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ABSTRACT

Fifty two stable mutants were induced from Aspergillus
Joetidus NRRL- 337, as auxotrophs and/or morphological variants
after irradiation with UV light for 3,6,9 and 12 minutes. These
mutants were tested for productivity of cellulase components
CMCase, FPase and P-glucosidase. Seven mutants showed more than
three fold CMCase activities of the parental strain, whereas five
mutants showed more than 2 fold increase in activities for FPase, and
three mautants showed more than 2 fold increase of B-glucosidase
activities compared to the wild type isolate.

The promising mutant No. 40 was used as a common parent
(A) for protoplast fusion with the original strain (B), mutant No. 22
(C) and mutant No. 45 (D). The induced stable fusants were
evaluated for cellulase activity. Out of these fusants (15), two (No. 2
and No. 12 ) fusants over yielded the higher parent (A) in the
CMCase activity, two (No.1land 14)showed (F P)ase activity less
than their lower parent (D), one fusant (No. 8) overyielded its higher
parent (A) in P-glucosidase activity, while one fusant (No. 15)
showed P-glucosidase activity less than that of its parent (D).

Key words: Aspergillus foetidus, cellulase activity, fungal enzymes,
mutants, protoplast fusion.
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1. INTRODUCTION

Cellulase is a multienzyme system, mainly endo, exo,- and B-
glucosidase, which are essential for the complete hydrolysis of
insoluble cellulose. A major barrier for the application of this enzyme
to convert of cellulose to glucose is the high cost of the enzyme. A
large number of fungi is reported to have cellulolytic activity such as
Aspergillus Spp.. and Trichoderma Spp. 1t has been shown that, for
the complete hydrolysis of insoluble cellulose, synergistic action
between cellulase components is required. Although Trichoderma
cellulases are most effective in hydrolysing crystalline cellulose, the
predominant end product is cellobiose and not glucose.

Aspergillus species are better sources of P-glucosidase than
Trichoderma and their B-glucosidases are less susceptible to end-
product inhibition (Araujo et al, 199:). Kirimura ef al., (1997)
reported that the fusion frequency was 10- 10 for the interspecific
protoplast fusion between A.terreus and A uwsamii, in which
protoplast formation was 3.9x1 0° and 3.2x10%ml, respectively.

Ogawa et al., (1987) made intraspecific hybridization in
Trichoderma reesei upon protoplast fusion using colour mutants and
obtained some heterakaryon as well as some diploid fusants. They
reported that CMCase activity for the heterokaryons reached 10.72
w/ml, whereas the parental strain produced 13.78 w/ml and diploids
cave 10.89 u/ml, whereas (-glucosidase activity was 0.295 w/ml for
heterokaryons compared to 0.398 u/ml for the parental strain and
0.297 wml for diploid fusants. They concluded that it is possible to
use colour mutants to monitor the successful fusion of protoplast in
the fungi.

Schimenti et al., (1983) isolated some nystatin resistant mutants
from Trichoderma reesei which showed increased cellulase yields.
Certain mutants derived from the hypercellulolytic strain RUT-C30
overyielded their parental isolate in cellulase production, but these
strains proved to be unstable and reverted to the basal enzyme yield.
Mishra and Gopalkrishnan (1984) obtained some cellulase
constitutive mutants in Trichoderma reesei and reported that the
mutant strain C-5 showed filter paper degrading activity (FPA) on 1%
sucrose reached 0.48 U/ml compared to 0.01 U/ml for its original
strain QM 9414. When this mutant grows on 1% cellulose (Solka-
Floc) as a carbon source, it gave 1.8 U/ml compared to 1.5 U/ml for
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the parental strain. With regard to B-glucosidase activity, the mutant
“strain C-5 showed 0.68 U/ml, whereas its wild type strain gave 0.66
U/ml. When this mutant grows on 2% cellulose, it showed 4.5 U/ /ml
for (FPA) and 1.1 U /ml for B-glucosidase activity under the same
conditions. Araujo and D’Souza (1986) studied cellulolytic enzyme
components produced by Aspergillus terreus ATCC 52430 and its
mutant UNGI-40 and reported that after the cellulase was resolved
into various cellulolytic fractions, their purity was judged by
analytical disc electrophoresis. They stated that B-glucosidase,
endoglucanase and exoglucanase of the wild strain differed in their
molecular weights from those of the mutant strain. They added that
the enzyme activities differed according to differences in molecular
weights. Durand ef al., (1987) isolated a number of strains of the
fungus Trichoderma reesei suitable for cellulase production upon six
mutant generations, each generation fulfilling the three criteria,
improved productivity compared to the previous generation. However,
high stability and ability need to be further improved. They selected
the mutant strain CL. 847 which exhibited a four-fold increase in
cellulase productivity in cellulose media as compared to the starting
strain QM 9414, with increased B-glucosidase activity. Strauss and
Kubicek (1990) obtained a mutant strain from Trichoderma reesei
after y-irradiation of the strain QM 9414, namely M8 which did not
form [-glucosidase when grown on glucose, whereas it secreted B~
glucosidase upon growth on celiobiose with an activity of 0.370
compared to 0.300 U/ml in the parental strain. This mutant was also
able to grow on cellulose, but secrets B-glucosidase with a longer lag
activity reaching 0.140 U /ml compared to 0.230 I. U/ml in its
parental strain.

