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Abstract: Seven cellulytic fungal isolates were achieved referred to Trichoderma species
isolated from different soils from ancient town Ayutthaya in Bangkok/ Thailand. The
isolates were subjected for two screening methods primary and secondary screening to
select the most cellulases productivity. From screening results, it cleared that the isolate
which marked (T5) was the best. Cultural and microscopial identification tests showed
that it refers to Trichoderma reesei. The UV light mutant isolate for 20 min. which
marked (Tr-UV 20) achieved a high productivity of cellulase which was 17.38U/ml.
while the mutation operation by Gamma ray (2KG) showed increasing in production
ability for the isolate marked (Tr2-G2) which was 28.55U/ml. Using Nitrosoguanidine
achieved great success in increasing cellulase productivity which was 42.26U/ml for the
mutant isolate marked (Tr-NTG3), it was 5 times of their parents.

Keywords: Cellulose, Gamma ray, Trichoderma reesei,

INTRODUCTION

Cellulose is one of the abundant chemical compounds on the earth for its existence in plant tissues. It is
non crystalized material, non-soluble in water, composed of linear homogenized poly saccharides of
glucose unit conjugate with each other by B-1,4- Glucosydic linkage, it could be transferred to a usable
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material by degrading these linkages by cellulases which work to analyze cellulose to simple saccharide
that microorganisms could use it industrial fermentations to produce different useful materials such as
ethanol and single protein (11, 28, 21). Cellulases are group of enzymes (Endoglucanase, Exoglucanase
and B-glucosidase) work together to analyze cellulose. In spite of possession many organisms these
enzymes but the most important source is microorganisms specifically fungi (10, 16) which acquire a
great interest and studies more than that produced by other groups of microorganisms (25, 22). Generally
cellulases used in detergent and tissues industry, pulp making and biofuel production (8, 24, 27). The
world market estimate about 1.6 billion Dollars for enzyme production, 56% of them for industrial
technology, and there are three companies around the world controlled enzyme production, Novo Nordisk
44%, Gerencor International 21% and DSNN.V. 18%, and there are little producers and distributers in
North America, Europe and Japan and remain 27% belong to China (30).

Improving fungal strains productivity for industrial production is an important step for all industrial
fermentation for reducing production costs and ability to gain desire properties, and because
microorganisms produce little amounts of enzyme which make them with no economic benefit (23). So
the importance of bio industrial is cleared here which achieved a big success in increasing these products
by genetic engineering using mutation as one of genetic vibration source. The aim of this study is to
improve cellulase productivity of fungal isolate by using physical and chemical mutagens.

MATERIALS AND METHODS

Experiments were executed at biomass unit/science College / Chulalongkorn University/ Bangkok/
Thailand. The experiment of mutation by Gamma ray was executed at Biotechnology Center/Wyatt
Technology Corporation, Santa Barbara, CA.

Samples collection: Soil samples were taken from 15 ¢cm in depth after removing 5 cm of soil surface
from old ancient Ayuthaya city in Bangkok. Samples were kept in polyethylene bags until using.

Isolation method: Fungal isolates achieved by serial dilution method according to (15).
Culture media:
1. Potato Dextrose Agar (PDA): used for activation and storage the isolates.

2. Primary screening media: This media was used for detection of fungal isolate ability to produce
cellulases by observing clear zone diameter, this media prepared according to the method
mentioned by (37) which contains: Carboxy methyl Cellulose (CMC)-10g, MgS0O.4.7H,0-0.5g,
NaNOz-2g, KCL-0.5¢, K;HPO,-1g, Agar-20g, pH =6.0.

3. Cellulase production media: prepared according to the method mentioned by (17) which contains:
Carboymethyle Cellulose (CMC)-10g, NaNOsz-2g, K;HPOs,-1g, MgS0.-0.59, KCL-0.5g,
CuS04.7H,0-0.005g, MnS04.7H,0-0.0016g, ZnSO4.7H,0-0.0014g, COCL..6H,0-0.002g.

