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Abstract

The major components of plant cell walls are cellulose, hemicellulose and lignin, with cellulose
being the most abundant component. Cellulose degrading-enzymes provide a key opportunity for
achieving tremendous benefits of biomass utilization. Trichoderma harzianum, a filamentous fungus,
produces cellulose degrading enzymes and has been exploited by the industry. In this study, three
cellulases, exoglucanase (EXG), endoglucanase (EG) and B-glucosidase (BGL) were partially purified
from T. harzianum. The optimal pH, temperature and incubation time for cellulases production was
found to be 5.5, 28°C and 120 h respectively. To promote cellulases production, we evaluated the
effects of glucose, carboxymethylcellulose (CMC), corn cobs, birchwood xylan and wheat bran as
carbon sources for cellulase production. The results showed that CMC induced cellulases production
whereas glucose repressed the synthesis of cellulases. The fungus was cultivated with 1% CMC for
120 h at 28°C, pH 5.5 and the resulting culture filtrate was used for cellulase purification. EXG, EG
and BGL were partially purified from culture filtrate of fungus by Ammonium sulfate precipitation
followed by gel filtration chromatography on Sephadex G200 and on Sephadex G50. After final
purification step specific activities (ITU/mg™) of the enzymes were; EXG: 49.22, EG: 0.63 and BGL.:
0.35 with 21.87-, 7.15- and 1.74- fold purification, respectively.

Introduction

Plant cell walls are the most abundant renewable source of fermentable sugars on
earth (Himmel et al., 1999; Saleem ef al., 2008) and are the major reservoir of fixed
carbon in nature (Yang et al., 2007). The major components of plant cell walls are
cellulose, hemicellulose and lignin, with cellulose being the most abundant component
(Han ef al., 2003). Plant biomass comprises on average 23% lignin, 40% cellulose and
33% hemicellulose by dry weight (Sa-Pereira et al., 2003). Annually, 830 Gt of
renewable plant biomass is formed consisting mainly of cellulose and hemicelluloses
(Rauscher et al., 2006). Plant biomass is an alternative natural source for chemical and
feedstocks with a replacement cycle short enough to meet the demand of the world fuel
market (Kulkarni et al., 1999).

Cellulose consists mainly of long polymers of B 1-4, linked glucose units and forms
a crystalline structure (Shallom & Shoham, 2003). Cellulase enzymes, which can
hydrolyze cellulose forming glucose and other commodity chemicals, can be divided into
three types: endoglucanase (endo-1, 4-B-D-glucanase, EG, EC 3.2.1.4); cellobiohydrolase
or exoglucanase (exo-1, 4-p-D-glucanase, CBH, EC 3.2.1.91) and B-glucosidase (1, 4-p-
D-glucosidase, BG, EC 3.2.1.21) (Li et al., 2006; Gao et al., 2008). Cellulases are
important industrial enzymes and find applications in several industrial processes (Hanif
et al., 2004; Jamil ef al., 2005). Researchers have strong interests in cellulases because of
their applications in industries of starch processing, grain alcohol fermentation, malting
and brewing, extraction of fruit and vegetable juices, pulp and paper industry, and textile
industry (Gao et al., 2008; Zhou et al.,2008). One of the potential applications of

*Corresponding author: amerjamil@yahoo.com



1412 SIBTAIN AHMED ET AL.,

cellulases is the production of fuel ethanol from lignocellulosic biomass (Duff & Murray,
1996), which is a good substitute for gasoline in internal combustion engines. The most
promising technology for the conversion of the lignocellulosic biomass to fuel ethanol is
based on the enzymatic breakdown of cellulose using cellulase enzymes (Holker et al.,
2004; Ahamed & Vermette, 2008).

Many fungal strains secrete higher amounts of cellulases than bacterial ones, with
Trichoderma as the leading one (Amouri & Gargouri, 2006). Most commercial cellulases
are mesophilic enzymes produced by the filamentous fungus Trichoderma reesei and
Aspergillus niger. This process reflects well the fact that filamentous fungi are naturally
excellent protein secretors and can produce industrial enzymes in feasible amounts
(Bergquist et al., 2002). Cellulases produced by T. harzianum, is the most efficient
enzyme system for the complete hydrolysis of cellulosic substrates into its monomeric
glucose, which is a fermentable sugar.

