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Abstract: Cellulase, one of the most important and versatile industrial enzymes, has been immobilized on Poly
(acrylamide-co- acrylic acid). The immobilized cellulase was more stable at acidic and alkaline pHs than the free
enzyme, plus121% of the original activity was retained owing to the thermal stability of the immobilized enzyme
after heat treatment for 60 min at 50 & 60°C. The calculated half-lives of the free enzyme at 70 and 80°C were 173
and 26 min respectively, which were all lower than those of the immobilized enzyme 266 and 154min. The
activation energy (533 kcal/mol) for the immobilized enzyme was higher than those for the free enzyme. Under
the selected conditions, the immobilized enzyme had a higher Km(1. 4mg/ml. ) and Vmax (5. 8U/mg protein) when
compared with the free enzyme (0. 55 mg/ml and 3. 4U/mg protein, respectively). The residual activity of the
immobilized enzyme exceeded 80% of its initial activity after storage for 6 weeks, while the free enzyme retained
71% of its initial activity. So the immobilized enzyme shows good storage stability than the free one.
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INTRODUCTION -glucosidase (1, 4- -D-glucosidase, EC 3. 2. 1. 21) [2].

Cellulose is the major fraction of lignocellulosic for the industrial application of enzymes and it is thus
biomass, can be hydrolyzed to glucose by cellulase important in determining the feasibility of an enzyme
enzymes. Rice straw was selected as a substrate for system for a particular application [3]. 
saccharification experiments because of its local and The process of immobilization eliminates enzyme
abundant availability. recovery and purification. Further, it aids in enzyme

In recent years, the enzyme, cellulase finds wide utilization and better environment for biocatalytic
application to a variety of fields such as textile, paper and reactions.
pulp, food and animal feed, fuel and chemical industry. Enzyme  immobilization is  confinement  of  enzyme
Additionally, they can be used in waste management, to a phase (matrix/support) different from the one for
pharmaceutical industry, protoplast production, genetic substrates and products. Inert polymers and inorganic
engineering and pollution treatment [1]. materials are usually used as carrier matrices. Apart from

Cellulases are inducible enzymes which are being affordable, an ideal matrix must encompass
synthesized by microorganisms during their growth on characteristics like inertness, physical strength, stability,
cellulosic materials. Cellulase production in fungi is found ability to increase enzyme specificity/activity and reduce
to be extra cellular and has three components, product inhibition, nonspecific adsorption and microbial
endoglucanase (endo-1, 4- -D-glucanase, EC 3. 2. 1. 4), contamination [4]. The adsorption of an enzyme onto a
exoglucanase (exo-1, 4- -Dglucanase, EC 3. 2. 1. 91) and support or film material is the simplest method of

Obviously, the enhancement of stability is advantageous
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obtaining an immobilized enzyme. Basically, the enzyme is Partial Purification of  A.  hortai  Cellulase  Enzyme:
attached to the support material by non covalent linkages
and does not require any pre activation step of the
support. The interactions formed between the enzyme and
the support material will be dependent on the existing
surface chemistry of the support and on the type of amino
acids exposed at the surface of the enzyme molecule.
Enzyme immobilization by adsorption involves, normally,
weak interactions between the support and the enzyme
such as ionic or hydrophobic interactions, hydrogen
bonding and van der Waals forces [5, 6]. At present, the
immobilization  methods  of  covalent   coupling  and
cross-linking have been established. These methods
include  diazotization  method.  It  means  that the
insoluble carriers are treated by dilute hydrochloric acid
and sodium nitrite nitrogen and then transformed into
diazo-compound, which can couple with enzyme molecule.

In The present work, the attention was focused on
immobilization  of  A.  hortai  cellulase on Poly
(acrylamide-co- acrylic acid as well as the activity of the
immobilization enzyme and free enzyme were evaluated
from the point of pH, temperature, thermo stability and
storage stability and the results were compared.
Diffusional limitations in immobilized enzyme system are
studied by employing carboxy methyl cellulose as a
substrate model to determine the reaction rate Vmax,
Michaelis constant Km, cellulase activity and efficacy of
free and immobilized cellulase.

MATERIALS AND METHODS

Cell Growth and Enzyme Production: Aspergillus hortai
strain was provided by the Centre of culture collection,
National  Research  Center (NRC),  Egypt.  The slants of
A. hortai were incubated in potato dextrose-agar medium
(PDA) at 30°C for 7 days. A spore suspension of about of
standard inocula (5. 2 ×10  spores/ml) was prepared in8

sterile distilled water containing about 0. 01% (v/v) Tween
80. This solution was used as a source of inoculums [7].