Araujo ef al., (1991) used mutation induction strategies on
Aspergillus terreus to increase cellulase production of the strain
ATCC 52430. They applied UV —rays as a mutagen on spores using a
UV lamp with a wavelength of 250 nm at 30 cm distance for 30, 60
and 90 second. They isolated a mutant strain having 3.5, 4.6 and 3.3
fold increases in filter paper, B-glucosidase and carboxmethyl
cellulase activity, respectively, compared to the original strain. They
added that cellulase activity U /ml reached 0.52, 0.61 and 0.46 for
FPA, 0.84, 1.02 and 0.90 for B-Gl-Case and8.7,9.5and 9.4 for
CMCase at 30,60 and 90Sec., respectively as an average activities of
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4 isolates in each. Cellulase activity ( U/ml) for the control strain
was 0.28(FPA), 0.33 (B-GLCase) and 5.2 (CMCase). Gadgil e al.
(1995) isolated a cellulase hyperproducing mutant upon treatment of
Trichoderma reesei QM 9414 using a combination of UV light and
sodium nitrate treatment. Enzyme activity in liquid culture reached
0.36 p/ml for the parental strain compared tG 0.54 in the mutant strain
for FPA reaction, 0.30 in the parent and 0.32 in the 1autant for B-
glucosidase, 3.6 in the parent compared to 6.5 in the mutant for
CMCase activities.

2. MATERIALS AND METHODS

In this investigation, an introduced strain of the fungus
Aspergillus foetidus namely NRRL 337 was used for the induction of
mutations. The aim of the present work is to evaluate the induced
mutants concerning production of the enzyme cellulase. Protoplast
fusion between the, higher producing mutants for this enzyme to
obtain high productive fusants was also one of the aims of this study.

2.1. Mutagenic treatment

A Phillips TUV 30 W Lamp (type number 57413 P140) was
used as the- source of radiation. Samples from spore suspension of 4.
Joetidus NRRL 337 were irradiated at 20 cm distance from the lamp
for 3,6,9 and 12 minutes. Colonies, which gave growth on (CM) but
not on (MM) plates, were considered auxotrophs. In addition, some
morphological mutants were isolated according to colony shape and
colour to be tested.

2.2. Media-
I- Minimal medium (MM) Czapek’s medium was used for
autotrophic strain as described by Ainsworth and Bisby (1945).

2- Complete medium (CM): Contains Czapek’s medium

supplemented with 0.5% peptone and 0.5% yeast extract.

3- Production medium (PM): as described by Haapala et al. (1995)
which consists of : Solka Floc (Cellulose Floc-division BW, USA)
30 g, KH,PO; 10 g, (NHy), SO, 5g, Mg SO,. 7TH,0 0.3g, Ca Cl,.
2H,0 0.4g, Fe SO4. H,0 0.005 g, Urea 1.5 g, proteose peptone 3g,
yeast extract 1 g, Tween 80 1 mi and 5 ml trace elements solution
(Mn 8O4. H,0 1.6 g, Zn SO,.7H,0 1.4 g and CoCl, 2g) completed
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to 1 liter with distilled water. The pH of the growth and production
media after sterilization was 5.3.