In this paper we report production and partial purification of cellulases (EXG, EG
and BGL) from Trichoderma harzianum.

Materials and Methods

Chemicals: Carboxymethylcellulose (CMC), glucose and birchwood xylan were from
Sigma Chemical Co., USA. Corn cobs and wheat bran were purchased from local market
of Faisalabad, Pakistan. All the other chemicals used were of analytical grade unless
otherwise stated.

Fungal strain: Trichoderma harzianum was used in this study and was maintained at
4°C after growing for 7 days in MYG medium (0.2% malt extract, 0.2 % yeast extract,
2% glucose and 2% agar) at 28 °C (Saadia et al., 2008).

Culture conditions: For the production of cellulases (EXG, EG and BGL) in liquid state
fermentation, the fungus was grown in 500 mL Erlenmeyer flask containing 100 mL of
the Vogel’s medium (Ahmed et al., 2007). Concentrations of the nutrients were 5 g/L
Trisodium citrate, 5 g/l KH,PO,, 2 g/L NH4NOs, 4 g/ (NH4),SOy4, 0.2 g/L MgSOy,, 1
g/L peptone and 2 g/L yeast extract. Glucose (1%) was used as carbon source for
inoculum preparations whereas 1% CMC was used as carbon source in cultivation
medium. pH of the medium was adjusted to 5.5. The inoculum preparations were
completed by 24 h of cultivation at 28°C in an orbitaly shaker (150 rpm). A 10 mL of the
liquid culture from the inoculum was transferred to 1000 mL Erlenmeyer flasks
containing 250 mL of Vogels medium for 5 days at 28°C with shaking at 150 rpm
(Ahmed et al., 2005). Liquid state cultures were harvested by centrifugation at 10, 000
rpm, for 20 min., at 4°C (Ali et al., 2009). The resulting supernatant was called as crude
enzyme preparation.

Determination of optimal pH, temperature and incubation time for cellulases
production from T. harzianum: The optimum pH for cellulases production was
estimated at various pH values between 4.0 to 7.0 with appropriate buffer at 28°C. For
determination of optimum temperature for cellulases production, the reactions were
carried out at 22°C to 34°C with 2°C interval at pH 5.5. The mycelia were grown at the
test pH or temperature under the conditions mentioned above. Cellulases activities were
determined from the culture filtrate. Effect of various time periods on cellulases
production was investigated from 7. harzianum at pH 5.5 and 28°C.



CELLULOSE-DEGRADING ENZYMES FROM TRICHODERMA HARZIANUM 1413

Effect of various carbon sources on cellulases production: 7. harzianum was grown in
Vogel’s medium with different carbon sources viz., glucose, CMC, corncobs, birchwood
xylan and wheat bran to check their effect on the expression of cellulases. All samples
were analyzed in triplicate and the mean values calculated.

Purification of cellulases: All the purification steps were performed at 4°C unless
otherwise stated. EXG, EG and BGL were purified by ammonium sulfate precipitation
followed by gel filtration chromatography on Sephadex G200 and Sephadex G50 coulmn.
For the purification of cellulases the crude extract of 5 days culture grown on 1% CMC
was subjected to ammonium sulfate precipitation at different concentrations of (NHy),
SO, saturation (0 to 80%). After precipitation the pellet was redissolved in sodium
acetate buffer and dialyzed overnight against the same buffer. The dialyzed samples were
oaded on to Sephadex G200 column (30 cm) pre-equilibrated with 50 mM sodium acetate
buffer, pH 5.0. The cellulases were eluted at a linear flow rate of 30 cm/h. Different
fractions of the enzymes were pooled, concentrated and applied to Sephadex G50
column. Elutions were performed at a flow rate of 30 cm/h. The concentrated EXG, EG
and BGL fractions were subjected to enzyme activity. Protein concentration was
determined by Bradford method (Bradford, 1976) using bovine serum albumin as
standard. Protiens in the coloumn effluents were monitored by measuring Asgj.

Cellulases assay: Cellulases activities were assayed in reaction mixture (I mL)
containing 1% substrate avicel (for EXG) or CMC (for EG) or salicin (for BGL) in 0.05
M acetate buffer, pH 5.0 and appropriately diluted enzyme solution. After incubation at
60°C for 30 min., the reaction was stopped by adding 3mL Dinitorsalycilic acid solution
(Shamala & Sereekanth 1985). One unit (IU) of enzyme activity was defined as the
amount of enzyme required to liberate I pmole of glucose or p-nitrophenol from the
appropriate substrates under the standard conditions.