Two  ml  of  standard inocula (5. 2 ×10  spores/ml) of8

A. hortai were inoculated in 250 ml-Erlenmeyer flask
containing 50 ml of sterilized carboxymethyl cellulose
(CMC) synthetic liquid medium containing (g L  of1

distilled water) CMC 1. 1, yeast extract 0. 1, (NH ) SO 0. 5,4 2 4

KH PO 10. 0, MgSO . 7H O 0. 1, NaCl 0. 2. The pH of the2 4 4 2

medium was adjusted before sterilization to 5. 0. The
inoculated flasks were incubated on orbital shaker
(150rpm) at 28±2°C for 3 days. Liquid state culture was
centrifuged at 8000 rpm for 20 min at 4°C [8]. The resulting
supernatant was called as crude enzyme preparation.

The method of De-Moraes et al. [ 9] with minor
modifications was followed for purification of cellulase
(CMCase). Crude enzyme preparation obtained from A.
hortai was centrifuged at 8, 000 ×g for 15 minutes at 4°C
to increase clarity. After obtaining clarity to maximum
level, solid crystals of ammonium sulfate were added to
the crude enzyme extract of (NH4) SO saturation (70%)2 4

and kept for 24 hours at 4°C. The resulting precipitate was
collected by centrifugation at 8, 000×g for 15 min at 4°C.
The pellets of precipitated proteins were discarded. After
centrifugation the supernatant was kept separate and
sediments were dissolved in small amount of 0. 2 M Tris-
HCl buffer (pH 8). The solution was kept in a dialysis bag
and after sealing securely, dialyzed against distilled water
with 4 regular changes of the water after every 6 h. Total
proteins and activity of partially purified cellulase were
determined before and after dialysis of ammonium sulfate
precipitation as mentioned before. 

Assay of Cellulase Activity: Cellulase activity was
assayed by determination of reducing sugar (glucose)
released from carboxymethyl cellulose (CMC) as a
substrate. 0. 5 ml of the culture supernatant was incubated
with 0. 5 ml 1% CMC in 0. 05µ sodium acetate buffer
solution, (pH 5. 0 ±2) at 40°C for 1 h. The resulted
reducing sugars were determined according to Miller [10]
by dinitrosalicylic acid (DNSA) using glucose as
standard. Enzyme activity was determined in terms of
international unit (U) which is defined as the amount of
enzyme required to liberate one µ mole of glucose per ml
enzyme solution. 

Analytical Procedure of Protein Determination: Protein
measurements were carried out according to the method
of  Lowry,  et al. [11] using bovine serum albumin (BSA)
as the standard. The amount of bound protein was
determined indirectly from the difference between the
amount of protein present in the filtrate and that in
washing solutions after immobilization.

Immobilization of Cellulase on Poly (Acrylamide-Co-
Acrylic Acid) by Diazotization Method: The discs of
(AAm-co-AAc)were treated for 3h at room temperature
with hydrazine hydrate solution then the discs were
diazotized in a flask kept in an ice bath and solid NaNO2

(100 mg) and 2 ml chilled 2 N HCl were added to the flask
and kept for 6 h. Thereafter, excess of HCl was decanted
and diazotized glass beads were washed repeatedly in 0.
1M sodium phosphate buffer (pH 7. 0) until the pH of
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washing discard was 7. 0. The activated discs were now (2. 2 and 1. 6 U/mg protein) respectively. These are
dipped into 5 ml enzyme solution and kept for 48 h at 4°C somewhat nearly similar to that obtained by Su, et al. [14]
with occasional shaking. The discs were taken off, reported that maximum activity appeared at 40 and 50°C
washed  3-4  times  in  0.  1 M sodium phosphate buffer for the free and immobilized cellulase, respectively.
(pH 7. 0) and stored at 4°C until further use (12).

Biochemical Characterization of A. hortai Immobilized of its activity at 50 & 60 °C during all the pre incubation
Cellulase: The thermo stability of immobilized enzyme
was  studied  by incubating the biocatalyst at 30-80 °C.
The activities measured after different time intervals from
(10 to 60 min) in a water bath. Like wise to determine
stability at varying pH, the immobilized enzyme was
separately pre-incubated in 0. 2 M of citrate phosphate
buffer  at  pH  4 & 5, phosphate buffer at pH 6 & 7 and
Tris-HCl buffer at 7. 6, 8. 0, 8. 5, & 9. 0 for 1 h and the
residual activities were determined under standard assay
conditions. Residual activity in samples without
incubation was taken as 100 %. The inactivation rate
constants, K and the half-life time, t½, were calculated
with the following equation (13). Half life = 0. 693/ slope of
the straight line.

