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ABSTRACT

In the present study, out of 51 fungal strains isolated from the cellulosic wastes, only 19 were
CMCase-producers. Aspergillus, Fusarium and Penicillium were the most common fungal genera
isolated from the cellulosic wastes. Fusarium neoceras, Aspergillus fumigatus and Fusarium
oxysporium produced CMCase activity than Trichoderma viride. Out of 23 gamma-irradiated
survivors from A.fumigatus and F. neoceras showing CMCase production, only two mutant strains
A.fumigatus 8G-2 and F. neoceras 4G-2 produced the highest levels of CMCase than the parent
strains. The results indicated that the maximum level of of CMCase activity was produced by
A.fumigatus and F. neoceras strains under optiminizing conditions

Key words: Cellulosic wastes, Cellulase, Enzymes, Biodegradation, Fermentation, Moulds,
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INTRODUCTION

Cellulose is the most abundant and renewable biopolymer. Cellulase is an inducible enzyme system @,
All microorganisms studied so far have produced cellulase when grown on cellulose ¢*. Cellulolytic
enzymes are produced by a wide variety of bacteria and fungi, aerobes and anaerobes, mesophiles and
thermophiles ©.

However, relatively few fungi and bacteria produce high levels of exteracellular cellulase
capable of solubilizing crystalline cellulose extensively. So, for most of the studies have been on
cellulase system of aerobic fungi as Trichoderma viride, T. reesei, Penicillium pinophilum,

Sporotrichum pulverulentum, Fusarium spp., Aspergillus spp., Talaromyces emersonii and T. koningii
(6-11)

Cellulase is a multicomponent enzyme complex containing three types of enzymes, the
synergistic actions of which bring about the degradation of cellulose to glucose ***2.

The rate of cellulase production is influenced by environmental conditions, components of
nutrient medium which might act as inducers or repressors cell density and growth rate “ ”. The effect
of gamma irradiation on the sensitivity and production of cellulase by different fungal isolates was
investigated 9.

The present study aim to isolate and identify fungal cellulase producers from different
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cellulosic wastes and to study the effect of gamma irradiaton on the production of mutants higher than
parent strains for the production of CMCase.

MATERIALS AND METHODS
Microorganisms

The fungal strains used in the present study were isolated from cellulosic wastes (bagasse,
rice straw, wheat straw, and potato peels). Samples were collected from the upper Egypt governorates.

A standard strain of Trichoderma viride known to produce cellulase was kindly provided by
MERCIN, Faculty of Agriculture, Ain Shams University, Cairo, Egypt.

Isolation and identification of fungal isolates from cellulosic wastes

The cellulosic wastes, of 10 g were transferred to aliquots of 90 ml sterile saline solution
(0.85 % NaCl) in 250 ml flasks then were shaken vigorously at constant speed (300 rpm). The
cellulosic waste suspension was then subjected to serial dilutions (10 fold dilution) and 0.1 ml of the
dilution from 10 to 10” was spread on the surface of Potato Dextrose Agar (PDA) plates. The plates
were incubated for 5 days at 25°C. All plates were examined daily and the developing colonies were
picked up and subcultured on five PDA slants. Fungal isolates were identified according to ™.

Screening of the cellulolytic fungal isolates on synthetic medium

The minimal medium (100 ml) ®® supplemented with 1% commercial cellulose, pure
cellulose, strips of filter paper Whatman No.1 and carboxymethyl cellulose (CMC) was dispensed in
250 ml conical flasks. The flasks were autoclaved at 120°C for 15 min and inoculated with 4 ml spore
suspension (5 x 10° spores / ml medium) from the selected fungal isolates and the references standard
T.viride. The inoculated flasks were incubated at 28°C as stationary cultures for 7 to 10 days.

Mycelial dry weight and CMCase were determined for each fungal isolate and T. viride. The
best grown fungal isolates were identified as described by **.

Preparation of spore suspension

The cultures of the selected fungal strains were inoculated on plates of PDA medium and
incubated for 7 days at 28°C.