Results and Discussions

Effect of pH, temperature and incubation time on cellulase production: Studies were
performed in shake flasks to optimize different fermentation conditions for cellulases
production from 7. harzianum. The optimum pH for the fungal growth for maximal EXG,
EG and BGL production was found to be 5.5 at 28°C. (Fig. 1). The temperature for
cellulases production of T. harzianum was optimized. The optimum temperature for
maximal EXG, EG and BGL production was found to be 28°C at pH 5.5 (Fig. 2). Further
increase in temperature resulted in decrease in cellulases production. Time course for
cellulases production by 7. harzianum was also investigated. Optimum EXG, EG and
BGL production was achieved at 120 h of incubation at pH 5.5 and 28°C (Fig. 3). Further
increase in incubation time resulted in decrease in EXG, EG and BGL activities.

Our results of optimal pH 5.5, temperature 28°C and incubation time of 120 h for
cellulases production from 7. harzianum are in accordance with earlier reports. The
optimal pH for fungal cellulases varies from species to species, though in most cases the
optimum pH ranges from 3.0 to 6.0 (Garg & Neelakantan, 1981; Niranjane et al., 2007).
Rodriguez et al., (2005) used pH of 5.5 for the production of celluloytic enzymes from
Colletotrichum lindemuthianum. Similarly it was found earlier that maximum induction
of endoglucanase was achieved at pH 5.5 (Ikram-ul-Haq et al., 2001). Maximum
production of B-glucosidase by Aspergillus terreus was achieved with the pH in the range
of 4.0-5.5 (Pushalkar et al., 1995).
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Fig. 1. Influence of pH on cellulase production by T harzianum: (¢) EXG; (m) EG; (A) BGL.
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Fig. 2. Effect of temperature on cellulase production by 7. harzianum: (¢) EXG; (m) EG; (A) BGL.
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Fig. 3. Time course of cellulase production by 7. harzianum: (¢) EXG; (m) EG; (A) BGL.
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The temperature of the fermentation medium is one of critical factor that has
profound influence on the production of end product. The optimum temperature of 28°C
for cellulases production by 7. harzianum is in accordance with earlier research. Zhou et
al., (2008) grew Trichoderma viride at 28°C for optimal cellulases production. BGL was
produced and purified from Trichoderma harzianum type C-4 grown at 28°C (Yun et al.,
2001). Exo B-1, 3 glucanse was produced from Trichoderma asperullum at 28°C (Bara et
al., 2003). Similarly cellulases were produced from Aspergillus niger KK2 at 28°C
(Kang et al., 2004). Maximum cellulase production in Aspergillus terreus was obtained at
a temperature of 28°C (Sing et al., 1996).

Time course of 120 h for optimum cellulases production by 7. harzianum is in
accordance with earlier reports. Cellulase were produced from Aspergillus niger KK2 at
120 h incubation (Kang et al., 2004). Similarly cellulolytic enzymes were produced by
Aspergillus phoenix at 120 h incubation (Dedavid et al., 2008). Similarly Aureobasidum
pullulans showed maximum B-glucosidase production at 120 h of cultivation. Likewise,
Kirchner et al., (2005) produced maximum B-glucosidase activity from Aspergillus niger
C-6 after 96 to 120 h. Time course required to reach maximum level of cellulase activity
may be affected by several factors, including the presence of different ratios of
amorphous to crystalline cellulose (Ogel et al., 2001).

Hence optimum pH 5.5, optimum temperature 28°C and 120 h incubation time were
used in all the subsequent experiments.

Cellulases production with various carbon sources: T. harzianum was grown in Vogel’s
medium with various carbon sources such as 1% glucose, carboxymethylcellulose (CMC),
corn cobs, birch wood xylan and wheat bran at 28°C for 120 h days with shaking at 150
rpm for optimum cellulases production. In this study we found that when glucose was used
as a carbon source, very little EXG, EG and BGL activities were detected whereas higher
amounts were produced when 1% CMC was used as a carbon source (Table 1).

