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ABSTRACT

Cellulase enzyme produced from different fungi has been immobilized
on two different supports, i.e. gel fertilizer and chitin. The immobilized enzyme
with chitin as a support had retention activity lower than that of gel fertilizer.
The retention activities of immobtlized enzyme on chitin were found to be 89%.
00% and 72% for T. reesei, 1. harzianum and A. niger, respectively. While,
these values were 97, 95 and 96% for the above-mentioned enzymes which were
immobtlized on gel fertilizer as a support. The optimum temperature for
immobilized enzvme on chitin was established at 55°C for 7. reesei. T
harzianum and A. niger. But the optimum temperature of immobilized enzyme
on gel fertilizer was 60°C for 7. reesei. and A. niger and 55°C for 7. harzianum.
On the other hand. the optimum pH in case of gel fertilizer support was 5.0 for
I. reesei, and A. niger and 4.8 for 7I. harzianum. While, the optimum pH for
immobilized cnzyme on chitin was 4.8 for either 7. reesei. or A. niger. But 7.
harzianum showed that the maximum activity at pH 4:6. Kinetic behavior of the
immobilized enzyme with different supports was studied. Michaelis constant
(Kn) of immobilized cellulase enzyme from 7. reesei were determined to be 0.42
and 0.22 g/100 ml CMC 1n case of gel fertilizer and chitin support, respectively.
On the other hand. K, values of immobilized cellulase enzyme produced from 7.
harzianum were calculated to be 0.18 and 0.2 g/100 ml CMC for gcl-cellulase
complex and chitin-cellulase complex, respectively. While. K, of immobilized
cellulase enzyme produced from 4. niger was 0.2 g/100 ml in case of gel
fertilizer and 0.52 g/100 ml for chitin-cellulase enzyme complex.

The stability of immobilized cellulase enzymes forms were found to be
more stable in comparison with native form. The immobilized cellulase enzyme
on gel ferilizer from different studied sources of fungi (7. reesei, T. harzianum
and A. niger) lost 40% of its original activity after 4 cycles. While, the
immobilized enzyme on chitin lost 70% of its activity after 4 times.
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INTRODUCTION

Enzymes are being used increasingly as catalysts for biochemical
conversion, but they are expensive and have limited stability. Consequently,
chemists attempted to immobilize enzymes by difterent techniques for decreasing
enzyvme expenses and 1ncreasing enzyme stability, (Woodward, 1985).

Roy, et al, (1984) immobilized cellulolytic and hemicellulolytic
enzymes from Macrophomina phaseolina within acrylamide polymer. They
found that K. values of free and immobilized enzyme preparations were 3.02
and 4.76 mg/L for cellulase enzyme and 2.38 and 3.92 mg/L for hemicellulase
enzvme, respectively. The maximum productivities of soluble sugar obtained
from filter paper and cotton as substrate using immobilized cellulase enzyme
were 40932 and 67.56 mg reducing sugar/g substrate/mg enzyme protein bound
(o matrix. Also. the immobilized enzyme preparations retained the original
activity of different cellulolytic and hemicellulolytic enzymes up to 25-29 times.

Garcia. et al., (1989) used iron oxide (Fe;O,4, magnetite) with a particle
size of 325 mesh as the solid support for immobilization of cellulase enzyme.
The highest specific activity of the immobilized enzyme was 5.9 mM. glucose/g
bound protein/h and retaining enzymatic activity was 128%. The optimum pH
was 5.5 compared to 4.0 of the free enzyme. The half-life of the immobilized
cellulase enzvme (IMC) was extended to 272 h compared to 0.77 h of the free
CNZN NG,

Park and Kajiuchi (1995) modified cellulase enzyme with amphilic
copolymers made of o-allyl-o-methoxy polyoxyalkylene (POA) and maleic
acid anhydride (MAA) to improve the cellulose hydrolytic reactivity and
cellulase separation. The maximum degree of modification (DM) of 55%.
the modified cellulase activity retained more than 80% of the unmodified
native cellulase activity. The modified cellulase has greater stability against
temperature, pH, organic solvents, and demonstrated greater conversion of
substrate than native cellulase enzyme.

The aim of the present work is to study the immobilization by
covalent attachment of the produced cellulase enzyme from different fungi
on gel fertilizer and chitin as an inexpensive supports. Also, kinetic
behavior of immobilized cellulase forms and recycling were evaluated, since
these parameters are very important for the industrial process.