2.3. Production of Cellulase

Conical flasks containing 50 ml of PM medium were inoculated
with 5 ml of spore suspension from 5 day old slant cultures of parent
and mutant strains separately. The flasks were incubated at 30°C on
a rotary shaker (200 rpm) for 10 days. The content of each flask was
centrifuged at 5000 rpm for 10 min at 0°C to remove mycelium and
release the enzyme in the clear supernatant, which was tested on the
spectrophotometer for the filter paper activity (FPA), carboxymethyl
cellulase (CMCase) activiy and B-glucosidase activity.

2.3.1. The filter paper activity (FPA)

This test was performed as described by Mandels et al. (1976)
as follows: % ml diluted culture supernatant was added to % ml citrate
buffer along with 25 mg of Whatman No.l1 filter paper. After
incubation for 1h at 50°C, the reaction was terminated by adding 1.5
ml dinitrosalicylic acid (DNS) reagent and boiling for 10 min, then 2
mi distilled water were added to the solution and, after cooling,
absorbance was measured at 540 nm. One unit of FPA (Iz/ml)
activity was expressed as 1u mol glucose equivalent released per min.

2.3.2. Carboxymethyl cellulase (CMCase) activity)

According to Saddler (1982), this test was made as follows: Y4
ml of the supernatant (enzyme extract) was added to % mlof 1%
carboxymethyl cellulose and % ml of citrate buffer 0.1 M, pH 4.8, at
50°C for 30 min. The reaction was terminated by adding 2 ml of
DNS reagent and boiling for 15 min. After cooling, 2 ml distilled
water was added and then , measuring the absorbance at 540 nm.

One unit of CMC ase activity (I U) is equivalent to the released
14 mol glucose equivalent per min.

2.3.3. f-glucosidase activity

It was conducted as described by Bailey and Nevalainen
(1981) as follows: 0.1 ml of enzyme extract was added to 0.9 ml of
(NPGP)4-Nitrophenyl-B-D-Glucopyranosice. After incubation forl0
min at 50°C,the reaction was terminated by addinglml of 1M Na,CO;_
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then diluted by adding 2 ml distilled water . The colour formed, due
to the 4-nitrophenol liberated in the alkaline environment, was
measured at 400 nm against a blank containing buffer solution.

One unit of enzyme activity (U /ml) represnts the amount wh ich
liberated 1p mol of 4- nitrophenol from the reaction mixture per min.

2.4. Protoplast fusion

Protoplast fusion was performed according to the method
outlined by Kirimura et al. (1986). For this purpose, the original strain
of A.. foetidus NRRL 337 as well as two morphologinally different
mutants were chosen for protoplast fusion, individually with the
highest cellulase productive mutant strain (No. 40) as a common
parent. Conidia from each of these isolates were inoculated in 60 ml
liquid growing medium and then cultivated with shaking (120 rpm) in
flasks (250 mi) at 30°C for 24 hours. Growing mycelium was
collected and washed twice, then suspended in 10 mi of lytic enzyme
(Novozyme 234) and 0.7 M KCl, as an osmotic stabilizer, in 0.05 M
potassium phosphate buffer at pH 6.0 . After 3.5 hours of incubation
with shaking (90 rpm) at 30°C, formed protoplasts were collected by
low centrifugation and washed three times with a stabilized buffer.

Protoplast formation was examined and counted under the
microscope using 0.1 ml of the dilute (107) protoplast suspension on
the hemocytometer.

Protoplasts prepared from each of the three parental strains
(W.T., No. 22 and 45) were mixed individually with protoplasts from
the common parent strain (No.40) by which three mixtures were
performed. Each mixture was slowly diluted with stability buffer,
then incubated at 30°C for 15 min. Regeneration of protoplasts was
performed by dilution to 10" Samples of 0.2 ml were plated on 20 ml
of the hypertonic medium and incubated at 30°C for 7 days.

