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INTRODUCTION

The rates of enzyme catalyzed re-
actions typically increase in Arrhenius
fashion near the enzyme natural tem-
perature, but increasing temperature
eventually results in rapid decline in
enzyme activity. Thermal deactivation
of enzyme may involve both reversible
and irreversible processes. When the
temperature is kept constant,a num-
ber of enzyme systems are found to
be irreversibly denatured with time, of-
ten following approximately a first-
crder decay law(l). If the heat stability
of an enzyme is enhanced by immobil-
ization, the potential utilization of such
enzymes will be extensive(2,3). In this
work the thermal deactivation rate
measurements were reported for both
the free and immobilized forms of cat-
alase.
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MATERIALS AND METHODS
Crystalline Bovine liver catalase
was purchased from Sigma Chemical
Company. The enzyme was immobi-
lized on nonporous glass beads using
the method of Malikkides and Wei-
land(4),catalase activity was deter-
mined using the oxygen electrode(S).
The deactivation experiments were
carried out in 150 ml stoppered flasks.
Temperatures in the range from 60-70
were maintained constant and the en-
Zyme was exposed for periods up to
50min. Catalase was placed in citrate
phosphate buffer (pH 7) in the ab-
sence of hydrogen peroxide, then as-

sayed for remaining activity at 25°C.

Deactivation is first order if :
dE/dt = - kK4E {n

which in integrated form is:
In E(t)/E(0) = - kqt (2)
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where Kkq is the denaturation rate
constant(thermal deactivation rate
constant) and E is the enzyme activity
in 1U/g of support for the immobilized
enzyme or U/ml of solution for the
soluble form.The plot of In Et)/E(o)
versus time gives a straight line from
which the denaTuration rate constant
can be determined.The suggestion
that the deactivation behavior obeys
the Arrhenius Kinetics was also test-
ed. This means that the temperature
dependence of kd is given by :

kd = Aexp ( -Ed4/RT) (3)

where Eq is the deactivation ener-
gy, A is the frequency factor, R is uni-
versal gas constant and T is the abso-
lute temperature. The logarithmic form
of equation (3} is :

nkd =- Eg/RVT +InA (4)

A plot of In kg versus VT yields a
straight line with a slope equal to -Eg/
R from which the deactivation energy
can be calculated.

RESULTS
A plot of In E(t)/E(0) % versus time
for the immobilized enzyme is shown
in Fig. (1). The remaining enzyme ac-
tivity in all cases was the mean of
three measurements with a maximum
standard deviation of (x 5%). The
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deactivation of soluble and immobi-
lized forms is compared in Fig.(2) for a
tetnperature of 62°C. The rate con-
stants for deactivation for both forms
are shown in Table (1). In Fig. (3) the
rate constants of Table (l)are plotted
in the form suggested by equation (4).

DISCUSSION

The catalytic activity of enzymes
increases with temperature as in case
of usual chemical catalysis. However
as enzymes consist of protein and are
generally unstable to heat, the en-
zyme reaction cannot be practically
carried out at high temperature. 7.
heat stability of many immobilized en-
zyme has been studied, and there are
examples shwoing increases, no
change and decreases of heat stability
on immobilization.

I the present results, the first or-
der behavior is immediately apparent.
This is in agreement with the observa-
tion of Wasserman et al., (6), and Ya-
mamoto et al{7). The Immabilized en-
zyme showed reduced sensitivity to
thermal deactivation over the soluble
form. Enhancement of heat stability by
immobilization has been observed for
many enzymes, but no correlation be-
tween heat stability and immobilization
method has been established(8,910°).
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Chibeta(ll) found that the heat stability
of mold aminoacylase immobilized by
ionic binding with DEAE-Sephadex,
alkylation with iodoacetyl cellulose
and entrapping with polyacrylamide
gel increased considerably compared
with that of the native enzyme. The
soluble aminoacylase was almost
completely inactivated by heat treat-
ment at 70°C for 10 min, while the re-
maining activities of DEAE-Sephadex-
aminoacylase, iodoacetyl cellulose-
aminoacylase and polyacrylamide ge-
laminoacyiase after similar treatments
were 90%, 50% and 30% respective-
ly.Enhancement of heat stability was
also observed in pronases immobi-
lized by using ethylene-malic anhy-
dride copolymer and CNBr-activated
cellulose(2) and acid phosphatase im-
mobilized by carrier cross-linked with
glutaraidhyde and polyacrylamide
gel(l3). Horigome et al(l4), suggested
that the heat stability of immobilized
enzyme depends on the Pore size of
the carrier used for immobilization. On
the other hand, the remaining activity
of invertase immobilized by ionic bind-
ing with DEAE cellulose after treat-
ment at S0°C for 30 min was 40%
while the native enzyme was 100% af-
ter similar treatment(13).

The results shown in Fig. (3)
indicate that Arrhenius Kinetics well
represent the deactivation behavior.
This finding further recommends the
work of Yamamoto et al(7),who
showed that the thermal deactivation
rate constant can be expressed by an
Arrhenius-type equation.The deactiva-
tion energy of the soluble catalase is
found to exceed that of the immobi-
lized form indicating that the rate at
which the soluble enzyme is dena-
tured is a slightly stronger function of
temperature.The deactivation ener-
gies for both forms are much higher
than generally found for most chemi-
cal reactions reflecting the thermal
sensitivity of catalase.

SUMMARY

The thermal stability of catalase
immobilized by covalent coupling was
determined and was compared to that
for the soluble enzyme. The results in-
dictaed that immobilization of catalase
resulted in improved resistance to
thermal deactivation and that the de-
activation energy of the soluble en-
zyme exceeds that of the immobilized
form.
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Table (1) : Thermal deactivation rate constants of catalase

Tomperaiure Solluble Immo.bilized

(min-1) (min-1)

60 0.016 0.012

62 0.025 0.017

64 0.072 0.031

66 0.129 0.057

68 0.215 0.086

70 0.316 0.188

(%)

70%C

1 . '}

10 20 30 40 50

Time (min.)

Fig. (1): in remaining activity of immobilirzed enzyme as

& function of tims at wverious temperatures.
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