4. Rose Bengal media: A special media for Trichoderma species prepared according to the method
mentioned by (2) which contains: Glucose-3.0g, NHsNOs-1.0g, MgSQO,4.7H,0-0.2g, K:HPO,-
0.9g, KCL-0.15¢g, Chloromphenicol-0.25g,Rose-bengal-0.15g, Agar-20g, pH =6.0.
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5. Mutant isolation media: prepared according to the method mentioned by (18) that contains:
cellulose-10g, Urea-0.3g, (NH4)2SO4-1.4g, KH»P04-2.0g, CaCl,- 0.3g, MgS04-0.3g, yeast
extract-0.25g and peptone 0.75g and agar-17.5g.

Spore suspension: It is prepared by adding 5 ml of 1% sterilized Tween 80 to fungal culture growth in
test tubes contain PDA media. Shaking tubes and scraped the culture to gain spores. 1ml of this
suspension was added to 9ml of 0.85% NaCl solution, and from this spore suspension serial dilutions
were prepared and the count was done by Haemocytometer (34). The spore suspension was added to
production media with ratio of 4%, incubated in shaker incubator on 28+2°C with 150 rpm for 5 days.

Identification of the isolate was done according to identification keys mentioned in (4, 26).

Detection of cellulase production ability: the detection was done by cutting a disc of grew fungal
colony by needle to a petri dish contains detection media, and then incubated on 28+2°C for 5 days. The
red Congo dye 0.1% was prepared, and then added to the petri dish for 10 min., washed by (1N) NaCl for
15 min. many times. Cellulase production ability of fungal isolate was calculated according to the
equation mentioned by (29):

Cellulase production ability of fungal isolate = clear zone diameter/ Fungal colony diameter:
Biomass determination: Fungal cultures was filtered after incubation period and dried at70°C for 24 hours
and weighed.

Cellulase assay: Enzyme activity was determined by using 3,5-Dinitrosalycilic acid (DNS) according to
(20, 19) by using two substrates CMC and filter paper, so we mentioned to the first CMCase method and
to the second FPase method.

Improving cellulase productivity of fungal isolate by mutation:

1- Mutation by UV light: The method of (14) was followed by exposure 5ml of spore suspension to
UV light with 254nm for (0, 5, 10, 15, 20, 25, 30) min.

2- Mutation by Gamma irradiation: The spore suspension was exposed to Gamma irradiation with 2
doses, 2 and 4 KGy for 20 min. according to (5) method.

3- Mutation by Nitrosoguanidine (NTG): The mutation was done according to (39) method, by using
200mg /ml of NTG and the spore suspension was 1x10’.

RESULTS AND DISCUSSION

Isolation and primary screening: Seven isolates have been achieved from soil the main natural store of
microorganisms, Grouted on PDA many times to obtain pure cultures. A primary screening was done to
find the cellulase productive isolate by using carboxy methyl cellulose agar as a carbon source, by
determining the clear zone and growth zone after soaking plates in Red Congo dye.

The results in Table (1) and Fig. (1) showed that there are 3 isolates recognized as high cellulase
production isolates which their pinky clear zone diameter were (12.74, 10.30, 9.48) mm for (T5, T1, T4)
isolate respectively, so these isolate were selected, other isolates were produce cellulase in different
degrees but less than above, this difference could be cause to the genetic difference between isolates, this
result agree with some studies (9, 38). These results agree with (6) when he found two isolates of
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Trichoderma of 23 fungal isolates from soil with high cellulase production. Tests done by (33) gave same
results when cellulase production was detected of fungi and bacteria isolated from soil.

Table 1: Cellulase productivity of fungal isolates by clear zone detection

Isolate No. ZIG
T1 10.30
T2 6.85
T3 8.64
T4 9.48
T5 12.75
T6 5.30
T7 7.28

T4 Tl

Fig.1: Primary screening of selected fungal isolates by clear zone detection

Secondary screening by using cellulase production media: Secondary screening for the isolates which
showed the best efficiency in consuming cellulose in table (1) were done, they were three isolates T1, T4
and T5 respectively. The superiority of these isolates led to cultivate them on cellulase production media
for 5 days to insure of their production activity.