Discs of 9mm diameter, from 7 day old cultures were used to inoculate five flasks (250 ml)
for each organism containing 100 ml Sabouraud-dextrose agar medium. The flasks were incubated for
7 days at 28°C. The spores were collected by adding 30 ml saline solution supplemented with 0.1 %.
Tween 80 and the flasks were shaken slightly for 15 min, then the spores were collected by
centrifugation at 500 rpm for 15 min. The pellet of spores after washing three times with saline
solution, was resuspended in 5 ml saline solution and 4 ml of the spore suspension (10° spores / ml)
were used for further investigation.

Irradiation conditions.

The Indian chamber of Cobalt-60 located at National Center for Radiation Research and
Technology (NCRRT), Nasr City, Cairo, Egypt was used for the irradiation treatments. The dose rate
was 198 Gy/min at the time of experiment at room temperature. Heavy spore suspensions
concentration (5 ml) from the selected fungal isolates were distributed into clean, dry and sterile screw
capped tubes. The tubes were exposed to increasing doses of 0, 1, 2, 3, 4, 5 and 6 kGy. The un-
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irradiated and irradiated samples of spore suspension (3 tubes/dose) were subjected to serial dilutions
(10- fold) and the appropriate dilutions were plated (0.1 ml) on the surface of Sabouraud agar plates in
duplicate. The plates were incubated for 7 days at 28°C and the count of the C.F.U were recorded. The
selected colonies from different doses were subcultures on PDA slants. Spore suspension of all
purified irradiated isolales were prepared as described before. Each spore suspension was used (4 ml)
to inoculate 100 ml of the minimal medium “® supplemented with 1% carboxymethyl cellulose.

Factors affecting CMCase production

Mycelial dry weight and CMCase activity were determined. The most producing CMCase of
the tested strains (mutants) were recorded and used for further investigation.

Influence of initial pH of medium

The minimal medium (100 ml) supplemented with 1% CMC (Sigma) was dispensed in 250
ml Erlenmeyer flasks. The initial pH was adjusted with 0.1 N-NaOH or 0.1N-HCI to different values
ranging from 2 to 8. The flasks were autoclaved at 121°C for 15 min. Each flask was inoculated with a
spore suspension to give a final concentration of 5x10°ml of the medium and incubated at 25°C for 7
days.

Influence of shake or stationary cultures

The minimal medium was inoculated with the selected strains and incubated at 28°C as
stationary or shake cultures. The flasks were analysed daily for 7 days.

Effect of incubation cultures

The minimal medium supplemented with 1% CMC, was inoculated with selected strains,
then incubated at 28°C for 1, 2, 3, 5, 7 and 9 days. At the end of each incubation period, mycelial dry
weight and CMCase were determined.

Influence of nitrogen sources

The minimal medium (100 ml) supplemented with 1% CMC and with 0.1% of nitrogen
sources of ammonium sulphate, sodium nitrate, lead nitrate, magnesium nitrate, ammonium chloride,
potassium nitrate and ammonium nitrate, was dispensed in 250 ml conical flasks, sterilized by
autoclaving. Each flask was inoculated with 4 ml of the spore suspension of each strain and incubated
at 28°C for 7 days as stationary cultures. Three replicates were used for each of the seven nitrogen
sources of the tested fungal mutants and their parents.

Effect of carbon sources

Carboxymethyl cellulose (CMC) in the minimal medium was replaced by 1% glucose,
maltose mannitol or sucrose as a sole source of carbon. Sugars were sterilized by Seitz filtration before
adding to the autoclaved medium. The inoculated flasks were incubated at 28°C for 7 days as
stationary cultures.

Dry weight determination

The mycelial growth were collected by porcelin funnel then were transferred to dried and
preweighed filter paper Whatman No. 1 and washed several times with distilled water, and were dried
at 60°C to a constant weight.
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Enzyme determination

Carboxylmethyl cellulase (CMCase) was estimated as described by ®” using CMC as
substrate. In a clean dry tube an aliquot of 1 ml of the supernatant was mixed with 1 ml of 0.5% CMC
in acetate buffer and incubated at 63°C for 30 min and the absorbance was measured at 450 nm.
CMCase in the culture filtrate was determined by using dinitrosalysilic acid reagent *®.