Regeneration frequency was estimated as the ratio between the
number of colonies formed to the number of protoplasts plated.
Stable fusant colonies for growth shape and colour along with their
parental mutants were tested for cellulase productivity.
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3. RESULTS AND DISCUSSION

3.1.Mutation percentages

Application of UV light treatments on 4. foetidus NRRL 337 at

different exposure times resulted in different survival rates as well as
different mutation percentages as shown in Table (1). At 3 minute
treatment, survival rate reached 32.31% accompanied with mutation
percentage of 25% , whereas at 6 min., survival was 27.54% with
mutation rate of 26.92%. The treatment for 9 min., gave survival rate
of 22.83%, whereas the treatment for 12 min had survival rate of
18.72% only accompanied with mutation percentages of 22 .23% and
30.35%, respectively.
' As shown in Table (1) out of 400 tested colonies, only 52 stable
mutants were obtained, 11 of which after the treatment at 3 min., 14 at
6 min., 10 at 9 min. and 17 at 12 min. Some of these mutants were
selected as morphological variants which differed from the original
strain, others were chosen as auxotrophs, or both.

Table (1): Survival and mutant rates in A.foefidus NRRL-337
after treatment with UV light.

Survival B

Exposure No. of tested | No. of stable | Mutant
time (min) % colonies mutants . %
Control 100.00 150 0.0 0.0
3 3231 44 | . 25.00
6 27.54 52 14 26.92
9 22.83 45 10 =22.22
12 18.72 56 17 30.36
Mean 2538 . | 47.25 13.0 26.12

3.2. Productivity of Cellulase components by A.foetidus strain
and ifs mutants

As shown in Table (2) the original strain NRRL-337 showed

CMCase activity of 1.03 U/ml in the fermented broth. However, out

of the 52 induced mutants, 2 lost their productivity of CMC ase, one

of them (No.7) from the treatment 3 min and the other (N0.20) from

the treatment 6 min. In addition, 14 mutants showed production
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capacity lower than the original strain, from treatments 3,6 and 12
min. exposure time. Furthermore, 11 isolates produced this enzyme in
a capacity similar to their parental strain. On the other side, 25 isolates
showed enzyme activities more than the parental strain, 7 of which
showed activity three times more than the original strain (No. 27, 30,
32, 38,40, 42 and 45). These promising 7 mutants were induced after
UV treatment for 9 or 12 min. Their productivity reached 3.31, 3.37;
3.40, 332, 4.12, 3.57 and 3.64 U/ml, respectively. Araujo ef al.
(1991) obtained a mutant strain of Aspergillus terreus upon UV
treatment which produced 3.3 fold increase in CMCase activity.
Moreover, they isolated 4 mutants which gave an avaerge of 8.7, 9.5
and 94 U /ml for CMCase activity at 30, 60 and 90 sec.lJV-
treatments, respectively compared to 5.2 U/ml in the ccntrol strain.
Gadgil et al. (1995) selected a mutant strain of Trichoderma reesei
which showed CMCase activity of 6.5 compared to 3.6 U /ml in the
wild type.