There were clear differences between isolates in cellulase production by submerged culture as shown in
table (2), the isolate T5 gave the highest cellulase productivity which was 14.75 U/ml by CMCase
method and 1.28 U/ml by FPase method, followed by T1 isolate which was 9.53 U/ml by CMCase
method and 0.16 U/ml by FPase method. The less productivity was 6.12 U/ml by CMCase and 0.03U/ml
by FPase method for T4 isolate.
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Table (2): Cellulase production by selected isolates (secondary screening)

Isolates Cellulase  production by | Cellulase production by FPase
CMCase method method

Tl 9.53 0.16

T4 6.12 0.03

T5 14.75 1.28

These results were close to (35) when they isolate Aspergillus and test their ability of cellulase production
by solid state fermentation and there were many differences between isolates.

T. virens isolates from soil showed different amounts of cellulase by submerged culture (40). Other
researchers mentioned that the difference between Trichoderma isolates in cellulase productivity could be
because of the difference of media composition and circumstances conditions of production which
induced productivity.

Selected isolate identification: According to primary and secondary screening results which showed the
superiority of T5 isolate from soil, cultural and microscopic tests for identification, first it was grown on
rose Bengal medium specialized for Trichoderma, and showed that the isolate was Trichoderma.
According to classification keys in (4, 26) and consultation of Professor Hunsa Punnapayak and Professor
Sehanat Prasongsuk from biomass unit/science College, they showed that the isolate is Trichoderma
reesei. According to previous results this isolate was selected to conduct genetic improvement by
different mutation methods.

Improving cellulase production by UV light in different periods: The selected isolate was exposure to
UV light, and achieve mutant isolates according to mutation frequency as shown in table (3) which
showed UV light exposure periods and the mutant frequency percentage. Three isolates for each treatment
were selected and assigned depending on UV exposure period which showed ability to grow and
cellulases production. The results of UV exposure showed that there is gradual increasing in cellulase
activity by increasing UV exposure period as shown on table (4), the isolate Tr-UV 20 gave the highest
cellulase productivity 17.38 U/ml by CMCase method in comparison with parent isolate 9.36 U/ml, and
there is decline in enzyme productivity when the exposure period increased, the lowest production was
8.46 U/ml for Tr-UV 30 isolate by CMCase method. The biomass production is increased by increasing
UV exposure period until the period which showed the highest cellulase production 24.67 gm/l. many
studies proved the effect of UV light to detect mutants with high cellulase activity (13). Radiation is one
of the most physical agents used in mutation especially UV light which gave a radiation about 260 nm for
its killing properties and distinguish nitrogen bases. These results were similar to (7) when exposure T.
reesei to UV light and achieve a mutant T.reesei RUT UV-15 which cellulase production was increased
22% in comparison with parent isolate. And similar to what found by (36) who exposure T. reesei YC-
108 to UV light to improve cellulase production. Some researchers pointed to the ability to achieve many
mutant isolates of T. viride (3) when exposed to UV light for 25 min., cellulase amount was (1461) U/gm
in comparison with parent isolate (1350) U/gm. Our results were near to (31) when exposure T.viride to
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UV light where the period 25 min gave the highest amount of cellulase (87)U/ml in comparison with
parent isolate (53)U/ml. We could explain the effect of UV light in induced mutants by uniting between
nitrogen bases especially between neighboring thymine - thymine on two DNA strips (32).