MATERIALS AND METHODS

. Cellulolytic enzyme complex i.e. Endo-1,4-3-glucanase (E.C. 3.2.1.4.) and
Exo-1,4-B-glucosidase (E.C. 3.2.1.74.) were produced from different fungi
(T. reesei, T. harzianum and A. niger).
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2. Isolation of cellulase from fermentation liquor:- The enzyme was isolated
from ferimentation liquar according to the method described by Tabossum. ¢f
al., (1990},

3. Immobilization of the produced cellulase enzyme: Immobilization of
enzyme was carried out by using gel fertilizer material as a solid support.
This material was obtained from Agriculture research Center, Giza, Egypt
under the commercial name "Barbary plant". The solid support was purified
by washing with distilled water and methanol (1. 5). then rewashed by
distilled water and air dried at S0°C. The immobilization of cellulase enzyme
on the activated gel fertilizer solid support was achieved by the adsorption of
the free enzyvme (0.187 mg enzvme protein) on 300 mg of the support for 1 hr
with intermittent muxing. followed by standing for 24 h at 4 C. The
immobilized enzyme form was washed with distilled water to remove the
unattached enzvme protein. The amount of the immobilized form was
measured. Also, the enzyme activity and kinetic parameters were determined
and compared with that free form.

Another attempt for immobilization of the produced cellulase enzyme was carried
on chitin (chitosan polvsacchanide) according to the method described by
Svnowicckt er  al, (1981). Watcr-soluble carboxvimethyl cellulose (CMC) as
substrate, D(+) glucose as standard. Chitin was purchased from Sigma chemical
Co.

4. The enzyme activity activity was expressed as the resultant reducing sugars

(as glucose) by the method described by Nelson's (1944) which was modificd

by Somogvi (1952).

Protein content was estimated by the method described by Bradlord (1976).

6. Evaluation of immobilized cellulase:

The different parameters which affect the enzyme activity were

determined 1n  order to evaluate 1mmobilized . cellulasc enzyme (c.g.

concentration of substrate, pH and temperature.

N

The effect of substrate concentration on the reaction activity of
immobilized cellulase enzvme forms were tested by using carboxv-
methylcellulose at different concentrations of 0.2. 0.4, 0.6, 0.8. 1.0, 1.2. 1.4. 1.6.
1.8 and 20%.

The enzyme activity of immobilized cellulase enzyme forms were tested
at different pH values 1.6 3.0.3.5. 4.0, 4.5, 5.0. 5.5, 6.0 and 6.5.
The activity of immobilized cellulase enzyme forms werc tested at different
temperatures i.e. 30, 35, 40. 45, 50, 55 and 60°C.

The effect of enzyme concentration on the reaction activity of
immobilized cellulase enzyme forms were tested at different concentrations of
immobilized cellulase enzyme between 0.378 mg enzyme proteins till 2.232 mg
enzyme proteins by using (1% w/v) of carboxymethylcellulose (CMC) .
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Stability of free and immobilized of the produced cellulase enzyme were
evaluated according to the method described by Woodward (1985). While,
reusing of immobilized enzyme forms were estimated according to the method

described by Garcia. er al., (1989).

RESULTS AND DISCUSSION

The effect of the immobilization process on the activity and stability of
cach immobilized enzyme was studied. Generally. the immobilized enzymes

showed less specific activity than the native enzyme.

Nowadays, various immobilization technique and support materials are
used in order to find the optimal immobilization technique and support for the
produced cellulase enzyme.

1. Preparations of immobilized cellulase enzyme produced from different
fungi:-

The cellulase enzyvme produced from different fungi has been
immobilized on two different support materials i.e. gel fertilizer and chitin
polymer. Such systematic study may be helpful in finding the most convenient
support which has the highest stability and proper enzyme activity. The quantity
of the enzyme bounded to each support besides the retention activity after
immobilization comparing with the two supports were investigated. The results
in Table (1) illustrate that the gel fertilizer is more cffective for immobilization
of the produced enzymes from different sources since no enzymatic protein was
noticed in washings. which simply means that the support was bounded with ail
the enzyme added. The latter phenomenon was also accompanied with relatively
high retention activity which amounted to 97% for 7. reesei . 95% for 1.
harzianum and 96 % for A. niger.