With respect to FPase activities, Table (2) shows that 13
mutants failed to produce this enzyme, whereas 19 mutants had
activities lower than the wild type as it gave 0.48 U/ml of the enzyme
activity. Meantime, 3 mutants (No. 7, 43 and 51) gave activities as the
original strain, while the remainder 17 mutants overyielded their
parental isolate. Most of these high nroductive mutant strains were
obtained from the treatmesnt 12 min (7 mutants) and the treatment 6
min. (5 ones). The most promising five mutants (showing more than "
2 fold increase activity) No. 2, 40, 45, 46 and 47 produced 1.02, 1.62,
132, 1.02 and 1.00 U /ml, respectively. In Trichoderma reesei,
Mishra and Gopalkrishnan (1984) obtained the mutant strain C-5
which showed FPase activity 0.48 compared to 0.01 U/ml for its
original strain. When this mutant was grown on 2% cellulose it
showed 4.5 U /ml FPase activity. Araujo et al., (1991)isolated a
mutant strain from Aspergillus terreus having 3.5 fold increase in
FPase activity upon UV irradiation. They selected 4 mutants which
averaged 0.52, 0.61 and, 0.46 U /ml FPase acty~ities the 30, 60 and 90
sec-UV-treatments, respectively compared to 0.28 U /ml for the
control strain . Also, Gadgil ef al., (19Y5) obtained a mutant strain of
Trichoderma reesei which showed FPase activity of 0.54 compared
to 0.36 U /ml for the parental strain.
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Table (2): Cellulase activity for A. foetidus NRRL-337 and its induced mutants on fer tation media.
Uy,
Isolates and time of CMCase F Pase B-giucosidase
exposure
WT. 108 048 145
3 min
1 1.53 0.00 115
2 2.08 1.02 0.77
3 1.10 0.16 0.97
4 0.75 0.00 162
5 0.83 0.00 0.9
6 092 0.63 1.56
7 0.00 0.48 292
2 1.18 (.30 1.94
9 1.77 0.69 021
10 0.91 0.00 147
11 L.71 0.15 272
6 min
12 120 042 22
I3 1.56 _ 0.30 2.09
14 1.07 032 193
15 1.14 0.63 2.00
i6 1.12 0.60 1.02
17 1.06 0.14 2.16
18 042 0.14 1.77
1% 110 0.60 1.85
20 0.00 032 142
21 L.10 0.61 1.53
ard 1.10 0.70 298
23 1.17 0.30 248
24 0.75 0,15 1.19
25 0.86 0.12 043
9 min
26 1.53 0.00 1.92
27 331 0.00 1,84
28 291 018 1.36
2 2.87 0.70 0.24
30 337 0.00 2.21
31 272 0.00 1.02
32 3.40 0.63 0.62
33 281 0.15 .59
34 2.70 039 1.42
335 213 0.00 o194
12 min .
36 052 0.70 217
37 1.66 021 i.36
33 332 0.00 2.56°
g 1.98 0,00 117
40 412 162 345
41 092 0.12 1.66
42 357 0.00 1.30
43 270 0.48 10.57
44 0.83 0.75 1.72
45 364 132 1.92
46 217 102 0.72
47 0.82 1.00 1.50
48 0.16 0.00 1.26
49 133 0.63 1.68
1t 0.37 036 1.14
51 0.58 0.49 1.18
52 1.07 0.34 228
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Regarding B-glucosidase activities, the W.T strain had an
activity of 1.45 U/ml, whereas 20 mutants showed an activity lower
than it (Table 2) . In addition, out of the ‘induced meitants, 4 had
enzyme activity similar to their parent, while the remainder (28
mutants) overyielded the original strain, most of which from the
treatments for 6 min. (9 mutants) and 12 min. (10 mutants). Qut of
these high yielding isolates, 3 of them (No. 7, 22 and 40) had B-
glucosidase activities 2 fold more than the wild type activity,
producing 2.92, 2.98 and 3.45 U/ml, respectively . In Trichoderma
reesei, Mishra and Gopalkrishnan (1984) reported that the mutant
strain C-5 shcwed B-glucosidase activity of 1.1 U/ml compared to
0.66 U /ml only in its parental strain. Strauss and Kubicek (1990)
obtained the mutant strain M8 after y- irradiation of Trichoderma
reesei  which secreted B-glucosidase with an activity of 0.370
compared to 0.300 U /ml in the wild type. In Aspergilius terreus,
Araujo et al. (1991) isolated a mutant strain which produced 4.6 fold
increase in B-glucosidase activity after UV treatment. They selected
four mutants which averaged 0.84, 1.02 and 0.90 (U /mly for B-
glucosidase activity at 30, 60 and 90 sec treatments, respectively
compared to 033 U /ml for the W.T. Also Gadgil et al. (1995)
isolated a mutant strain of 7. reesei which gave B-glucosidase activity
0f 0.32 compared to0 0.30 U /ml for the original strain.

Table (3): Protoplast formation in the 4 parental isolates of 4.
Joetidus after 3% hours of Iytic enzyme treatment.

[ Parental isolate | Number of Protoplast yield /ml |
protoplasts formed
A (40) 11 11X10°
B (W.T) 12 12X10°
C(22) 10 10X10°
D (45) 9 9X10°
Mean 105 10.5X10°

3.3. Protoplast fusion and cellulase production

It is well known that protoplast fusion technique may produce
stable diploid recombinants from which geneticists can select the
desired genotype.Therefore,the three mutants  No. 22 ,40 and 45
along with the original strain were chosen as parental isolates
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(designated C, A, D and B, respectively) according to their cellulase
activities and morphological features. Colour and shape of colonies
of these parental isolates are shown in Figure 1 ( the upper 4 colonies,
from right to left mutant No. 40 (A), W.T (B), mutant No. 22 (C) and
mutant No. 45 (D), respectively).

Table (4): Percentages of fusion and regeneration frequency
between the four parental isolates.