Table (3): Periods of UV light exposure for T. reesei isolate and mutant frequency%

Exposure Tr-Uv-5 Tr-UV-10 Tr-UV-15 Tr-Uv-20 Tr-UvVv-25 Tr-UVv-30
period 5min. 10min. 15min. 20min. 25min. 30min.
Mutant 752 x10° | 855x10° |6.94x10° |7.66x10° |533x10° |7.20x10°
frequency

(%)

Table (4): efficiency of T. reesei isolate exposed to UV light for different periods in cellulase production

UVlight Exposure Biomass gm/L. Cellulase production | Cellulase production
period U/ml U/ml
ByCMCase method By FPase method
0 7.58 9.36 1.50
) 10.44 10.25 1.66
10 12.60 10.89 1.75
15 17.53 13.82 2.25
20 24.67 17.38 4.55
25 20.58 1151 1.34
30 16.99 8.46 1.05

Improving cellulase production by Gamma radiations in different periods:Gamma radiation was
used for increasing cellulase production by using two doses (2, 4) KGy under the same conditions used in
previous test, three isolates were selected and assigned depending on radiation doses which showed
ability analyze cellulose by determine clear zone which was (13.53)mm for Tr2-G2 isolate. Results on
table (5) showed that cellulase activity was highest for Tr2-G2 isolate which was (28.55) U/ml by
CMCase method and (7.49) U/ml by FPase method. The activity was decreased when the dose was 4KGy
for the same isolate and the activity became (20.43) U/ml by CMCase method and (5.60) U/ml by FPase
method, while the lowest cellulase activity for Tr3-G4 isolate was (10.55) U/ml by CMCase method and
(1.85) U/ml by FPase method, in spite of that it was higher than parent isolate which was (9.58) U/ml by
CMCase method and (1.55) U/ml by FPase method. The biomass was high (31.76) gm/L for Tr2-G2
isolate in comparison with parent isolate (7.90) gm/L. This increasing in cellulase activity could be refer
to the activated effectiveness of radiation on some cell metabolic pathways which cause to induce
improved mutants of T.ressei which possess positive effectiveness on clear growing and cellulase
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production. These results were similar to (32) who achieved to improve cellulase production by
Trichoderma reesei by using many doses of Gamma radiation, who gained many mutant isolates that
more cellulase reproduction than parent, Tr-M21 isolate was the highest reproduction (9.09) U/ml at 250
Gy. Other researchers pointed that the dose 0.5KGy gave more cellulase activity for Chaetomium
Cellulyticum NRRL 18756 by solid state fermentation (5), it was four times of parent activity by CMCase
method. others said that A. spp. exposes to different doses of Gamma radiation (0-6) KGy (1), the dose
0.5 KG gave the highest cellulase activity in comparison with parent which was (372) U/ml by CMCase
method and (64) U/ml by FPase method, while it was (305) U/ml by CMCase method and (48) U/ml by
FPase method for parent isolate.

Table (5): Efficiency of T. reesei exposed to Gamma Radiation with different doses on cellulase

production
Mutants Gamma radiation Biomass Cellulase Cellulase
Doses g/L. production U/ml production U/ml
By CMCase By FPase
Trl1.G2 2KG 7.90 15.92 3.88
Trl.G4 4KG 13.62 18.73 4.61
Tr2.G2 2KG 31.76 28.55 7.49
Tr2.G4 4KG 19.47 20.43 5.60
Tr3.G2 2KG 15.10 13.76 2.15
Tr3.G4 4KG 12.98 10.55 1.85

Improving cellulase production by Nitrosoguanidine (NTG):The mutation by Nitrosoguanidine was
done according to (39). The clear zone were increased clearly to the three isolates which differentiate in
their cellulase production ability, the highest clear zone was for Tr.NTG3 (15.27). As shown in table (6)
the highest cellulase production was for Tr.NTG3 isolate (58.35) U/ml by CMCase method and (16.54)
U/ml by FPase method, and that was emphasize results of clear zone. Second isolate in cellulase
production was Tr.NTG2 (44.26) U/ml by CMCase method and (13.29) U/ml by FPase method, while the
production was decreased for Tr.NTG1 (23.57) U/ml by CMCase method and (11.07) U/ml by FPase
method.