The production of cellulase is a key factor in the hydrolysis of cellulosic material and
it is essential to make the process economically viable. Since the cost of the substrate
plays a crucial role in the economics of an enzyme production, therefore different
substrates utilized by 7. harzianum for cellulases production were compared. The choice
of an appropriate substrate is of great importance for the successful production of
cellulases. The substrate not only serves as a carbon source but also produces the
necessary inducing compounds for the organism (Haltrich et al., 1996). Reduction in the
cost of cellulase production can be achieved by the use of cheap and easily available
substrates. In fungi, the production of cellulolytic enzymes is subject to transcriptional
regulation by available carbon sources. The cellulase genes are repressed in the presence
of glucose. Earlier it has been reported that endoglucanase was induced by CMC but
repressed by glucose (Ahmed et al., 2005). It was also found that CMC was preferred
substrate for EG production (Lucas et al., 2001). Similarly, Malik et al., (1986) reported
that negligible cellulases were produced with glucose as carbon source from T.
harzianum. Niranjane et al., (2007) observed highest yields of cellulases on CMC. In this
study, we recorded the similar results with very less cellulases activities in the presence
of glucose, while CMC proved to be a strong inducer of cellulase enzymes.

Purification of cellulases: Summary of purification procedures of the cellulases is
presented in Tables 2-4. Cellulases purification was preformed at 4°C by ammonium
sulfate precipitation, gel filtration on Sephadex G-200 coloumn followed by gel filtration
on Spehadex G-50 coloumn. The crude culture filtrate was subjected to partial
purification, using 25% ammonium sulfate. EXG, EG and BGL fractions were pooled
and applied on Sephadex G-200 coloumn. After Sephadex G-200 chromatography,
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specific activities of EXG, EG and BGL were increased about 4.79-fold, 2.60-fold and
1.24-fold respectively compared with the crude preparations.

Elutions showing maximum EXG, EG and BGL activities were further purified by
Sephadex G-50 chromatography. The purification scheme employed resulted after final
purification step 21.87-fold, 7.15-fold and 1.74-fold purification of EXG, EG and BGL
respectively. About 10.26%, 90% and 73.75% of the initial activities of EXG, EG and
BGL were recovered and the partially purified EXG, EG and BGL have specific activities
0f 49.22 U mg™”, 0.63 U mg" and 0.35 U mg"', respectively. The data obtained from this
study will help in future studies for the economic production of cellulases. Cellulolyitc
enzymes produced by 7. harzianum in this study can be used for biotechnology purposes.

Table 1. Cellulases (EXG, EG and BGL) activities produced from T. harzianum grown on
different carbon sources.

EXG activity EG activity BGL activity
S.No. Substrate (lUu mL™h (IU mLY) (U mL™
Mean +S. D Mean = S. D Mean +S. D
1. Glucose 0.03 £0.01 0.023 £ 0.02 0.05+0.01
2. CMC 7.8£0.15 0.79 £ 0.020 0.92+0.015
3. Corn cobs 1.84 £ 0.09 0.38+£0.012 0.18 £0.01
4. Birch wood xylan 0.64 £ 0.08 0.58 £0.105 0.54 £0.25
5. Wheat bran 0.58 +0.06 0.28 +0.05 0.37 +0.04

Table 2. A summary of purification of EXG from T. harzianum.
EXG activity  Specific activity ~ Yield Purification

Purification step

(umL?) (Umg?) (%) (fold)
Culture supernatant 7.87 2.25 100 1
(NHy),SO, precipitation 6.02 3.04 5.09 1.35
Gel filtration on Sephadex G-200 23.18 10.78 19.6 4.79
Gel filtration on Sephadex G-50 40.41 49.22 10.26 21.87

Table 3. A summary of purification of Eg from T. harzianum.
EXG activity  Specific activity  Yield Purification

Purification step

(umL?) (Umg?) (%) (fold)
Culture supernatant 0.79 0.087 100 1
(NHy4),SO, precipitation 1.06 0.37 13.3 422
Gel filtration on Sephadex G-200 0.45 0.23 56 2.60
Gel filtration on Sephadex G-50 0.72 0.63 90 7.15

Table 4. A summary of purification of BGL from T. harzianum.
EXG activity ~ Specific activity ~ Yield Purification

Purification step

(lumL™h (Umg?) (%) (fold)
Culture supernatant 0.92 0.20 100 1
(NHy4),SO, precipitation 0.40 0.06 12.58 0.29
Gel filtration on Sephadex G-200 0.35 0.25 40.56 1.24
Gel filtration on Sephadex G-50 0.68 0.35 73.75 1.74

Several workers have purified cellulases previously. Bara ef al., (2003) purified EXG
by gel filtration and ion exchange chromatography and observed 35.7 fold purification with
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9.5% yield. Similarly Noronha et al., (2000) has employed gel filtration chromatography
for purification of EXG. He further purified EXG by ion exchange chromatography and got
69-fold purification with 0.32% yield. Endoglucanse was purified from Gymnoascella
citrina by gel filtration chromatography with 27.3 fold purification and final recovery of
25.5% (Jabbar et al., 2008).