Fusion Fusion No. of stable | Regeneration

system frequency | fusants frequency
AxB 1.60 % 6 037 %
AxC 1.45 % 4 0.27 %
AxD 1.55% 5 0.32 %
Mean 1.50% 5 0.33 %

Table (5) shows cellulase components productivity for these
parental strains along with the estimated mid-parent values.

Protoplast fusion between the high productive mutant No. 40
(A) as a common parent and each of, the W.T (B), No. 22 (C) and No.
45 (D), was carried out to obtain new recombinants (fusants) with
high cellulase production capacity. Stages of pretoplast formation in
mycelia of 4. foetidus strains are shown in Figure (2). Protoplast
formation in Aspergillus foetidus isolates used in this study averaged
10.5x10%/ml upon using myceha of 24 hr. age (Table 3). Kirimura et
al. (1997) obtained 3.2x10°ml protoplasts in 24 hr. aged mycelia of a
mutant from 4. usamii.

Results presented in Table (4) indicated that fusion frequency
ranged from 1.45% to 1.60% with an average of 1.,0%, though
regeneration frequency ranged from 0.27% to 0.37% with an average
of 0.33%. A total of 43 colonies were obtained from the three fusion
systems, 15 of which were morphologically stable. Some of the stable
fusants resembled one of their parents morphologically, whereas
others showed intermediate phenotypes while the remainder gave
new recombinant phenotypes (Figure I).

With regard to enzyme production in the 15 stable fusants, data
in Table (5) showed that CMCase activity for fusant no.2 reached
4.66 U /ml exceeding the higher parent A (No.40) which gave 4.12
U /ml. On the other side, fusant no .4 showed CMC ase activity
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Plate : a

AxD ASE AXB

Plate: b

Figure (1): Plate (a): colour and shape of colonies for the parental
isolates used in protoplast fusion ( the upper 4 from
right to left A, B, C and D ) along with some of
their fusants ( the lower 3 from rightto left AXB,
AxC and AxD)

Plate (b):pellets size and colour for the pare
(from right to left B, A, C and D).

ntal isolates
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Plate : a

Plate: b

Figure (2): Stages of protoplast formation from mycelia of A. foetidus
isolates after treatment with the lytic enzyme
Plate a: mycelia before lvtic digestion
Plate b: mycelia after 2 hr of Ivtic digestion
Plate ¢: free protoplast after 3 hrof lytic digestion
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similar to its lower parent B (W.T). The remaining 4 fusants of the
combination AxB (no. 1,3,5 and 6) showed activities within the
parental range for this enzyme (Table 5).

Table (5):Cellulase component activity in the parental strains
used in protoplast fusion (U/ml) along with the 15
stable fusants.