Protein determination

According to %, 10ml of the filtrated culture was centrifuged at 5000 rpm for 10 min.
One ml of the supernatant was used to determine extracellular protein, and 5ml of reaction mixture in
a clean dry tube was added, then kept at room temperature for 10 min. 0.5 ml of folin reagent (Fluka),
was added to the previous mixture. The tubes were leaved for 20min. at room temperature, the
absorbance was measured at 750 nm by using Unicam.

RESULTS AND DISCUSSION
Isolation and identification of cellulase-fungal producers from the cellulosic wastes

Table 1 shows that twenty fungal isolates were recovered from baggase samples, twelve
isolates were collected from each of rice straw and wheat straw samples and only seven isolates were
selected from potato peel samples.

Also, from the table it is clear that Aspergillus (23 isolates), Fusarium (17 isolates) and
Penicillium (11 isolates) were the most common fungal genera isolated from the different cellulosic
wastes. The data recorded in Table-1 revealed that out of the 51 fungal isolates, 19 isolates were able
to grow on the commercial and pure cellulose and CMC. The data showed that these fungal isolates
were belonging to the three genera namely: Aspergillus (10 isolates), Fusarium (6 isolates) and
Penicillium (3 isolates). Cellulase is a complex mixture of enzyme proteins with different specificities
hydrolyze glycosidic bonds ®?. The major single protein is an exocellulase which amounts to 40-70%
of the total cellulase protein and the enzyme is necessary for the hydrolysis of crystalline cellulose to
glucose @, This enzyme activity is therefore called carboxymethyl cellulase activity 2.

From the results, it is obvious that media supplemented with CMC as a sole carbon source
gave higher growth for the tested fungal strains than that observed when pure cellulose used.

In the present investigation (Table-2) the highest breakdown of the CMC in the medium was
reported by the fungal isolates No. 2, 10 and 34 as compared with other fungal isolates. ® revealed
that in high crystalline substrate, the closely packed hydrogen bonded cellulose may be less accessible
to cellulase attack than the loosly organized amorphous cellulose.

The data recorded in Table-3 revealed that the fungal isolates No. 2, 10 and 34 had the
highest CMCase activity of 690, 185 and 280 pg/ml, respectively which were higher than that
estimated for T.viride (35 pg/ml). These fungal isolates were identified as Fusarium neoceras (isolate
No. 2), Aspergillus fumigatus (isolate No. 10) and Fusarium oxysporium (isolate No. 34). El-Zawahry
et al. (1987) ®¥ isolated 31 different cellulolytic strains from cellulosic wastes of corn grains, peeled
peanut seeds, cotton seed cakes, wheat grains and pea seeds and the authors cleared that all fungal
isolates were belonging to the genera Aspergillus (20 isolates) Paecilomyces (6 isolates), Fusarium (3
isolates) Penicillium (one isolate) and Trichoderma (one isolate). The production of cellulase have
been also reported for members of the genus Aspergillus as A. niger, A. terreus and A. chevalieri > 29,
Fusarium oxysporium #” and Penicillium steckii %,
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Effect of some cultural conditions on CMCase activity by T.viride and the selected fungal species.

In the present study, (Fig-1), it is clear that A. fumigatus, F. oxysporum and F. neoceras
produced the highest values of CMCase activity as compared with T. viride after 7 days of incubation.
Also, in the present investigation (Fig-2), the maximum CMCase activity in the culture filtrates of A.
fumigatus (410 pg/ml) and F. oxysporum (680 pg/ml) was recorded at pH 4.0 whereas for F. neoceras
(850 pg/ml) was at pH 5.0. It is clear that all the selected fungal isolates had the highest CMCase
activity than T. viride (62 pg/ml, pH 5.0). Among carbon sources tested in this study (Fig-3), the
highest CMCase activity was recorded with CMC (185 pg/ml) followed by glucose (130 pg/ml) and
mannitol (65 pg/ml) for A. fumigatus. On the other hand, the highest CMCase activities were recorded
with sucrose (950 pg/ml) followed by CMC (380 pg/ml) for F. oxysporum, whereas for F. neoceras,
the highest CMCase activity was recorded with CMC (690 pg/ml) followed by glucose (260 pg/ml)
and sucrose (170 pg/ml). From Fig-3, it was noticed that the highest CMCase activity was recorded
with sucrose (375 pg/ml) followed by glucose (190 pg/ml) for T. viride. Fig-4, shows that the
extracellular cellulase accumulated at the highest rates in the media containing the different nitrogen
sources for A. fumigatus, F. oxysporum and F. neoceras as compared with T. viride. The present data
are in agreement with that recorded by ” who revealed that the rate of production of cellulase, an
inducible extracellular enzyme, is greatly influenced by the nutrient medium composition and by
several factors such as : type and concentration of cellulosic substrates, organic and inorganic nitrogen
sources macro and trace elements and fermentation conditions e.g. age, types and amount of inoculum,
pH, temperature aeration and stirring. Also, (Steiner et al., 1987 and Kvachadze and Yashvili, 1996)
.39 who proved that carbon, nitrogen and phosphorus sources and other cultivation conditions
influenced greatly the biosynthesis of cellulases by different fungal isolates.

