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ABSTRACT

Three fungi (Trichoderma viride, Asperigillus niger and Penicillium digitatum) were

used in the present study for the production of the cellulase enzymes (carboxymethylcellulase
and cellobiase). The effects of different metal ions on the activities of these enzymes were
investigated using the reducing group method. The addition of Ca**, Ba**, K"and Mn**, caused a
significantly higher increase in the activity of the carboxymethylcellulase enzyme of the three
fungi, while a less increase was found by the addition of Mg** and Zn**. However, the addition
of Na*, Ag*, Cd™, Cu™, and Fe™ caused a decrease in this enzyme activity. The activity of the
cellobiase was increased with Ca*™ and K*, but it was decreased in the presence of Hg" and
Cd™™".The higher activity of the cellobiase enzyme produced by A. niger occurred was at the
range of 200 — 900 ppm of K*, while it occurred at 500 — 900 ppm for Mn** and Ca*™* , however,
for Ba™, it occurred at the range of 800 — 900 ppm. For the cellobiase of both T. viride and P.
digitatum, no significant different was noticed with different concentrations of Ca**.

On the other hand, Ba*™* gave a lower activity for the cellobiase enzyme of both fungi at all
concentrations. The optimum temperature for the carboxymethylcellulase enzyme activity was at
50°C for A. niger, while it was between 40 °C — 50 °C for both T. viride and P. digitatum.
However, the optimum temperature for the cellobiase activity of the three fungi was at 40 °C.
The optimum activity of the carboxymethylcellulase enzyme produced by A. niger was at pH 4,
and for that of T. viride was at pH 6. Two peaks were detected for the same enzyme produced by
P. digitatum, at pH 6 and pH 7. However, the optimum pH value for the cellobiase enzymes
produced by the three fungi was at pH 4.0
only.
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INTRODUCTION
Microorganisms produce multiple cellulase enzymes that are either free or cell
associated, and these enzymes degrade natural cellulosic materials (Bhat and Bhat, 1997; Lynd
et al., 2002). Certain ions were found absolutely necessary for the activity of some enzymes,
while others are highly toxic to nearly all enzymes. Some may inhibit an enzyme at one
concentration and be activators for the same enzyme at another concentration (Dixon and Webb,
1964). Ajaya et al. (2006) reported that Mg*™, Ca™, Na* and K* were stimulatory to the
cellulolytic enzyme activity, while small quantities of HgCl> and EDTA were inhibitory. Lin et
al. (2010) reported that most metal ions such as Ca**, Mg**, Cd™" and Zn** exhibited slight

inhibition effect on the enzyme activities, whereas K* and Mn™" enhanced the cellulases to a

10% extent. Among these metals and chemicals, Cu** could bind the thiol groups and interact
with the carboxyl groups of the amino acids.

Like most chemical reactions, the rate of an enzyme reaction increases as the temperature is
raised. A 10 °C rise in temperature will increase the activity of most enzymes by 50- 100 %. The
use of higher temperature causes an increase in the enzyme activity and a decrease in its stability,

taking into account the period of time the enzyme is used.

However, few enzymes can be heated to above 100°C and still retain activity; for instance, the
denylatekinase enzyme can retain activity even after being maintained at a temperature of 100°C.
Storage of enzymes at 5°C or below is generally the most suitable. However, some enzymes
loose their activity when frozen (Bennett and Frieden, 1969).

Enzymes are affected by changes in pH, the most favorable value, is the point where the enzyme
is most active, and is known as the optimum pH value. Extremely high or low pH values
generally result in complete loss of activity for most enzymes (Holum, 1968).

MATERIALS AND METHODS

The effect of cofactors (metal ions):

Different salts were used (Ca*™*, Ba*™, Zn**, Mg**, Mn**, Cu™ , Cd**, Ag*, Hg" and

Fe*™). 1.0 mg/ml of each salt was added to the reaction mixture containing I ml of each enzymes
prepared from each of the three fungi. Immediately after adding the appropriate salt solution, the
enzyme was assayed by the reducing group method(A Adel Wahab and Abdel-Rahim, 2013),
using carboxymethylcellulose (CMC) as a substrate, and as was described by Abdel-Rahim
(1980).However different concentrations were used for Mn*™*, Ca™, Ba*™.

Effect of temperature:
Reaction mixtures containing enzyme preparations were incubated in water baths, at

temperatures ranging from 20 °C to 60 °C for different periods of time. The reactions
temperatures were maintained, using different thermostatically controlled waterbaths.
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Effect of pH:

Reaction mixtures in buffers of different pH values ranging from 4.0 to 10 and

containing preparations of cellulases obtained from cultures of the three fungi, were assayed. The
following buffers were used:

Acetic acid - sodium acetate (pH 4.0 — 5.0), phosphate buffer (pH 6.0 — 7.0),

Tris-HCI (pH 8.0 — 9.0) and glycine-NaOH (pH 9.0 — 10.0).