Piston ef al., (1997) purified - glucosidase by ammonium sulfate precipitation and
gel filtration. Similarly Wei et al., (1996) purified B-glucosidase by (NH4),SO4
precipitation, ion exchange and gel filtration chromatography. -glucosidase was purified
from Monascus purpureus by gel filtration chromatography with 13-fold purification.
(Dariot et al., 2008). B-glucosidase was purified from Paecilomyces thermophila by gel
filtration chromatography with 105-fold purification and final recovery of 21.7% (Yang
et al., 2008).

Conclusion

The successful use of cellulosic material as carbon source is dependent on the
development of economically feasible process for cellulases production. The production
of cellulases by T. harzianum in liquid state fermentation was investigated. CMC served
as a powerful inducer that enhanced the cellulases yields where glucose repressed
cellulases activities. The purification scheme employed resulted in 21.87-, 7.15- and
1.74-fold with a yield of 10.26%, 90% and 73.75% of EXG, EG and BGL respectively.
Different approaches such as mutagenesis; cloning and overexpression of cellulase genes
can be followed in order to increase the cellulases yields.

Acknowledgement

The work was supported by grant from Pakistan Science Foundation and Higher
Education Commission, Government of Pakistan, which is gratefully acknowledgement.

References

Ahamed, A and P. Vermette. 2008. Culture-based strategies to enhance cellulase enzyme
production from Trichoderma reesei RUT-C30 in bioreactor culture conditions. Biochem.
Eng. J., 40: 399-407.

Ahmed, S., A. Jabeen and A. Jamil. 2007. Xylanase from Trichoderma harzianum: Enzyme
characterization and gene isolation. Jour. Chem. Soc. Pak., 29: 176-182.

Ahmed, S., N. Aslam, F. Latif, M.I. Rajoka and A. Jamil. 2005. Molecular cloning of cellulase
genes from Trichoderma harzianum. In: Proceedings of the 9th International Symposium on
Natural Product Chemistry, Frontiers in Natural Product Chemistry. Vol 1, (Eds.): Atta-ur-
Rehman, I. Choudhary, M. Khan. pp. 73-75. Bentham Science Publishers Ltd. The
Netherlands.

Ali, S., S. Ahmed, M.A. Sheikh, Abu Saced Hashmi, M.I. Rajoka and A. Jamil. 2009. Lysine
production by L-homoserine resistant mutant of Brevibacterium flavum. J. Chem. Soc. Pak.,
31: 97-102.

Amouri, B and A. Gargouri. 2006. Characterization of a novel -glucosidase from a Stachybotrys
strain. Biochem. Eng. J., 32: 191-197.

Bara, M.T.F., A.L. Lima and C.J. Ulhoa. 2003. Purification and characterization of an exo- -1, 3-
glucanase produced by Trichoderma asperellum. FEMS Microbiol. Lett., 219: 81-85.



1418 SIBTAIN AHMED ET AL.,

Bergquist, P., V. Teo’O and M. Gibbs. 2002. Expression of xylanase enzymes from thermophilic
microorganisms in fungal host. Extermophiles., 6: 177-184.

Bradford, M.M. 1976. A rapid and sensitive for the quantitation of microgram quantitites of protein
utilizing the principle of protein-dye binding. Anal. Biochem., 72: 248-254.

Dariot, D.J., A. Simonetti, F. Plinho and A. Brandeli. 2008. Purification and characterization of
extracellular -glucosidase from Monascus ouroureus. J Microbiol Biotechnol., 18: 933-941.

Dedavid, E.S.L.A., F.C. Lopes, S.T. Silveira and A. Brandelli. 2008. Production of cellulolytic
enzymes by Aspergillus phoenicis in grape waste using response surface methodology. App!.
Biochem. Biotechnol., DOI 10.1007/s12010-008-8190-7.

