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Abstract

Filamentous fungi are very important cellulose-degrading microorganisms in
nature. The main cellulolytic fungi are Aspergillus, Trichoderma, Penicillium, Acremonium.
Cellulases have played an important role in many industrial processes as fiber textile
biobleaching, animal feeds, whitening fruit juices and wines. However, the main
special attention has been devoted to the role of these enzymes in saccharification of
lignocellulose biomass for biofuels production. Therefore, this study aimed to evaluate
the cellulase production by mutant fungi Trichoderma atroviride 102C1 and Aspergillus
awamori IOC-3913 and the effect of substrate on enzyme activity. T. atroviride 102C1
and A. awamori IOC-3913 produced endoglucanases, using sugarcane bagasse (SCB)
and corn steep liquid (CSL) as raw-material. Endoglucanase activity was assayed using
carboxymehtylcellulose (CMC) as substrate at low and medium viscosity (1.0 and 2.0%
w/v), which has 400 and 1,100 of polymerization degree, respectively. The highest
endoglucanase activity (2.63 U.ml"') was observed when T. atroviride and A. awamori
(SCB 1.5% and CSL 0.3%) were grown together and the enzyme activity was detected
in the presence of CMC low viscosity. To our knowledge, this is one of few studies
reporting the effect of CMC viscosity on assays for CMCase activity.

ABBREVIATIONS decrease of greenhouse gas emissions from fossil fuels [1,2], as
well as creating new employment opportunities in rural areas
[3]. Sugarcane bagasse is a carbon rich residue from sugar
production [4]. The high yield and high content of cellulose and
xylan makes this residue a competitive option for biofuels [5].
The use of a large amount (> 15%) of sugarcane bagasse for the
INTRODUCTION production of bioethanol offers many advantages such as high
concentration of sugars and ethanol and the reduction of costs
[6]. Lignocellulosic materials are mainly composed of polymers

CMC: Carboxy Methyl Cellulose; LV-CMC: Low Viscosity
Carboxy Methyl Cellulose; MV-CMC: Medium Viscosity Carboxy
Methyl Cellulose; CSL: Corn Steep Liquor; SCB: Sugarcane
Bagasse; CMCase: Carboxy Methylcellulase (endoglucanase)

Biomass energy has an important role to play in the
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of cellulose, hemicellulose and lignin. This raw material used for
bioethanol production can be obtained from agricultural residues
and wood industries, or from crops specifically grown for this
purpose [7,8]. Carboxymethylcellulose (CMC) is one of the most
important cellulose by-products. It is a linear, long chain, water
soluble, anionic polysaccharide derived from cellulose and used
as a substrate to detect and quantify endoglucanase activity [9].

Cellulases secreted by filamentous fungi consist of three
main components: endo-1,4-f-glucanase (EC 3.2.1.4), 1,4-3-D-
cellobiohydrolase (EC 3.2.1.91), and 1,4-B-glucosidase (EC
3.2.1.21). These three enzymes act in synergy during the
conversion of cellulose to glucose [10,11]. Trichoderma reesei is
the most studied species of Trichoderma for cellulase production.
Many traditional mutagenic strategies have been used to
improve this characteristic. Nevertheless, these attempts have
not been totally successful yet [12-15], because current enzyme
production involves high costs and is still in early developmental
stages [16]. Aspergillus species are also well known to be
cellulase and xylanase producers and many species have been
studied, including Aspergillus terreus [17], Aspergillus niger
[18], Aspergillus fischeri [19], Aspergillus niveus and Aspergillus
ochraceus [20]. Aspergillus niger and Aspergillus oryzae are
the most commonly used industrial Aspergillus species for the
production of pharmaceuticals, food ingredients, and enzymes
[21].

This research aimed to evaluate endoglucanase production
and compare low and medium viscosity CMC from Trichoderma
atroviride 102C1 and Aspergillus awamori 10C-3913. Three
different fermentation conditions were studied: (i) Trichoderma
atroviride 102C1, (ii) Aspergillus awamori 10C-3913 e (iii) co-
culture with Trichoderma atroviride 102C1 and Aspergillus
awamori 10C-3913.

MATERIALS AND METHODS

The Aspergillus awamori strain was obtained from the Fungal
Culture Collection at Fundagdo Oswaldo Cruz (Fiocruz) in Rio de
Janeiro, under the care of Dr. Maria Inez de Moura Sarquis. A wild
strain, Trichoderma atroviride 676, was obtained from the culture
collection of the CPqLMD (Centro de Pesquisa Leonidas and Maria
Deane) of Fiocruz in Manaus, and was identified by Dr. Maria
Inez de Moura Sarquis. The wild strain was exposed to mutagen
agent 1.0% nitrosoguanidine for 12 min, which resulted in a new
mutant strain Trichoderma atroviride NTG21. The new NTG21
mutant strain was exposed once again to 1.0% nitrosoguanidine
for 15 min, from which a new mutant strain, 102C1, was studied.
T. atroviride 102C1 showed increases in CMCase and xylanase
activity of 154% and 340% respectively when compared to
wild strain 676 [22]. T. atroviride 102C1 strain was selected for
further investigation owing to its increased cellulase production,
while A. awamori 10C-3913, a high beta-glucosidase producer
was also studied.