On other hand Biomass was (38.22) gm/L. for Tr.NTG3 isolate and (25.95) and (15.68) gm/L. for
Tr.NTG2 and Tr.NTG1, respectively. From results above it is clear that using NTG led to increase
cellulase production five times in comparison with parent isolate (8.95) U/ml by CMCase method and
(1.33) U/ml by FPase method. These results mentioned to the efficiency of using NTG which is one of
strong mutagen which effect isolates and change their genetic structure, its low molecular weight 147 KD
may be help to penetrate inside cells. These results were similar to (23) who mentioned to NTG as a
chemical mutagen which led to improve cellulase production from Trichoderma atroviride. Moreover this
result was identical to (12) by using Trichoderma atroviride isolate and treated with chemical mutagen
which led to increase cellulase production.
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Table (6): Efficiency of T. reesei exposed to NTG on cellulase production
Mutants Biomass Cellulase production | Cellulase production
g/L. U/ml U/ml
By CMCase By FPase

0 7.46 8.95 1.33

Tr.NTG1 15.68 32.57 11.07

Tr.NTG2 25.95 44.26 13.29

Tr.NTG3 38.22 58.35 16.54
CONCLUSION

Seven cellulytic fungal belong to Trichoderma species isolated from different soils of ancient town
Ayutthaya in Bangkok/ Thailand. Primary and secondary screening methods have been used for the most
cellulases productivity. Secondary screening performed by using cellulase production media.We have
determined the improving cellulase productivity of fungal isolate by using three mutation by UV light,
Gamma irradiation and Nitrosoguanidine (NTG). The activity was decreased when the dose was 4KGy
for the same isolate and the activity became (20.43) U/ml by CMCase method and (5.60) U/ml by FPase
method, while the lowest cellulase activity for Tr3-G4 isolate was (10.55) U/ml by CMCase method and
(1.85) U/ml by FPase method.

REFERENCES

1. M. A M. Abo-State, A. I. Hammad and R. B. Gannam. Some critical factors affecting cellulase
(s) production by Aspergillus terreus Mam-F23 and Aspergillus flavus Mam-F35 under solid-
state fermentation of wheat straw. World Appl. Sci., 2010, 9(10): 1171-1179.

2. Y. Elad, I. Chet and Y. Henis. A selective medium for improving quantitative isolation of
Trichoderma spp. from soil. Phytoparasitica, 1981, 9(1): 59-67.

3. P.Elakkiya, and V. Muralikrishnan, Cellulase production and purification of mutant strain
Trichoderma viride. Curr. Microbiol. App. Sci .2014, 3(9) 720-727.

4. M. Ellis, Determatiaceous Hyphomycetes. Commonwealth Mycological Institute Key, Surry,
England, 1971, 680.

5. E.M. Fawzi, and H.S. Hamdy, Improvement of carboxymethyl cellulase production from
Chaetomium cellulolyticum NRRL 18756 by mutation and optimization of solid state
fermentation. Microbiol. Res., 2011, 5(26), pp. 4687-4696.

6. C.Gupta, P.Jain, D.Kumar and R.K.Jain, Production of cellulase enzyme from isolated fungus
and its application as efficient refining aid for production of security paper Chetna. Appl.
Microbiol. Biotechnol. Res., 2015, 3:11-19.

J. Chem. Bio. Phy. Sci. Sec. B, February 2017 — April 2017, Vol. 7, No. 2; 651-661.



Improving ... Shimal Younis et al.

7.

10.

11.

12.

13.

14.

15.

16.

17.
18.

19.

20.

21.

X. C. Hao, X. B. Yui, and Z. L. Yan. Optimization of the medium for the production of cellulose
by the mutant Trichoderma reesei WX-112 using response surface methodology. Food Technol.
Biotechnol, 2006, 44, 89-94.

H.M. Hassan, A.A. Keera, and M.Fadel, High-yield Cellulases and Xylanase Production from
Sugar-cane Bagasse Pith by Aspergillus oryzae FK-923 Cultivated under Solid State
Fermentation. Curr.Res.Aca.Rev. 2016, 4(1): 1-13.

M. W.Hyun, J. H .Yoon, W. H. Park and S. H. Kim, Detection of cellulolytic activity in
Ophiostoma and Leptographium species by chromogenic reaction. Mycobiol. 2006, 34(2): 108-
110.