Duff, S.J.B. and W.D. Murray. 1996. Bioconversion of forest products industry waste cellulosics to
fuel ethanol: a review. Bioresour. Tech., 55: 1-33.

Gao, J., H. Weng, D. Zhu, M. Yuan, F. Guan and Yu Xi. 2008. Production and characterization of
cellulolytic enzymes from the thermoacidophilic fungal Aspergillus terreus M11 under solid-
state cultivation of corn stover. Bioresour. Technol., 99: 7623-7629.

Garg, S.K. and S. Neelakantan. 1981. Effect of cultural factors on cellulase activity and protein
production by Aspergilllus terreus. Biotechnol. Bioeng., 23: 1653-1659.

Haltrich, D., B. Nidetzky, K.D. Kulbe, W. Steiner and S. Zupancic. 1996. Production of fungal
xylanases. Bioresour. Technol., 58: 137-161

Han, S.O., H. Yukawa, M. Inui and R.H. Doi. 2003. Regulation of expression of cellulosomal
cellulase and hemicellulase genes in Clostridium cellulovorans. J. Bacteriol., 185: 6067-6075.

Hanif, A., A. Yasmin and M.I. Rajoka. 2004. Induction, production, repression and de-repression
of exoglucanase synthesis in Aspergillus niger. Bioresour. Technol., 94: 311-319.

Himmel, M.E., M.F. Ruth and C.E. Wyman. 1999. Cellulase for commodity products from
cellulosic biomass. Curr. Opin. Biotechnol., 10: 358-364.

Holker, U., M. Hofer and J. Lenz. 2004. Biotechnological advantages of laboratory scale solid-state
fermentation with fungi. Appl. Microbiol. Biotechnol., 64 : 175-186.

Ikram-ul-Haq, S. Khurshid, S. Ali, H. Ashraf, M.A. Qadeer and M.I. Rajoka. 2001. Mutation of
Aspergillus niger for hyper production of citric acid from black strap molasses. World J.
Microboil Biol., 17: 35-37.

Jabbar, A., M.H. Rashid, M.R. Javed, R. Perveen and M. Aslam Malana. 2008. Kinetics and
thermodynamics of a novel endoglucanase (CMCase) from Gymnoascella citrine produced
under solid state condition. J. Ind. Microbiol. Biotechnol., 33: 515-524.

Jamil, A., S. Naim, S. Ahmed and M. Ashraf. 2005: Production of Industrially important enzymes
using molecular approaches; cellulases and xylanases. In: Genetic resources and
Biotechnology 11, Volume Two, (Eds.): D. Thangadurai, T. Pullaiah, Pedro and A. Balatti.
Regency publications, New Delhi.

Kang, S.W., Y.S. Park, J.S. Lee, S.I. Hong and S.W. Kim. 2004. Produciton of cellulases and
hemicellulases by Aspergillus niger KK2 from lignocellulosic biomass. Bioresour. Technol.,
153-156.

Kirchner, O.G., M.S. Granados and P.R. Pascual. 2005. Effect of media composition and growth
conditions on production of B-glucosidase by Aspergillus niger C-6. Appl. Biochem.
Biotechnol., 121: 347-359

Kulkarni, N., A. Shendye and M. Rao. 1999. Molecular and biotechnological aspects of xylanases.
FEMS. Microbiol. Rev., 23: 411-456.

Li, Y.H., M. Ding, J. Wang, G.J. Xu and F. Zhao. 2006. A novel thermoacidophilic endoglucanase,
Ba-EGA, from a new cellulose degrading bacterium, Bacillus sp. AC-1. Appl. Microbiol.
Biotechnol., 70: 430-436.

Lucas, R., A. Robles, M.T. Garcia, de G.A. Cienfuegos, A. Galves and G.A. Cienfuegos de. 2001.
J. Agri. Food Chem., 49: 79-85.

Malik, N.N., M.W. Akhtar and B.A. Naz. 1986. Production of cellulase enzymes by Trichoderma
harzianum. Poster Abstract. PAEC-KFK. Symp. Workshop on Biotechnology in Agriculture
and Energy, March 3-7, 10: Faisalabad.