On the other hand. the immobilized enzvme with chitin support had
retention activity lower than that of gel fertilizer. The retention activities werc
found to be 89, 60 and 72% of the orginal activity for 7. reesei, 1. harzianum
and 4. niger. respectively. The noticed decrement in the retention activity of the
cnzyme preparation with chitin support may be attribute to that the active sites of
this enzvmes were partially bounded with the support which simply after the
whole body of the enzyme itself and/or the bound enzyme had a conformational
alteration that affect the active sites (Saad.,1992).

2. Factors affecting the activity and reaction velocity of immobilized enzyme
from different sources:
The optimum factors influence the immobilized enzyme reaction and
stability were determined for both gel fertilizer and chitin 1.e. temperature, pH.
enzyme concentration and substrate concentration.
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2.1. Effect of temperature on the activity of immobilized cellulase enzyme:
The effect of temperature on initial rate of cellulose hydrolyzed by the

immobilized preparations of the produced cellulase was measured as shown in
Figs (1 a, b).

Different temperatures between 33, 40, 43, 55, 60 and 65°C were examined
to investigate the optimum temperature of the immobilized enzyme on gel tertihizer
and chitin. The immobilized enzyme on gel fertilizer upport, ytelded the
maximum activity 81.5 and 44.9 pmM/L/min for 7. reesei. and A. niger at
temperature equalle 60°C. While, the maximum activity of immobilized enzyme
produced from 7. harzianum was found to be 28.6 pmM/L/min at 55°C. On the
other hand, the maximum activities of immobilized cellulase enzyme on chitin were
30.1. 20.9. 29.9 umM/L/min was established at 55°C for T. reesei, T. harzianum, and
A niger.

Such results are in agreement with that reported by Garcia. et al., (1989).

2.2. Effect of pH on the activity of the immobilized cellulase enzyme
preparations:-

The ecffect of pH on the activity of the immobilized enzyme on gcl
fertilizer and chitin are shown in Figs. (2 a, b). Different pH values 1.e 4.2, 4.4.
4.6; 4.8:5.0; 5.2 using (0.1 M) acetate buffer were established versus the enzyme
activity. The optimum pH in case of gel fertilizer support revealed that the
maxtmum activitics of immobtlization with 1 % (CMC) as substratc were 82.3:
48.5 pumM/L/min for 7. reesei, and A. niger at pH 5.0, while. the maximum
activity of immobilized enzyme with gel fertilizer 1.e. 37.2 pumM/L/min was
found to be at pH 4.8 for 7. harzianum. '

The maximum activity was at pH 4.8 for immobilized enzyme on chitin
for 7. reesei, which gave values 32.1 umM/L/min and 30.7 pmM/L/min for 4.
miger. On the other hand. 7. hAarzianum showed that the maximum activity 1.¢.
26 4 pmM/L/min of ummobilized cellulase enzvime at pH 4.6. The obtained data
are 1n agreement with those reported by Roy er al.,(1984) .

The explanation for such phenomenon that the enzyme 1s attached to a
necgatively charged matrnix. It seems that the low values of optimum pH (4.6 -
4.8) in the case of chitin support was shifted clearly which indicated the
importance of such acid media (0.1 M) acetate buffer to fit the nature of the
active site of cellulase enzvme. Therefore. cellulase enzvme bound on the matnx
attracting  a  thin - "film™ of positive hvdrogen ions thercbv creating a
microenvironment for the bound enzyme, that has a highest hydrogen ion
concentration in the surrounding solution where the pH is actually measured 1.€.
higher pH values, (Wiseman, 1985).
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2.3. Effect of immobilized enzvme concentration on the reaction activity of

cellulase enzyme:
The effect of immobilized enzyme concentration (enzyme proteins) on

the reaction activity of cellulase enzyme production from different fungi was
tested with different enzyme proteins between 0.378 mg enzyme proteins till
2.232 mg enzyme proteins. The obtained results shown in Fig (3) which
indicated that the activity of immobilized cellulase on gel fertilizer as support
with CMC as substrate were 88.4, 28.6 and 81.2 umM/L/min with 1.87 mg/ml
protein enzvmes with 7. reesei, T. harzianum. and 4. niger, respectively.

On the other hand. the maximum activities of immobilized enzyme on
chitin reached i1ts maximum 1.e. 44.7, 37.7 and 42.4 pmM/L/min at enzyme
concentration equal 1.87 mg/ml enzyme protetn with the above-mentioned fungi.