Effect of gamma irradiation on the sensitivity and cellulase production by the fungal isolates

In the present work the selected fungal isolates were exposed to different dose levels of gamma
irradiation for the enhancement of the enzyme activity.

Twenty three selected colonies of A. fumigatus and F. neoceras had been selected depending on the
morphological changes i.e: growth diameter, colour, pigmentation and margin of the colonies as
compared with parent strain.

As shown from Table-4, among 1lselected mutant strains of A. fumigatus producing
CMCase, one strain 8G-2, which recovered after the exposure of the parent strain to dose level 5.0
kGy, produced significant CMCase activity 925 pg/ml with mycelial dry weight of 1.51 g/L as
compared with the parent strain (465 pg /ml and 1.73 g/1, respectively). In addition, the data in Table-
4 show that out of 12 selected F.neoceras isolates, 7 strains produced significant CMCase activity than
the parent strain. The data decleared that strain 4G-2, which selected after the exposure of the parent
isolate to dose level 2.0 kGy, produced the highest level of C'MCase 1150 pg/ml as compared with the
other mutants. It is clear from Table-4, that all the mutant had lower mycelial dry weight which ranged
from 0.60 to 0.74 g/L as compared with the parent strain (1.97 g/l).

Furthermore, from Table-5, it is obvious that the selected mutant after exposure of F.
oxysporiumto gamma radiation showed lower CMCase activity than the parent one.

Sadana et al. (1979 and 1980) ® 3 succeeded to select a mutant of Solerotion rolfsii, using
UV irradiation secreated about two times more FPase activity and high levels of cellulase production
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than parent strain. Further more, El-Zawahry and Mostafa (1983)°® recorded that the cellulase
produced by irradiated T. viride isolates at 0.2, 0.4 and 0.8 kGy was about 1.3 to 1.9 fold of that
produced by the parent strain. In the present investigation (Table-3), it is clear that the mutant strains
A. fumigatus 8G-2 and F. neoceras 4G-2 produced CMCase by about 2.0 and 1.6 fold, respectively of
that produced by the parent strain.

Sandhu and Kalra (1985) © indicated that there was no correlation between the myeclial
dry weight and enzyme activity, that production of maximum cell mass may not accompanied by
maximum cellulase yield. The effect of ionizing radiation as mutagenic agent on living cells are
described by the summation of direct effect of radiation on the vital centers in the cells plus the
indirect effects caused by chemical changes outside there centers ©°.

The lethal effect of gamma radiation may be explained on the bases that gamma radiation
induces DNA-damage single or double strand breaks, affects protein fingerprinting and enzymes and
disrupter of protein-DNA complex so affecting gene expression ®®. Use of mutagens in the
improvement of organic acids and cellulase production by microorganism from raw agro-industrial
wastes was investigated & 101437, 38and 39)