RESULTS
Effect of different metal ions on the activities of both enzymes:

The effect of different metal ions (Ca*™, Ba™, Mg**, Mn**, Cu™, Cd**, Ag*, Hg*, Zn**,

Fe*™, K"and Na*) on the cellulase activity of the three fungi (A. niger, P. digitatum and T.
viride) were made using the reducing group method. The results on Table (1) showed that the
addition of Ca™, Ba™, K"and Mn*™, to the enzyme assay caused a significantly higher increase
in the activity of the carboxymethylcellulase enzyme of the three fungi. However, less increase
was found by the addition of Ag*, Mg™"and Zn**. On the other

hand, the addition of Na*, Hg*, Cd**, Cu**, and Fe** caused a decrease in the activity. However,
the activity of the cellobiase was highly increased with Ca*™* and K*, less increased with Mg*™,
Zn** and Ba**, but it was decreased in the presence of Hg* and Cd** (Table, 2).

The results on Table (3) show that the higher activity of the carboxymethylcellulase enzyme
produced by A. niger occurred at the range 200 — 900 ppm of K*, while it occurred at the 500 —
900 ppm in the case of Mn*™. The active concentration for Ca*™ and Ba™ was recorded at the
range 700 — 900 ppm. For the carboxymethylcellulase of both T. viride and P. digitatum,
no significant different was noticed with the different concentrations of Ca*™. On the other hand,
Ba*™ gave a lower activity for the enzyme of both fungi at its all concentrations (Tables, 4 and
5).

Effect of temperature on the activities of both enzymes:

The filtrates of the three fungi (A. niger, P. digitatum and T. viride) were incubated in the
presence of CMC or cellobiose as substrates for the carboxymethylcellulase and cellobiase
enzymes, respectively, at temperatures varying from 10 °C to 60 °C, then the reaction mixtures
were assayed by using the reducing group method. The results (Fig, 1) showed
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that the activity of the carboxymethylcellulase enzyme of the fungus
increasing with increasing temperature with the maximum at

Effect of pH on the activity of cellulose enzyme:

A. niger was

50 °C, then decreased.

The effect of pH level was tested for the enzyme activities, using CMC as substrate for

the carboxymethylcellulase assay and cellobiose for the cellobiase assay. Results obtained by
using the reducing group method (Fig. 3), showed that the maximum activity of the
carboxymethylcellulase produced by A. niger was detected at pH 4, and the maximum activity
for the carboxymethylcellulase of T. viride was found at pH 6, while, the higher activity of
carboxymethylcellulase produced by P. digitatum was detected at two peaks pH 6 and pH 7.
Similar results were also obtained by using the viscometric method except that only one peak
was detected for the carboxymethylcellulase of P. digitatum (Fig. 4). However, the optimum pH
value for cellobiase enzymes produced by the three fungi was detected at pH 4.0 only (Fig. 5).

Table (1). Effect of different ions on carboxymethylcellulase activity
(mg/ml) produced by the three fungi

Carboxymethylcellulase activity as reducing sugars

lons added (mg/ml).
A. niger P. digitatum  T.viride
Ba** 92.8 77.8 99.5
Ca* 104.5 99.5 106.1
Zn** 345 32.8 34.5
Mg** 36.1 345 31.2
Na* 49.5 62.8 49.5
Mn** 92.8 106.1 112.8
Cu** 9.5 12.8 6.2
cd* 145 9.5 9.5
Ag* 64.5 49.5 345
K* 99.5 111 106.1
Hg* 49.5 345 46
Fe** 17.8 9.5 16.1
Table (2). Effect of different ions on cellobiase activity (mg/ml)
Produced of the three fungi
lons Cd" Mg Ba Zn H Ca K*
Organism + ++ ++ ++ g+ ++

T . viride 25. 51. 42. 46. 10 76. 75
6 6 8 6 8 1 6

A .niger 10. 38. 40. 35. 12 68. 54
6 6 1 5 8 8 5

P.digitatum 6.6 58 27. 39. 6. 44. 34
8 5 5 6 8
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Table (3). Effect of different concentrations of the highly effective ions on the
carboxymethylcellulase activity (mg/ml) produced by A. niger

PPM K* Mn** Ca™ Ba™*
100 65.6 12.8 32.8 145
200 80.1 33 29.5 12.8
300 79.3 525 29.5 12.8
400 78.3 46.0 245 14.5
500 69.8 61.6 211 11.2
600 86.8 57.6 27.8 11.8
700 82.5 71.1 57.8 17.2
800 81.1 65.1 84.5 16.2
900 81.1 64.6 74.5 16.2