2.4. Effect of substrate concentration on the reaction velocity of immobilized
cellulase enzyme with different support:
The effect of substrate concentration on the reaction velocity of
immobilized ccllulase enzvme production from different fungi is shown 1n
Tables (2. 3. and 4).

The results showed that the reaction velocity to convert CMC to
reducing sugars was increased up to 1.8 % and maximum reaction velocity
(Vi) Of 1902 pmM/L/mun with gel fertilizer as a support.

While, the maximum reaction velocity was 56.6 umM/L/min at the
same substrate concentration (CMC) for chitin-cellulase enzyme complex as
shown 1n Table (2). Michaelis constant (k,) of immobilized cellulase enzyme
produced from 7. reesei were calculated to be 0.42 and 0.22 g/100 ml of
carboxvmethyl cellulose as substrate (CMC) with gel fertilizer and chitin.
respectivelv. Such behavior certainly leads to a decrease 1n the affinity between
the substrate and the immobilized enzyme form which gave an increase in k,,
value . (Saad. 1992). The decrease in reaction velocity of chitin cellulase enzyme
complex may be due to its conformation when immobilized on the support.
Alternatively i1t may be attached to the solid carrier in a way that would hinder
certain parts of enzyme molecule less accessible to substrate, (Goldstetn, 1976).

On the other hand. the effect of substrate concentration on the reaction
velocity of immobilized cellulase enzyme produced from 7. harzianum was
determined as shown in Table (3). The results illustrated that (V,..) of gel-
cellulase enzyme complex and chitin cellulase enzyme complex were 137.3 and
56.5 pumM/L/min, respectively. The obtained K, values were calculated by
Lineweaver and Burk plots and shown in Figs (4, a, b, c¢). These values are
slightly higher than that obtained by Jain and Wilkins (1987).
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Table (4) showed that, Vg, and Ky of immobilized cellulase enzyme
produced from A. niger were 129.2 pmM/L/min, 0.2 g/100 mi] for CMC 1n case
of gel fertilizer as a support and 136.2 pmM/L/min. 0.52 g/100 ml for chitin-
cctlulase  cnzs me complex. respectively. These results arc partially 1n agreement
with that reported by Roy. et al., (1984).

3. Stability of free and immobilized cellulase enzyme:-

The stability at 5°C of free and immobilized cellulase enzyme produced
from different sources was studied by using (1 %) CMC as a substrate at
different periods of time (4, 8,12, 24 and 48h). The obtained results are
Nustrated in Table (5). From these results. on the basis of relative activity. it
could be observed that free enzyme from different sources lost 4 %. 4.4 % and
4.3 % of its original activity for 7. reesei, T. harzianum and A. niger at 5°C after
18 h. respectively. The immobilized forms on gel fertilizer were more stable if
compared with free form after 48h. The loss of the relative activities reached 3.1.
1.2 % and 2.8% in gel fertilizer while, the loss of activities reached 14.9 Yo, 17.4
and 15.0 % with chitin-cellulase complex for 7. reesei, T. harzianum and A.
niger at 5°C after 48h. The obtained results are in agreement with that reported
by Garcia, ef al., (1989).

4: Reuse of immobilized enzymes:

The relative activity of the immobilized enzymes after reusing at 50°C for up
to 4 times with repeated washings is shown in Table (6). The immobilized cellulase
enzyme on gel fertilizer from different sources of fungi (7. reesei, 1. harzianum, and

A. niger) lost 40 % of its original activity after 4 times. The noticed decrement in the

l
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relative activity of enzyme preparations with gel fertilizer mught be
atributed 10 the hinkage of the covalnt bond betweer: the ciizymatic protein with gel
fertilizer. While, the immobilized enzyme on chitin lost 70 %e of 1ts acuvnty afier 4
times. This decay may be result of physical loss of weakly bound enzyme from
the support or a more rapid denaturation of one component of the enzyme

(Garcia et al., 1989).

Table (6): Reusing of immobilized enzymes.

Relative activit)-f %
NO. of " Immobilized enzyme on gel | Immobilized enzvime on chitin
Recvcle | fertilizer | |
T. reesei I. A. niger | T. reesei I A. niger
| haruanum | | | haruaanum
0 100 100 100 100 100 100
1 | 936 | 919 | 949 | 89 | 86 | 834
) 851 | 834 | 850 | 660 | 647 | 664
- ,| ! | '
3 71.1 71.5 709 | 483 47.6 48 0
4 | 623 | 592 | 603 | 385 | 370 | 385
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