CELLULOSE-DEGRADING ENZYMES FROM TRICHODERMA HARZIANUM 1419

Niranjane, A.P., P. Madhou and T.W. Stevenson. 2007. The effect of carbohydrate carbon sources
on the production of cellulase by Phlebia gigantean. Enzyme Microbial Technol., 40: 1464-
1468.

Noronha, E.F., A. Kipnis, A.P.J. Kipinis and C.J. Ulhoa. 2000. Regulation of 36 kDa 1-3 glucanase
synthesis in Trichoderma harzianum. FEMS Microbiol Lett., 188: 19-22.

Ogel, Z.B., K. Yarangumeli, H. Du and J. Ifrij. 2001. Submerged cultivation of Scytalidium
thermophilum on complex lignocellulosic biomass. Enzyme Micobiol. Technol., 28: 689-695.

Pitson, S.M., R.J. Seviour and M.B. Mcdougall. 1997. Purification and characterization of an
extracellular B-glucosidase from the filamentous fungus Acremonium persicinum and its
probable role in B-glucan degradation. Enzyme Microbial. Technol., 21: 182-190.

Pushalkar, S., K.K. Rao and K. Menon. 1995. Production of beta-glucosidase by Aspergillus terrus.
Current Microbiol., 30: 255-258.

Rauscher, R., E. Wurleitner, C. Wacenovsky, N. Aro, A.R. Stricker, S. Zelinger, C.P. Kubicek, M.
Penttila and R.L. Mach. 2006. Trancriptinal regualtion fo xynl, encoding xylansse 1 in
Hypocrea jecorina. Eukaroytic Cell., 5: 447: 456.

Rodriguez, 1.A., C.P. Escobedo, M.G.Z. Paramo, E.L. Romero and H.C. Camacho. 2005.
Degradation of cellulose by the bean-pathogenic fungus Colletotrichum lindemuthianum.
Produciton of extracellular cellulolytic enzymes by cellouse induction. Anfonie van
Leeuwenhock., 87:301-310.

Saadia, M., S. Ahmed and A. Jamil. 2008. Isolation and cloning of crel gene from a filamentous
fungus Trichoderma harzianum. Pak. J. Bot., 40: 421-426.

Saleem, F., S. Ahmed and A. Jamil. 2008. Isolation of a xylan degrading gene from genomic DNA
library of a thermophilic fungus Chaetomium thermophile ATCC 28076. Pak. J. Bot., 40:
1225-1230.

Sa-Pereira, P., H. Paveia, M. Costa-Ferreira and M.R. Aires-Barros. 2003. A new look at xylanases:
An overview of purification strategies. Mol. Biotechnol., 24: 257-281.

Shallom, D. And Y. Shoham. 2003. Microbial Hemicellulases. Curr. Opin. Microiol., 6: 219-228.

Shamala, T.R. and K.R. Sreekantiah. 1985. Production of cellulases and D-xylanase by some
selected fungal isolates. Enzyme Microbial. Technol., 8: 178-182.

Sing, S., J.K. Brar and D.K. Sandhu and A. Kaur. 1996. Isozyme polymorphism of cellulases in
Aspergillus terreus. J Basic Microbiol., 36: 289-296.

Wei, D.L., K. Kohtaro, U. Shoji and L.T. Hui. 1996. Purification and characterization of an
extracellular B-glucosidase from the wood-grown fungus Xylaria regalis. Current Microbiol.,
33:297-301.

Yang, C.H., S.F. Yang and W.H. Liu. 2007. Produciton of xylooligosaccharfides from xylans by
extracellular xylanases from Thermobida fusca. J. Agri. Food Chem., 55: 3955-3959.

Yang, S., Z. Jiang, Q. Yan and H. Zhu. 2008. Characterization of a thermostable extracellular a -
glucosdiase with activities of exoglucanse and tranglycosylation from Paecilomyces
thermophila. J. Agri. Food. Chem., 56: 602-608.

Yun, S.I., C.S. Jeono, D.K. Chung and H.S. Choi. 2001. Purification and some properties of a f3-
glucosdiase from Trichoderma harzianum Type C-4. Biosci. Biotechnol. Biochem., 65: 2028-
2032.

Zhou, J., Y.H. Wang, J. Chu, Y.P. Zhuang, S.L. Zhang and P. Yin. 2008. Identification and
purification of the main components of cellulases from a mutant strain of Trichoderma viride
T 100-14. Bioresour. Technol., 99: 6826-6833

(Received for publication 12 February 2009)