Strains and | CMCase F.Pase p-glucosidase

Fusants

40 (A) 4.12 1.62 3.45

W.T (B) 1.08 0.48 1.45

22 (C) 1.10 0.70 2.98

45 (D) 3.64 1.32 1.92

AxB 2.06 1.05 2.45

1 2.13 1.12 1.44

2 4.66 0.93 1.82

3 2.717 0.65 2.98

4 P 1.05 1.65

2 2.18 0.48 2.54

6 3.70 1.34 1.98

AxC 2.61 1.16 3.21

7 2.98 0.74 2.86

8 1.12 0.65 .78

9 3.18 0.84 1.85

10 1.91 1.21 2.35

AxD 3.88 1.47 2.68

11 3.67 0.64 1.98

12 4.25 131 | 2.86

13 2.70 1.25 1.97

14 3.74 0.37 212

15 3.85 1.47 1.70

* mid parent value

The system AxC produced 4 fusants, one of which (no. 8) gave
an activity similar to its lower parent C, whereas three (no.7,9%and 10
) had activities within their parental range (Table 5). The combination
AxD gave 5 stable fusants, one of which (no. 12) exceeded its
higher parent A in this respect producing 4. 25 U/ml, while fusant
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(no.13) produced an enzyme less than its lower parent D, whereas
(no. 11, 14 and 15) gave productivities within the parental range
(Table 5). With regard to F. P ase activity in the 6 fusants of the
system AxB, one (no.5) showed 0.48 U /ml like its lower parent (B),
whereas the remaining ones (no.1,2,3,4 and 6) gave activities within
their parental range (Table 5). Out of the 4 fusants of the system AxC,
3 showed activities similar to that of the lower parent C (no. 7,8 and
9) whereas the fourth fusant (no. 10) had a moderate activity of 1.21
U/ml. The system AxD gave five stable fusants, two of which (no.12
and 13) showed activity near that of their lower parent D, two fusants
gave activity less than it(no.11 and 14), whereas the remainder one
(n0.15) had activity similar to the mid-parent value (Table 5). With
respect to B-glucosidase activity, the system AxB had 6 stable fusants
one of which (no.1) showed activity like its lower parent B, whereas
the remainder ones had activities within their parental range (Table 5).

The system AXC gave 4 stable fusants, one of which (no.8)
overyielded its higher parent A giving 3.75 U /ml, whereas the
remainder ones (no.7, 9 and 10) showed activities less than that of
their lower parent. In the combination AxD, out of the 5 fusants, one
(no.15) had activity less than its lower parent D, whereas 2 fusants
gave similar activity as this parent (no.ll and 13), while the
remaining 2 (no. 12 and 14) had activities within their parental range
(Table 5). In Trichoderma reesei Ogawa et al. (1987) obtained some
heterokaryons as well as some diploid fusants upon protoplast
fusion using colour mutants. Activity of CMCase reached 10.72 z/ml
for the heterokaryons compared to 10.89 U/ml in the diploids,
whereas the parental strain gave 13.78 U/ml. They reported that 3-
glucosidase activity was 0.295 U/ml for heterokaryons compared to
0.398 (U /ml) for the parental isolate and 0.297 (U /mt) for diploid
fusants. They concluded that it is possible to use colour mutants to
monitor the successful fusion of protoplast in fungi.

From our results it can be concluded that the induction of
mutations in A.foetidus may lead to genetic changes by which mutants
differed morphologically and physiologically. Also, protoplast fusion
between the induced mutants of this fungus caused some genetic
changes in genes affecting cellulase component production. It is
possible, however, that changes may be a consequence of parasexual
recombination in the fungal genome.



-130-
4. REFERENCES

Ainsworth G.C. and Bisby G.R. (1945). A dictionary of fungi. The
Imperial Mycological Institute, 22 ed., Knew Surrey,
England.

Araujo A. and D’Souza 3. (1986). Characterization of cellulolytic
enzyme components from Aspergillus terreus and its mutants.
Ferment. Technol. 64 (5), 463-467. ’

Araujo A., Ward O.P. and D’Souza 3. (1991). Use of mutation
strategies applied t0 Aspergillus terreus ATCC 52430 to
obtain mutants with improved cellulase productivity.
Biotechnol. Techniques 5 (4), 283-288.

Bailey M.J. and Nevalainen K.M. (1981). Induction, isolation and
testing of stable Trichoderma reesei mutants with improved
production of solubilizing cellulase. Enzyme Microb.
Technol. 3, 153-157.

Durand H., Clanet M. and Tiraby G. (1987). Genetic improvement of
Trichoderma reesei for large scale cellulase production.
Enzyme Microb. Technol. 10, 341-346.

Gadgil N.J., Daginawala ILF. Chakrabarti T. and Khanna P. (1995).
Enhanced cellulase production by a mutant of Trihoderma
reesei. Enzyme Microb. Technol. 17, 942-946.

Haapala R., E.Parkkinen Souminen p. and Linko S. (1995).
Production  of extracellular enzymes by immobilized
Trichoderma reesei in shake flask cultures. Appl Microb.
Biotechnol. 43, 815-821.

Kirimura K., Yaguchi T. and Usami S. (1986). Intraspecific
protoplast fusion of citric acid producing strains of
Aspergillus niger. j. Ferment. Technol. 64, 373-379.

Kirimura K., Sato "1".NakanishiN.TeradaM. and Usamii S. (1997).
Breeding of starch utilizing and itaconic acid producing Koji
molds by interspecific protoplast fusion between Aspergillus
terreus and Asperigillus usamii. Appl. Microbiol. Biotechnol.
47, 127-131.

Mandels M. Andreotti R. and Rocke C. (1976). Measurement of
saccharifying cellulase. Biotechnol. Bioeng. Symp. 6, 21-26.