Table (4). Effect of different concentrations of the highly effective

PPM K* Mn** Ca™ Ba**
100 75.2 86.6 92.8 441
200 74.8 84.5 93.6 41.1
300 73.6 86.5 92.6 41.8
400 73.6 87.8 91.0 43.1
500 75.8 78.9 108.6 59.5
600 75.0 84.0 109.5 57.8
700 74.8 84.0 108.8 69.6
800 75.3 84.0 108.1 69.5
900 75.6 85.8 108.1 56.8

carboxymethylcellulase activity(mg/ml) produced by T. viride

ions on carboxymethylcellulase enzymes of both T. viride and P. digitatum were highly active
between the temperatures 40 °C — 50 °C (Fig. 10). However the optimum temperature for
cellobiase activity of the three fungi was found at 40 °C(Fig, 2). the activity decreased sharply.
However, the Table (5). Effect of different concentrations of the highly effective ions on

PPM K* Mn** Ca*™ Ba**
100 71.6 74.1 80.5 42.8
200 69.8 745 828 40.3
300 71.6 746 828 43.5
400 71.1 74.5 78.9 43.6
500 71.8 746 816 42.8
600 87.1 80.5 90.8 55.1
700 88.8 746  99.8 55.6
800 86.8 76.6 98.8 40.8
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Fig (1): Effect of temperature on carboxymethylcellulase activity (mg/ml) produced by the
three fungi: (A) A. niger, (B) P. digitatum, and (C) T. viride.
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Fig (2): Effect of temperature on Icellobiase activity (mg/ml) produced by the three fungi: (A)
A. niger, (B) P. digitatum, and (C) T. viride.
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Fig. (3). Effect of different pH levels on the carboxymethylcellulase activity
produced by the three fungi using the reducing group method.
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Fig. (4). Effect of different pH levels on the carboxymethylcellulase activity
produced by the three fungi using the viscometric method.
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Fig. (5). Effect of different pH levels on cellobiase activity (mg/ml) produced
by the three fungi (using the reducing group method)

DICUSSION

It was found that the addition of Ca™, Ba™, K and Mn*" to the enzyme assay caused a higher
increase in the activity of the cellulase enzymes (carboxymethylcellulase and cellobiase) of the
three fungi. On the other hand, the addition of Ag*, Cd**,Cu** and Fe** caused a decrease in the
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enzyme activity. These results are in agreement with Dong et al. (2001), who reported that
Mn™", Ba™ and Ca*™" caused an increase in the total reducing sugars, while, a significant decrease
in total reducing sugars was observed with Hg*, Cu* and Pb**. Also Ali (2006) reported that
cellulase enzymes activities increased in the presence of Na*, K*, Ca*™, Ba"™ and Mn*™*

and decreased in the presence of Fe**, Pb™, Ag+, Zn** and Co** salts. While, Lin et al. (2010)
reported that the purified cellulase of Bacillus subtilis was activated by Mn* and Co**, but
inhibited by Hg*, Cd™, Fe** and Fe*+*. Bakarr et al. (2005) also reported that the activities of the
purified cellulases of Pseudomonas fluorescens were stimulated by low concentrations (10-30
mM) of Na* and Mg**, while EDTA was found to inhibit the cellulase enzyme activity at all of
its concentrations. Ponnuswamy and Prakash (2012) also reported that the cellulase of Bacillus
sp. was highly active in the presence of Mn**, and strongly inhibited by Hg**.

The optimum temperature of the carboxymethylcellulase activity produced by A. niger was
found at 50 °C. This value is higher than that obtained by Gokhan et al. (2001) who found it
around 40 °C. However, the optimum temperature to the same organism was reported by
Christina and Sunil (2012) to be 45 °C. On the other hand, the results showed that the optimum
activity of the cellulases produced by both fungi T. viride and  P. digitatum was found to be
between 40-50 °C, although the carboxymethylcellulase from A. niger isolate No. RD-2231
was found to be stable at temperatures below 40 °C, however, its activity at 65 °C it was 28 times
higher than its value at 30 °C (Demerdash and Attia, 1992). Cellulase enzymes from different
microbes showed highest activities at different temperatures. The optimum temperature for
cellulase of Bacillus sp., was

shown at 50 °C (Kim et al., 2009), while the optimum temperature of cellulase produced by P.
chrysogenum was obtained at 48 ° (Nwodo et al., 2005). However, the cellulase enzymes of
termites have an optimum temperature in the range of 45 — 50 °C (Purwadaria et al., 2003).
Concerning to the pH effect, the maximum activity of the cellulases produced by A. niger was
detected at pH 4. This is in agreement with Akiba et al. (1995) who reported that the highest
activity for the cellulases of A. niger occurred at pH 4-4.5. In contrast Azzaz et al. (2012)
found that the highest value of the cellulases production by A. niger was detected at pH 6. For T.
viride the maximum activity of cellulase was found at pH 6. while, the higher activity of
cellulase produced by P. digitatum was detected at two peaks pH 6 and 7. Baig et al. (2004)
have reported pH 6 as an optimum
value for the maximum cellulase activity produced by T. lignorum using banana waste. Ahmed et
al. (2009) observed the optimum pH for cellulase of T. harizianum at 5.5.
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