters are very important form the industrial and

economical point of view.
MATERIALS AND METHODS

I : Glucoamylase enzyme (Amylogluosidase, AMG 200 L; E. C.
3.2.1.3.01-24 glucohydrolase) was supplied from Novo
Laboratories, INC., Danbury, U. S. A. This enzyme was in
a liquid form with an activity equals to 200 AGU / ml.
(one Novo amyloglucosidase unit hydrolyses one u mole of
maltose per min. at 25°C and pH 4.5).

II : Chitin support was prepared from crab shells according
to +the method described by Soares et al. (1984). The
support was activated by using hexamethylenediamine and
glutaraldehyde according to the method stated by Levy
and Fusee (1976).

Immobilization of glucocamylase anzyme was carried out by
the 1incubation of activated support with the enzyme accord-
ing to the procedure described by Soares et al. (1984). The
yield of AMG immobilization was determined from the amount
of immobilized protein on chitin.

Protein was determined by using PIERCE BCA (Bicincho-
ninic acid) reagent and albumin as standard according to the
method described by Smith et al. (1985). Protein assay
reagents were obtained from PIERCE Company, Uu. S. A.

The activities of free and immobilized enzymes were
determined using maltose solution according to the method
described by Attia and Ali (1974).

III : Effect of different parameters

III : I : Effect of substrate concentration on rection
velocity for free and immobilized amyloglucosidase
enzyme (AMC 200 L)

Different concentrations of maltose solutions i. e.,
0.2, 0.4, 0.6, 0.8, 1.0, 1.2, 1.4, 1.6, 1.8, and 2% in ace-
tate buffer (0.05M and pH 4.5) were used with enzyme dilu-
tion 0.15x10-? I.uylml for free enzyme and a quantity of
chitin-complex containing the same amounts of glucoamylase
in the case of immobilized enzyme. The incubation period was
30 min. at 60°C. The resulting glucose was colorimetrically
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determined by Somogyi method (1952). The activity was deter-
mined and expressed as reaction velocity.

III: II:Effect of pH on the activity of free and immobilized
amyloglucosidase enzyme

The reaction of free and immobilized enzyme was tested
at different pH values, i.e. 3.7, 4.1, 4.5, 4.9, 5.3, 5.7,
6.1, 6.5 and 6.9 using one ml of maltose soln. (1%) in ace-
tate buffer (0.05M) with the same above—-mentioned enzyme
concentration and the incubation period was 30 min. at 60°C.
The activity was determined by measuring the resulting glu-
cose as mentioned before.

III :III: Effect of’temperature on the activity of amylo-
glucosidase enzyme

The activity of free and immobilized glucoamylase enzyme

at different temperatures, i.e., 30, 40, 50, 60, 70, 80, 90

and 100°C was measured using one ml. of maltose solution

(1%) in acetate buffer (0.05M, pH 4.5), with the same above-

mentioned enzyme concentrations. The activity was estimated
as previously mentioned

III : IV : Effect of free and immobilized amyloglucosidase
enzyme (AMG 200L) concentration on reaction activity
Seven enzyme concentrations varying from 3 to 21x10 3

I.u/lml (free enzyme) and quantities of chitin - enzyme com-

plex <containing the same amounts of glucoamylase were used

to illustrate the effect of enzyme concentration on reaction
activity. The activity was determined as described by Attia

and Ali (1974).

RESULTS AND DISCUSSIONS

I : Immobilization process

The immobilization process was carried out by using the
method described by Soares et al. (1984), the obtained
results are illustrated in table (1). These results showed
that the binding power of chitin equals to 80.37%. i. e. the
total units of glucoamylase bound +to chitin surface was
80.37% of the glucoamylase units added. On the other hand,
the activity of bound enzyme was 89.27 % of that soluble
one. The decrement in the activity of immobilized enzyme may
be due to that the active sites of glucoamylase are the part
of the enzyme through which the enzyme is bound to the chi-
tin, or the bound glucoamylase has a conformational alter-
ation that affects the active sites.
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In general the obtained results indicate that amyloglu-
cosidase enzyme was immobilized on chitin. This conclusion
is in good agreement with that stated by Soares et al.
(1984) who mentioned that chitin revealed as a very effec—
tive support for glucoamylase immobilization through cova-
lent bonding. This may be due to the composition of chemical
structure and the high porosity of this material.

Table (1) Immobilization of amyloglucosidase enzyme on chi-

tin
é;;;;;hagaéaiirﬁnzyme in Bound enzyme
supernatant )
Total bound Bound- Activity of""
units enzyme% chitin-enzyme
complex
32 mg protein 6.25 mg  25.72 mg  80.37 89.21
/1lg chitin protein protein
- w_gglculatedv;;a perééﬁggge from added units.
*« calculated as percentage from the activity of original
enzyme .
II @ Effect of different parameters on the reaction velocity
of immobilized amyloglucosidase (AMG 200 L) enzyme
IT - I : Effect of substrate concentration

The effect of substrate concentration on reaction acti-
vity of soluble and immobilized amyloglucosidase (AMG 200L)
are shown in Table (2), and Fig. (1,A). From these results.
the wvelocity increased progressively with the increase of
the substrate until it reached a maximum reaction velocity
(Vmax) for soluble form 1.497 mM / 1 and 1.340 for immobi-
lized form. It is clear that the maximum (Vaax) of soluble
enzyme 18 slightly higher than immobilized enzyme. This
observation can be attributed to steric effect (Handa et
al.. 1982).