M. Imran, Z Anwar, M.IRshad and H.Ashfaq, Cellulase Production from Species of Fungi and
Bacteria from Agricultural Wastes and Its Utilization in Industry: A Review. Advances in
Enzyme Research, 2016, 4: 44-55.

E. Johnson, A.Consulting, and G Switzerland, Integrated enzyme production lowers the cost of
cellulosic ethanol. Biofuels Bioprod. Bioref, 2016, 10:164-174.

K .Kovacs, G.Szakacs and G.Zacchi. Trichoderma atroviride mutants with enhanced production
of cellulase and glucosidase on pretreated willow .Enz and Microbiol Tech., 2008, 43(1):48-55.

A. Kumar, B.S Parikh, S.P. Singh and D.Shah, Use of combined UV and chemical mutagenesis
treatment of Aspergillus terreus D34 for hyper-production of cellulose-degrading enzymes and
enzymatic hydrolysis of mild-alkali pretreated rice straw. Bioresour. Bioprocess, 2015, 2(35): 1-
11.

X.Li, H.Yang, B.Roy, E.Y. Park and Y.Miao, Enhanced cellulaseproduction of the Trichoderma
viride mutated by microwave and ultraviolet .Microbiol. Res., 2009, 10:04-001.

M. N. Lone, M. R. Wani, N. A. Bhat, S. A.Sheihh and M. A. Reshi,Evaluation of cellulase
secrented by common and stirring rhizosphere fungi of Juglans regia L. by DNS method. J.
Enzyme Res., 2012, 3(1): 18-22.

M.Mahalakshmi and S.Jayalakshmi, Cellulase production by Aspergillus niger under solid state
fermentation using agro industrial wastes. Adv. Multidiscip. Res., 2016 3(2): 78-83.

M.Mandels, Microbiological source of cellulase. Biotechnol & Bioeng., 1975, 5:81-105.

M.Mandels, 1.Hontz and J.Nystrom, Enzymatic hydrolysis of waste cellulose. Biotechnology and
Bioengineering, 1974, 16, 1471-1493.

M.Mandels, R.Andereotti and C.Roche, Measurement of saccharifying cellulose. Biotechnol &
Bioeng., 1976, 6:21-33.

G. L. Miller, Use of dinitrosalicylic acid reagent for the determination of reducing sugar. Anal.
Chem., 1959, 31: 426-428.

A.A. Olanbiwoniun and S.A Odunfa, Production of Cellulase and Xylanase by Aspergillus
terreus KJ829487 Using Cassava Peels as Substrates. Advances in Microbiology,2016, 6, 502-
511.

J. Chem. Bio. Phy. Sci. Sec. B, February 2017 — April 2017, Vol. 7, No. 2; 651-661.



Improving ... Shimal Younis et al.

22.

23.

24,

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

L.A.Ordaz-Diaz,J.A.Rojas-Contreras,M.Y. Flores-Villegas,M.Y.and Bailon-salas, A.M.
Quantification of endoglucanase activity based on carboxymethyle cellulose in four fungi isolated
from an aerated Logoon in a pulp and paper mill.Bioresources, 2016, 11(3):7781-7789.

M.M. Oliveira, A.G. Lima, E.P. Bon and R.P. Nascimento, Production of thermophilic and
acidophilic endoglucanases by mutant Trichoderma atroviride 102C1 using agro-industrial by-
products.Biotechnol., 2016, 15(11):423-430.

T.Padmavathi, T.V. Nandy and P.Agarwal, Optimization of the medium for the production of
cellulases by Aspergillus terreus and Mucor plumbeus . Exp. Bio., 2012, 2 (4):1161-1170.

A Parkash, R. Tewari, A. Sharma and S.K. Soni, Cellulase Production By Aspergillus niger
Using Lignocellulosic Substrates And Standardization Of Fermentation Process And Parameters.
Multidisciplinary Engineering Science and Technology (JMEST), 2016, 3(6): 2458-9403.