4. Effect of cultural conditions on production of CMCase by A. fumigatus 8G-2 and F. neoceras
4G-2.

Effect of initial pH values

Fig.5 shows that CMCase reached its highest level for the mutant strain F. neoceras 4G-2
(1100 pg/ml) at pH 4.0 and at pH 5.0 for the mutant A. fumigatus G80-2 (450 pg/ml). From the
present investigation (Fig. 5), it is clear that CMCase produced by the mutant strain A. fumigatus 8G-2
at pH 5.0 was about 4.0 fold of that produced by the parent strain, whereas the CMCase produced by
the umlaut strain F. neoceras 4G-2 at pH 4.0 was about 2.2 fold of that produced by the parent strain.
In the present study, it is clear that CMCase activity (Fig. 5) and growth rate
(Fig-6) for the fungal isolates sharply decreased especially above pH 6.0 for both the parent and the
mutant strains. The data show that the maximum myecelial dry weight for the parent and the mutant
strain A. fumigatus 8G-2 was at pH 6.0, whereas for the parent and the mutant strain F. neoceras 4G-2
was at pH 5.0 and by increasing the pH values there was a significant decrease of the mycelial dry
weight up to pH 8.0. Sanahu and Kalra (1985) ¥, revealed that growth and cellulase production by
T. longibrachiatum was markedly inhibited at pH lower than 4.0 and higher than 6.0, and the authors
concluded that, this pH range has also been reported as the most favorable hydrogen ion concentration
for cellulolytic enzyme synthesis in several fungal isolates. In a previous study, El-Zawahry et al.
(1987) ¥ investigated that cellulase enzymes and mycelial dry weight produced by T. knoningii and
A. niger were obtained at pH 5.0 and the cellulase production sharply decreased below pH 4.0 or about
pH 5.0. The present data was found to be agreement with those obtained for CMCase production at pH
from 4.0 to 6.0 by T. viride, T. pseudokoningii, T. harinaum, A. terreus and A. fumigatus by Gomaa
(1993), ® and Fadel and Abd-El-Kader (1997) ® who investigated that the optimum pH for
maximum cellulase activity varied with substrate type and also depending on the source of the
enzyme.

Effect of shake and stationary culture

Table-6 shows that under stationary culture, the CMCase produced by the mutant strain A.
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fumigatus 8G-2 was about 4.8 fold of that produced by the parent strain, wherease, the CMCase
produced by the mutant strain F. neoceras 4G-2 was about 1.2 fold of that produced by the parent
strain. In addition the data recorded in Table-6 revealed that the CMCase produced by the mutant
strains A. fumigatus 8G-2 and F. neoceras 4G-2 was about 4.5 and 1.9 fold, respectively under
stationary culture than in shake culture. In the present investigation (Table-6), it is clear that CMCase
activity of the parent and the mutant fungal isolates produced by shaked flask culture was low
compared with stationary culture, this may be due to inactivation of the specific enzymes as reported
by @9, In a previous study, Wase et al. (1985) ©° revealed that agitation, had a negative effect on
fungal growth and cellulase production and the authors concluded that agitation may involve some
rupturing of the mycelium liberating intercellular content and preventing cellulase production. Also,
the present data are in agreement with that recorded by LeJeune and Baron (1995) 9 who
investigated that the cellulase production was strongly affect by agitation where at the higher agitation
rate (400 rpm) almost no enzymes are produced at this highest rate.

Effect of incubation period

Fig-7 shows that all the selected parent and the mutant strains showed the highest level of
CMCase after 7 days of incubation at 28°C. In addition, the data show that the CMCase produced by
the mutant strain A. fumigatus 8G-2 (225 pg/ml) was 1.2 fold greater than that of the parent strain (185
pg/ml) and F. neoceras 4G-2 (920 pg/ml) was 1.3 fold than that produced by the parent (690 pg/ml).
Also, the present data (Fig-7) shows that the CMCase produced by the mutant strain F. neoceras 4G-2
was about 4.1 fold of that produced by the mutant strain A. fumigatus 8G-2 after 7 days of incubation.
In a previous study, Fadel and Abd EL-Kader (1994) ©® investigated the highest levels of both
Fpase and B-glucosidase produced by A. niger F92 after 9 days incubation, while it is was after 8 days
incubation for CMCasc. It was reported by, Desai et al. (1982) “Y that Fpase and CMCase were
obtained after 10 days, while B-glucosidase was produced after 18 days incubation by Scytalidium
lignicola, also cellulase was obtained after 10 days incubation by T. reesei “?. In The present study
(Fig-8), it is clear that there was a significant increase in the mycelial dry weight by increasing the
incubation period for the parent and mutant strains and the maximum growth rate was at 9 days of
incubation. El-Zawahry et al, (1987) @ revealed that the highest cellulases and growth of T. koningii
and A. niger were obtained after 15 days of incubation, while Mandles et al, (1971) “? and Gallo et
al. (1978) “* reported that 14 days gave maximum production of cellulases byT. birdie and T. reesei.