Deactivation Rate Constant (K) = Slope of the Straight
Line

Rice Straw:
Pretreatment of Rice Straw by Microwave: Samples of
rice straw after cutting and washing were suspended in
100 ml of 1% NaOH and heated by microwave irradiation
for (2 min). After microwave pretreatment of rice straw, its
residues were collected and washed extensively with
water until neutral pH, dried at 65 °C and cut to (10–20)
mesh for later usage, a modified method of (2). 

Storage Stability of Free and Immobilized Cellulase: The
free and immobilized cellulases were stored at 4°C in
phosphate buffer with optimum pH. The activities were
measured at different time (1-6 weeks) using the method
described previously.

RESULTS AND DISCUSSION

Effect of Temperature: The maximal specific enzyme
activities of both free and immobilized enzyme were
obtained at 50°C (1. 8 and 2. 4 U/mg protein) respectively,
(Figure 1). The immobilized enzyme exhibited higher
values for the specific enzyme activity at temperatures
from 40-50°C. A gradual decrease of S. E. A was observed
at temperature 60°C in which the activity of the
immobilized  enzyme  was  still  higher  than  the free one

Thermal Stability: The immobilized enzyme retained 121%

periods tested Figure (2a & b). The effects of higher
temperatures (70 and 80 °C) were more pronounced in
case of the free enzyme than the immobilized one. At 70°C,
the immobilized enzyme retained 86% of its residual
activity, while the free one retained 79% after 60 min.
These data showed that the thermal stability of the poly
(AAm-co-AAc) immobilized cellualse was much better
than that of the free enzyme owing to the covalent bond
between the enzyme and support, which prevented the
conformation transition of the enzyme at high
temperature. These results agreed well with the results of
Su, et al. [14]who reported that cellulase immobilized on
chitosan showed a significant increase in thermal stability
compared to free enzyme. At 60°C, the activity of the
immobilized conserved 86. 5% after 120 min whereas the
free enzyme conserved 61% of the initial activity only.
The calculated values for the half-life of the free and
immobilized enzymes at different temperatures are
represented in Table (1). The results showed that the
immobilized enzyme was more thermo stable than the free
one; for example, the calculated half-lives of the free
enzyme at70 and 80oC were 173and26 min,  respectively,
which were all lower than those of the immobilized enzyme
266 and154min. 

pH Stability: The pH stability was investigated after pre
incubating the enzyme at different pHs (3. 0-9. 0) for 1 h.
At pH 7. 0, the enzyme retained 139% of its activity in
immobilized enzyme. The immobilized cellulase remained
nearly stable at a pH range of 7. 0-8. 0 (Figure 3), whereas
the free enzyme showed a sharp decrease ( 68 %) at PH 9.
0. The present results were very similar to those reported
by Baig et al. [15]. pH is known to promote changes in the
partial configuration and activity of an enzyme [16].
However, lipases (agar biocatalysts) tend to form
bimolecular aggregates [11] and changes to the
aggregated state may not be possible, this indicate that
the immobilization process protected the cellulase enzyme
from severe acidic and alkaline media. Similar results were
reported [17] where they found that the stability of free
and immobilized pectinase showed that immobilization
process protected the enzyme strongly from severe
alkaline pHs.
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Table 1: Activation energy and half-life for free and immobilized partially purified A. hortaicellulase
Kinetic parameters Partially purified free enzyme Partially purified immobilized enzyme
Activation energy (kcal/mol) 326 533
Half-life (min) at
70°C 173 266
80°C 26 154

Fig. 1: Effect of assayed temperature on the activity of free and immobilized cellulase. The enzyme (4% w/v) was
incubated with 3 ml substrate, 2. 5 ml distilled water and 1 ml tris- buffer (pH 7. 0 of 0. 2 M). The reaction mixture
was incubated at different temperatures (30-60°C) for 1 h water bath shaking, then the cellulase activity was
determined and the specific enzyme activity for Free (Red square) and immobilized (Blue square) enzyme were
calculated

Fig. 2A

Fig. 2B

Fig. 2: Thermal stability of free and immobilized A. hortaicellulase. Free (A) and immobilized (B) cellulase samples were
preincubated at 60°C ( ), 70°C ( ), 80°C( ) for (10–60 min). Note: preincubation of the free enzyme at 50-60°C
gave 100% activity after 10-60 min, so 100% curves are overlapped
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Fig. 3: pH stability of free and immobilized cellulase enzyme. Free ( ) and immobilized ( ) cellulase samples were
preincubated for 1 h at different pH values at 50oC and the relative activity calculated. The activity of a sample
without pre incubation was taken as 100%.