J.Pitt and A.Hocking, Fungi and Food Spoilage. 3rded. Springer Science Business Media, LLC,
NY, USA, 2009, 524.

C.Pothiraj, R.Arumugam and R.M. Gobinath, Production of Cellulase in Submerged
Fermentation using Water Hyacinth as Carbon Source and Reutilization of Spent Fungal Biomass
for Dye Degradation. Curr.Microbiol. App.Sci .2016, 5(10): 99-108.

F.Santos, N.F. Garcia, M.F. Fonseca, and R.S. Leite, Production and characterization of -
glucosidase from Ongronella butleri by solid-state fermentation. Biotechnol, 2016, 55(67):3410-
2224,

A.Sazci, A.Radford and K.Erenler, Detection of cellulolytic fungi by using congo red as an
indicator: a comparative study with the dinitrosalicylic reagent method. Appl. Bacteriol., 1986,
61: 559-562.

M.Schallmey, A.Singh, and O. P. Ward, Developments in the use of Bacillus species for
industrial production. Can. J. Microbiology., 2004, 50, 1-17.

S.Shafique, R.Bajwa and S.Shafique, Strain improvement in Trichoderma viride through
mutation for over expression of cellulase and characterization of mutants using random amplified
polymorphic DNA (RAPD). Afr. J. Biotechnol., 2011, 10(84): 19590-19597.

S.Shahbazi, K.Ispareh, M. Karimi and M.Ebrahimi, (2014).Gamma and UV radiation induced
mutagenesis in Trichoderma reesei to enhance cellulases enzyme activity. Farm & Alli Sci.2014,
3 (5): 543-554.

L.M. Torres, P. Guevara and E.T Rojas, Assessment of cellulolytic microorganisms in soils of
Nevados Park, Colombia Microbiol, 2014, 45(4): 1211-1220.

V. H. Vu, T. A. Ohap and K.Kim, Fungal strain improvement for cellulase production using
repeated and sequential mutagenesis. Myco. Microboil, 2009, 37(4): 267-271.

P.R. Yadav, P.B. Chauhan and H.Prajapati, Isolation, Screening and Optimization of process
parameters for enhanced production of cellulase by solid state fermentation. Adv. Res. Biol. Sci.,
2016, 3(5): 21-27.

m J. Chem. Bio. Phy. Sci. Sec. B, February 2017 — April 2017, Vol. 7, No. 2; 651-661.



Improving ... Shimal Younis et al.

36. Z. Yan,X. Cao, Y. Teng and J.Zhang, A Shortcut to the Optimization of Cellulase Production
Using the Mutant Trichoderma reesei YC-108.Microbiol,2012, 52(4): 670-675.

37. N.Yoshida, T.Fukushima, H.Saito, M.Saimosaka and M.Okazaki, . Cellulose and xylan degrading
enzymes of the plant pathogenic fungus Fusarium oxysporum SUF850. Agric. Biol. Chem., 1989,
53(7): 1829-1836.

38. J. H. Yoon, J. E. Park, D. Y Suh, S. H. Hong, S. J. Ko and S. H. Kim, Comparsion of dyes for
easy detection of extracellular cellulases in fungi. Mycobiol., 2007,35(1): 21-24.

39. M Zaldivar, J. C.Velasquez, I.Contreas and L. M. Perez, Trichoderma aureoviride 7-121. A
mutant with enhanced production of Iytic enzymes: its potential use in waste cellulose
degradation and/or biocontrol, Biotechnol, 2001, 4(3): 1-9.

40. R.Zeng, X-Y. Yin, Y. Hu, H.Huang, and Z.yang, A Novel Cellulase Produced by a Newly
Isolated Trichoderma virens. Bioengineering, 2016, 3(13):1-9.

Corresponding author: Hamdullah Al-Bayyar;

College of Agriculture/ food science Department/Baghdad University, Iraqg.
On line publication Date: 25.04.2017

J. Chem. Bio. Phy. Sci. Sec. B, February 2017 — April 2017, Vol. 7, No. 2; 651-661.