Effect of nitrogen sources

In the present investigation (Table-7), it is clear that all nitrogen sources stimulated the growth
of the mutant strains than parent strains, the maximum value for the mycelial dry weight was obtained
when sodium nitrate and lead nitrate was used as nitrogen sources for the mutant
A. fumigatus 8G-2 and ammonium nitrate, sodium nitrate, ammonium chloride and lead nitrate were
used as nitrogen sources for F. neoceras 4G-2. El-Zawahry et al. (1987) ® investigated that the
addition of peptone, NH;NO3, (KH,), SO4, NH,CI and NaNO; as a source of nitrogen to the basal
growth medium gave the best results in the production of cellulases in addition to dry weight for A.
niger and T. koningii. On the other hand, Fadel and Abd El-Kader (1994) ®® revealed that cellulase
was affected greatly by nitrogen source in the culture medium of A .niger F-92, as CMCase, Fpase and
B-glucosidase were stimulated by some organic or inorganic sources, i.e.: (NH;), SO4, HN4H,POy,,
NH,CL and soybean flour. These observations are in good agreement with the data of the present
study (Table-7) that the nature of the nitrogen source markedly affected cellulase production by
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microorganisms. Our present data were also discussed by several investigators % *® who revealed
that the types and the initial concentrations of nitrogen sources had a great effect on the production of
cellulases.

Effect of carbon sources

Table-8 shows the effect of different carbon sources on both the growth and CMCase
activity. It is clear that the CMCase produced by the mutant strain A. fumigatus 8G-2 was about 1.4,
1.2 and 2.4 fold compared with that produced by the parent strain in the presence of glucose, maltose,
and mannitol, as a carbon source, respectively Also, from this table, it is clear that maltose stimulated
the production of CMCase by the mutant strain F. neoceras 4G-2 by about 1.2 fold of that produced
by the parent strain. In addition Table-8 shows that sucrose gave markedly low CMCase for the
mutant strain A. fumigatus 8G-2 (45 pg/ml), whereas mannitol gave low CMCasc for the mutant strain
F. neoceras 4G-2 (55 pg/ml). Also, Table-8 indicates that glucose and sucrose stimulated the
production of CMCase by the mutant strain F.neiceras 4G-2 by about 1.4 and 4.2 fold, respectively of
that produced by the mutant strain A. fumigatus 8G-2, whereas mannitol stimulated the production of
CMCase by the mutant strain A. fumigatus 8G-2 by about 2.8 fold than that produced by
F. neoceras 4G-2. In a previous study, EL-Zawahry et al. (1987) ©¥ reported that the highest
cellulase produced by T.koningii and A. niger were obtained in the presence of CMC-NA salt in the
basal medium as a source of carbon, whereas starch, cellubioase, sucrose, fructose and glucose gave
markedly low yield. The present data are in agreement with that recorded by several investigators ™
%) who indicated the great role of the carbon sources as inducer for CMCase and the other cellulases
by a wid varity of fungal isolates asA. niger, A. terreus, F. oxysporium, T. longibrachiatum,
T. reesei, T. pseudokoningii, A. chevelieri and P. steckii.
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Table (1): Fungal genera isolated from the different cellulosic wastes.

Baggase Rice Straw Wheat Straw Potato Peel
Fungal genera | No. of isolates No. of +ve No. of isolates No. of +ve No. of isolates No. of +ve No. of isolates No. of +ve
tested isolates tested isolates tested isolates tested isolates
Aspergillus 8 6 6 2 5 1 4 1
Fusarium 7 3 4 2 5 1 1 0
Penicillium 5 2 2 1 2 0 2 0
Total 20 11 (55%) 12 5 (41.7%) 12 2 (16.7%) 7 1 (14.3%)

Positive fungal genera were able to grow on pure and commercial cellulose and CMC for 7 days at 28°C

-51 total fungal isolates testes.
-No. of total +ve fungal isolates 19 (37.25%) isolates.