Fig. 4A

Fig. 4B

Fig. 4A & B: Effect of substrate concentration on the activity of thefree and immobilized enzyme. Linweaver-Burk plots
for the free and immobilized cellulase on the poly (AAm-co-AAc). At pH; 7. 0 and temperature; 50°C
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Fig. 5: The storage stability of the free and immobilized cellulase. The free and immobilized cellulases were stored at 4°C
in phosphate buffer pH (7. 0) for 6 weeks

Table 2: Effect of substrate concentration on the activity of the immobilized
enzyme

Substrate Conc. (%) Activity (U/ml) S.E.A (U/mg protein)

2 0.79 1.2±0.10B

4 0.85 1.5±0.20A

6 0.81 1.3±0.12AB

8 0.77 1.1±0.14B

Effect of Substrate (CMC 1%) Concentrations:  The
beginning  velocities  of  CMC  hydrolysis  with  a series
of  CMC  concentrations  were determined by measuring
the amount of glucose production. The kinetic parameters
for the Michaelis-Menten equation were determined from
a double reciprocal plot of the Aspergillus hortai
activities  for  both the free and immobilized enzyme
(Figure 4a & b). The  immobilized enzyme  exhibited a
higher   Km   value  (1.  42  mg/ml)  than  the  free enzyme
(0. 55mg/ml ), owing to the lower accessibility of the
substrate to the active side of the immobilized enzyme.
The calculated maximal reaction rate (Vmax) for the
immobilized enzyme (5. 8 U/mg protein) was higher than
that for the free enzyme (3. 4 U/mg    protein).    This
phenomenon    agreed  with El-Masry et al. [18] who
stated that the greater the affinity, the lower Km. Also
similar results were obtained by Su, et al. [14] who
revealed that the immobilized enzyme decreased its
affinity for the substrate (Km=8. 1 and 1. 84 mg/L for the
immobilized enzyme and free enzyme, respectively). 

Degradation of Rice Straw by Immobilized Cellulase:
Lignocellulosic biomass cannot be saccharified by
enzymes in a high yield without a pretreatment procedure
because the lignin in the plant cell wall is a barrier to
enzyme action [19]. Comparing the chemical components,
alkali pretreatment increased the proportion of cellulose
by 41. 8% and decreased that of hemicellulase and lignin

by 45. 7% and 38. 0%, respectively. The higher cellulose
content and decreased hemicellulose and lignin content
would allow for enhancement of enzymatic
saccharification. Combining microwave irradiation with
alkali may be an alternative pretreatment approach for
lignocellulosic materials at lower temperature (20). The
results of this study suggested that rice straw pretreated
by combining microwave irradiation with alkali together
could increase the initial hydrolysis rate( data not shown).

Optimum Concentration of Rice Straw: Rice straw as a
substrate was used at different concentrations (2, 4, 6 and
8%  w/v).  The  maximum activity (0. 85 U/ml) and S. E. A
(1. 5 U/mg protein) was observed at substrate
concentration of 4% (Table 2).

Storage Stability of Free and Immobilized Cellulase: The
storage stability of an enzyme is of significant importance
for scheduling its application in a particular reaction. The
results in Figure 5. show that the changes in enzyme
activity as a function of storage time indicate that the
residual activity of the immobilized enzyme exceeded 80%
of its initial activity after storage for 6 weeks while the free
enzyme retained 71% of its initial activity. So the
immobilized enzyme shows good storage stability than the
free  one.  These  results agreed well with the results of
(21, 14)who reported that the free enzyme lost about 79%
of its activity in 28 days while the immobilized cellulase
showed good storage stability and lost 16% of its initial
activity only. 

CONCLUSIONS

In conclusion, this study aimed to the evaluation of
A. hortai cellulase for industrial applications. All the
properties studied of immobilized cellulase enzyme
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