The Michaelis constant (Ke) 1is one of the most useful
and important parameter in understanding the behavior of
enzyme (Handa, 1982), consequently, Ka for soluble and
immobilized enzymes were determined and shown in Fig. (1
B). The values of Ka were 0.0143M (soluble enzyme) and
0.0195M (immobilized enzyme). The proportionally slightly
higher Ka value for immobilized amyloglucosidase enzyme may
be attributed to the binding of chitin polymer to soluble
enzyme increased the affinity between the substrate and
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chitin-enzyme complex. and hence higher K. can be observed.
This constant was once more determined by Lineweaver and
Burk (1954) technique, as shown in Fig. (1, C). The obtained
Ks wvalues were almost equal to that obtained firstly by the

half way of experimental curve.

IT : II : Effect of pH

The plot of pH values versus activity of the immobilized
and free enzymes may reveal the change in optimum pH of
immobilized in comparison with free enzyme and this is shown
in Table (3) and Fig. (2). The immobilized enzyme had a pH

optimum of 4.9 with maximum activity 12.75 umM /1 /min., as
compared to its soluble counterpart which had a pH optimum
of 4.5 with maximum activity 13.56 umM /l/min., respec—
tively. The obtained results are in good agreement with

those obtained by Demerdash (1970) and Soares et al. (1984).

The differentiation in optimum pH values of soluble and
immobilized enzymes may be due to the conformation changes
in the immobilized enzyme which occurred during immobiliza-
tion. Such explanation was introduced by Demerdash (1978),
who 1immobilized glucoamylase enzyme on Amberlite IR
-45—-(-0OH) resin.

It is worthy to mention that low value of optimum pH
(4.5 - 4.9) clearly indicates the importance of such acid
media to fit the nature of the active site in glucoamylase
enzyme. Underkofler et al. (1965) stated that the formation
of glucose from liquefied dextrin and maltose at lower pH
reduces colour formation in the resulted glucose syrup and
alids 1in preventing microbial contamination during the long
period (48 - 72 hrs.).

III : III : Effect of temperature

Table (4) and Fig. (3) show the effect of temperature on
the activity of free and immobilized amyloglucosidase (AMG
200L). The optimum temperature reached 60°C for free enzyme
and 70°C for immobilized form. These obtained temperatures
could be considered a balance between the increase of ini-
tial activity and destruction of the enzyme at high tempera-
ture, Plowman (1972), respectively. The slight change 1in
behavior of free and immobilized glucoamylase can be attrib-
uted to the change in physical characteristics of immobi-
lized enzyme. However, such values for optimum temperatures
were in good agreement with that obtained by Demerdash
(1978) and Schafhauser and Storey (1992).
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Table (3 ) Bffect of pH on activity ef free and immabilized

amyloglucosidase ( AMG 200 L ) enzyme

Obtained - D - glucose

Reaction activity

wmM /1 umM / 1 / min.
pH
free immobilized free immobilized
enzyme enzIyme enzyme enzymne
3.7 280.5 205.2 9.35 6.84
4.1 356.1 261.6 11.87 8.72
4.5 4o6 .8 300.9 13.56 10.03
bk.9 392.7 382.5 13.09 12.75
543 307.2 324.9 10.24 10.83
547 182.1 286.2 6.07 9.54
6.1 72.3 216.0 2.41 7.20
6.5 -— 118.8 — 3.96
6.9 -— 102.0 -— 3.40

Table ( 4 ) Effect of temperature en the reaction activity of free

and immobilized amyloglucosidase ( AMG 200 L ) enzyme

Obtained - D - glucose

Reaction activity

Temperature umM / 1 wmM / 1 / min .
c® fres dmmobf¥ized  foee dsmebilized
enzyme enzyme enzyme _enzyme

30 209.70  161.4 6.99 5.38
be 530.00 390.3 17.70 13.01
50 668.7 551.7 22.29 18.39
éo 740.4 6579 24,68 21.93
70 - 730.2 685.2 24 .34 22.84
80 s547.8 432.6 18.26 1 k2
90 365.7 221.4 12.19 7.38
100 / 252.3 123.6 8.41 L.12
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Table ( 5 ) : EBffect of enzyme concentration

glucoamylase ( Amyloglucosidas

on the reaction activity of

e AMG 200L )

Enzyme concentration Obtained-D - glucose Reaction activity
T.u. x 10 =/ m1 M /1 wnM / 1/ min.
free immobilized free | immobilized
enzyme enzyme enzyme enzyme
3 32.1 28.30 1.07 0.96
6 87.90 78.30 2.93 2.61
9 128.70 119.40 4,29 3.98
12 169.50 153,60 5.65 5.12
15 204,60 159.60 6.82 5.32
18 128.40 112.80 4,28 3.76
21 80.40 73.80 2.68 2.46
-~ o
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o u
T s
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[II : IV : Effect of enzyme concentration on reaction acti-
vity

The obtained results are shown in Table (5) and illus-
trated 1in Fig. (4). Seven enzyme concentrations ranging

between 3 to 21 I.ux10 3/1ml for soluble enzyme and quanti-
ties of chitin-enzyme complex containing the same amounts of
glucoamylase. The results indicated that there were an
increase in the activities for soluble and immobilized forms
till enzyme concentrations 15x10 3 I.u/lml. The reaction
activities reached 1its maximum 6.82 umM/l/min. for soluble
form and 5.32 umM/min. for immobilized enzyme, then it fall
down and reached 2.68 umM/l/min. and 2.46 umM/l/min. at the
highest concentration 1i.e.21x10 2 TI.uylml. The obtained
results are in agreement with that obtained by Foda (1987).
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