203



Fayka
Text Box
203


27 International Conference on Radiation Sciences and Applications, 28/3 - 1/4/2010

Table (2): Total protein, extracellular protein, reducing sugars and CMCase activity of T. viride
and the other selected fungal isolates.

" E | . 0 z
2 3 = |25 5. | 2.
8 2 5 2 82 | =& o £
ks S 5 o &8 | 35 g 3
2 c B 2 § o = (@)
L g w 2 k> (%
[

Standard Trichoderma viride 41.3 132.0 300.0 35.0
10 Aspergillus sp. 43.2 185.0 550.0 185.0
11 Aspergillus sp. 38.4 166.0 200.0 120.0
15 Aspergillus sp. 45.6 187.0 270.0 100.0
16 Aspergillus sp. 32.6 185.0 370.0 170.0
24 Aspergillus sp. 39.2 188.0 340.0 140.0
30 Aspergillus sp. 38.5 166.0 474.0 170.0
37 Aspergillus sp. 35.0 184.0 300.0 120.0
39 Aspergillus sp. 33.2 130.0 375.0 140.0
45 Aspergillus sp. 32.0 184.0 350.0 150.0
51 Aspergillus sp. 48.0 120.0 320.0 120.0
2 Fusarium sp. 38.4 240.0 480.0 690.0
3 Fusarium sp. 40.8 181.0 520.0 120.0
25 Fusarium sp. 44.8 140.0 450.0 150.0
32 Fusarium sp. 44.6 210.0 380.0 130.0
34 Fusarium sp. 45.6 170.0 470.0 280.0
38 Fusarium sp. 34.0 180.0 330.0 130.0
31 Penicillium sp. 454 186.0 525.0 125.0
33 Penicillium sp. 45.6 135.0 270.0 140.0
43 Penicillium sp. 31.8 215.0 290.0 90.0

* Values are mean of three replicates.
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Table (3): Growth of T. viride and the identified fungal species on filter paper, commercial
cellulose, pure cellulose and CMC as well as CMCase activity.

S
§ Mycelial dry weight (g/1) * .
3 Q £
— >
2 & 5 = S o 8 =
5 5 5 5 5 8 E Q Z2 2
8 c B = E 3 3 = o =
S 8 ° = o
0] o
Stan. T.viride +++ 2.94 0.98 1.29 35.0
2 F.neoceras ++++ 431 1.30 1.47 690.0
10 A.fumigatus +++++ 5.61 1.17 1.36 185.0
34 F.oxysporum 4+ 4.47 1.49 1.89 280

* Values are means of three replicates
+++ : well growth

++++: Very well growth

+++++; excellent growth
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Table (4): Growth and CMCase production by irradiated isolates of Aspergillus fumigatus and Fusarium neoceras grown on 1% CMC for 7 days at 28°C.

A.fumigatus F. neoceras
Mutant Mycelial dry | CMCase Mutant Mycelial dry | CMCase
isolates Dose (kGy) weight (g/l) activity (ug/ml) | isolates Dose (kGy) weight (g/l) activity (pg/ml)
Parent 0.0 1.73 465 Parent 0.0 1.97 700
G-1 0.50 1.87 455 G-1 0.50 0.63 1062
G-2 0.50 1.38 325 G-2 0.50 0.63 745
G-3 0.50 1.98 335 G-3 0.50 1.12 430
2G-1 1.00 1.93 455 2G-1 1.00 0.66 950
2G-2 1.00 1.81 435 2G-2 1.00 0.81 650
2G-3 1.00 1.37 280 3G-2 1.50 0.74 1015
4G-1 2.00 1.81 440 4G-1 2.00 0.40 895
4G-2 2.00 1.44 175 4G-2 2.00 1.74 1150
4G-3 2.00 2.00 210 5G-1 2.50 1.49 430
6G-1 3.00 1.26 403 5G-2 2.50 1.29 610
8G-2 5.00 151 925 6G-1 3.00 0.60 738
7G-1 4.00 1.01 465
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(5): Growth and CMCase production by irradiated isolates of
F. oxysporun grown on 1% CMC for 7 days at 28°C.
_ Dose (kGy) MyFeIiaI dry CM.C.ase
Mutant isolates weight (g/l) activity
Parent (control) 0.0 1.90 990
G-1 0.50 1.45 890
2G-1 1.00 0.57 623
3G-1 1.50 1.23 340
3G-2 1.50 1.26 685
4G-1 2.00 1.94 416
5G-1 2.50 1.38 370
5G-2 2.50 2.08 720
7G-1 2.50 0.807 615
(6): Effect of shake and stationary culture on CMCase activity by