-131-

Mishra S. and Gopalkrishnan K.S. (1984). New method for isolation
of cellulase constitutive mutants in 7richoderma reesei and
partial characterization of one. Ferment. Technol. 62 (6),
495-500.

Ogawa K., Brown JA. and Wood T.M.(1987). Intraspecific
hybridization of Trichoderma reesei QM 9414 by protoplast
fusion using colour mutants. Enzyme Microb. Techol. 9, 229-
232.

Saddler J.N. (1982).Screening of highly cellulolytic fungi and action
of their cellulase enzyme systems. Enzyme Microb. Technol.
4, 414-418.

Schimenti J., Garrett T. Montenecourt B. and Eveleigh D.E. (1983).
Selection of hypercellulolytic mutants of Trichoderma reesei
based on resistance to nystatin. Mycologia 75 (5), 876-880.

Strauss J. and Kubicek C.P. (1990). B-glucosidase and cellulase
formation by a Trichoderma reesei mutant defective in
constitutive B-glucosidase formation. J. General Microb. 136,
1321-1326.

Aspergillus foetidus jad A s gial) gradll s i jdlal) abadiud cibin) i
Selgalead) ag5i Asalidl A A 550 Cpeadll

Sl A Aakld
M — il — iall agll S5l — sl s 2y o
uadls

~337 Al 3 ARy i aad Can ia sk Al all 238 Cy
@l il Santiad Cladl ful A e (el Gala ja) haé s NRRL
Oan: On sl madl LS aladiu) S Dpaudtd) (398 dakyl Aldedll (e
aeriall g oy gkl e ol g GLA Y1 Y Gall 8] ae & jilall 028
( CMCase sl ll oyl il 5s8a ptal o 5 sl Cum (e dylall
ALV AN 3 ie g B- glucosidase — F.P ase )

t b le I lgle Jiasiall ol aal g



132~

LV ADL W e ca Bae i1 52 Je g Cilaatiad oS
s—aiy Jeedl Ay o sl akaiin Y lealins Un glgnads Liaslgd 00
400 Nsn Cm B SV b il ikl oda g ALalSH Al e bt
- AndYU Wdladdl (e 4356 5 yantione
A dlinall Salgl Wl il oS e Lgiualily i ghall o3a < yzal
e Y OSall L5l e Alle 5508 Lgie o ik 7 e el
1gd Al ADLA dalml JUd 28 e & 3 <y CMC ase
.ﬁ_').'i'}”
F.Pase J o 3¥ osSall Ll o Alle 508 @b jika 5 &yl
ALY} ADL Wl Sl oy (e ESH Jalad Bal § cudac]
DUl 2Ll a8 4 e Jobed 53y 3 5 a0 <l il 3 ke SIS,
. B-glucosidase a3 31 oSl (o ALY
2abi e o jide SIS (40) o8, ikl Las) 3 (s glad el ol Y
Lalil 045 ¢ 22 A8 Skl (e DS pa g Aabea¥l ADL) e el
400 il Gl sda (ya Aaadall OV Jall pamy Je Jgeanll gAY
O 3 3al Lol Gl pani il JS1 L) 3 pmedll Cugaa ey —
- leale Al
S a—al el i jextiis (o e 440 daedia Ban g 15 lasil Ad
Y O sSal i 6 T8 U ekl (il 12 ¢ 2 a8y (il 3l Lgia
G Ao (40 485 ) dals) e 45 5 sl e CMC ase
Os—Sall b leg—pali dlams 14 ¢ 11 A ol el & yelal
ady) Latw J8) oo Jithall apalii) (ye J8§ F.P ase e i)
(45
=2 (40 a8 U ) Je¥ W e s 8 Q8 A all <yl
Asenidl 3l o (a Je B-glucosidase e 31 o sSall # L
Ie Lalail JAY1 (551 il 8 gie (&5 Lali < jelal 15 48
(45 ML) e iY sSal

Glani wl caila g 1Al madll SliSs o JAll Sl 3 (e (S

oaafisd ala paall hab (he Al Baaa A1 55 il 6 ey o oSy o ilall
- Al AL e Gl sald) a3 il S e Taliil o) Lguans 555

Js¥) 22el (52) alaall — 5,8l dasla — ded 31 400 Aalall Aladl
132-115:(2001 sy