A. fumigatus and F. neonceras and gamma irradiation mutants grown on 1% CMC

for 7 days at 28C°.

CMCase activity ug/ml”
Fungal strains and mutants Stationary
Shake culture
culture
A. fumigatus (parent) 40.0 35.0
A. fumigatues 8G-2 (mutant) 190.0 42.0
F. neoceras (parent) 800.0 620.0
F. neoceras 4G-2 (mutant) 920.0 480.0

* Values are mean of three replicates.
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Table (7): Effect of different nitrogen sources (1g/l) on growth and CMCase of A. fumigatus and F. neoceras and their gamma-irradiation mutants grown on
1% CMC for 7 days at 28°C.

A.fumigatus (Parent) A. fumigatus 8G-2 F. neoceras (Parent) F. neoceras 4G-2
= = £ = =) = £ =
2 £ ] E 2 E 5 E
= =2 £ > = = S >
. > > S 2 =, > S >
Nitrogen sources o £ 2 = o £ 2 £
= £=] = B = P= = 2
o & > 3 - & > &
E @ "5 @ E <1> 'E b
< < = @ 8 < = <
(s} S <5} (S} S D S
> (&) E > o
p © 2 O S O 2 O
Ammonium nitrate 110.0 350.0 270.0 600.0 380.0 1100.0 906.0 885.0
Sodium nitrate 316.0 260.0 820.0 450.0 1330.0 1000.0 1400.0 950.0
Potassium nitrate 150.0 310.0 210.0 500.0 672.0 750.0 1420.0 940.0
Ammmonium sulphate 300.0 320.0 680.0 500.0 800.0 1060.0 980.0 970.0
Magnesium nitrate 150.0 375.0 250.0 600.0 620.0 1125.0 1492.0 900.0
Ammonium chloride 300.0 260.0 488.0 625.0 790.0 920.0 974.0 1050.0
Lead nitrate 280.0 210.0 922.0 250.0 522.0 875.0 680.0 1000.0

*: Values are mean of three replicates.
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Table (8): Effect of different carbon sources on growth and CMCase activity of A. fumigatus and F. neoceras and their gamma irradiation mutants grown on
1% CMC for 7 days at 28°C.

A. fumigatus A. fumigatus 8G-2 F. neoceras F. neoceras 4G-2

(parent) (mutant) (parent) (mutant)

E E E E

— [=)) — [=)) — [=)) — =)

= 3 = 3 = 3 = 3

- = > - & > - 2 > _ = >

© = © = © = © k=

Carbon source T 5 2 T 5 2 % S 2 T 5 2

o = O O = Q o = O [ —— O

> D © > QO © > QO © > QO ©

S = @ S = @ S = @ S = @

by @ b 3 a 3 > &

o ) o ) o ) o O

b = = >

@) ©) ©) O
Glucose 2.64 130.0 3.39 180.0 2.52 260.0 2.65 260.0
Sucrose 3.75 36.0 3.96 45.0 3.26 170.0 3.39 190.0
Maltose 2.90 310.0 3.49 375.0 2.75 290.0 3.88 345.0
Mannitol 1.94 65.0 2.56 155.0 4.31 90.0 2.65 55.0

Values are mean of three replicates.
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CONCLUSION

Gamma irradiated fungal mutants were able to produce the highest levels of CMCase as
compared to parent strain.
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