Stock cultures were maintained on yeast extract-malt
extract-agar [23] containing (g.I'!): malt extract, 10; yeast extract,
4; glucose, 4 and agar, 15, after incubation at 28°C for 15 days.
Spore suspensions were prepared according to Hopwood et al.
[24] after cultivation (282C/15 days) in the same medium and
maintained as stock cultures in 20% (v/v) glycerol at -20°C.

Spore concentration was determined using a Neubauer counting
chamber.

Enzyme production was carried out by submerged
fermentation, in Erlenmeyer flasks with 1/5 of its volume of a
culture medium based on the salt solution and urea described by
Mandels and Weber [25], at pH 4.8, supplemented with different
combinations of SCB and CSL. The composition of corn steep
solids used in this work was determined according to the analysis
by Laboratory of Analysis and Chemical Characterization on
Pontifical Catholic University (PUC) in Rio de Janeiro, Brazil,
coordinate by Dr Cristiane Maria de Mello Alves Portella. The
content of chemical elements were nitrogen 7.3%, carbon
37.9%, hydrogen 6.1%, others elements 48.7%. The different
combinations that generated five culture mediums are in Table
1. The condition SCB 2.5% (w/v) and CSL 0.7% (w/v) was done
in triplicate (central point). Each Erlenmeyer flasks (250 ml),
containing 50 ml of each medium, was inoculated with 50pl of a
spore suspension (108 spores.ml™). Cells were incubated at 282C,
under shaking conditions (200 rev. min™) for 3 days. To compare
the CMCase production of the fungal strains, 3 fermentation
conditions were assembled: (i) T. atroviride 102C1; (ii) A.
awamori10C-3913 and (iii) T. atroviride 102C1 + A. awamori 10C-
3913 co-cultivated. The inoculum ratio of co-cultivated condition
was 1:1. After 3 days of fermentation, the flasks were collected,
and their contents were passed through a 0.45 um filtration
unit containing glass fiber membrane and collected for further
analysis.

Endoglucanase (CMCase) activity was assayed by measuring
the release of reducing sugars in a reaction mixture of 1.0 ml
of the crude supernatant and 1.0 ml of carboxymethylcellulose
(CMC) sodium salt (SIGMA-ALDRICH®) solution in 50mM sodium
citrate buffer (pH 4.8) incubated at 50°C for 30 min. A comparison
between 2 different types of CMC, at different viscosity levels,
was investigated: 1.0 and 2.0% medium viscosity (MV-CMC),
with a polymerization degree of 1.100 and molecular weight of
250 kDa, compared with 1.0 and 2.0% low viscosity (LV-CMC),
with a polymerization degree of 400 and molecular weight of 90
kDa. Reducing sugars were assayed by the dinitrosalicylic acid
(DNS) method [26]. One unit (U) of CMCase activity corresponded
to 1 mol of glucose equivalents released per minute under the
assay conditions [27]. All assays were performed in duplicates
and results were expressed as average values. Variations
between samples in the multiple assays were <10 %. The data
were statistically analyzed by Experimental Design at the 0.10
probability level (p <0.10)

RESULTS AND DISCUSSION

CMCase production by Trichoderma atroviride 102C1 and

Table 1: Media composition used in the different submerged
fermentation conditions.
Experiment SCB CSL
(Y% w/v) (Y% w/v)
1 1.5 0.3
2 3.5 0.3
3 1.5 1.1
4 3.5 1.1
5 2.5 0.7
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Aspergillus awamori 10C-3913 (individually, Figures (1) and
(2) and in co-culture (Figure 3), were evaluated by comparing
the two types of CMC. The amounts of CMCase activity from the
Trichoderma atroviride 102C1 strain ranged from 1.55 to 2.01
U.ml? (LV-CMC 1.0%) and 1.43 to 2.09 U.ml! (LV-CMC 2.0%).
However, when MV-CMC was used as the substrate, at the same
concentrations, the enzymatic activity was lower and ranged from
0.25 to 0.73 U.ml! (Figure 1), with 0.008 < p < 0.98. The amounts
of CMCase activity of Aspergillus awamori 10C-3913 ranged from
1.34 to 2.27 U.ml* (LV-CMC 1.0%) and 0.81 to 1.32 U.ml* (LV-
CMC 2.0%). The same phenomenon, a decrease, was observed
when the MV-CMC was used as the substrate (Table 3) and the
enzymatic activity was less than 0.53 U.ml* (Figure 2), with 0.01
< p < 0.52. The same effect was again observed in the co-culture
(Figure 3), when the CMCase activity reached values between
1.93 to 2.63 U.ml! (LV-CMC 1.0%) and 1.20 to 1.97 U.ml* (LV-
CMC 2.0%), with 0.002 < p < 0.68. Enzymatic activity decreased
when MV-CMC was used as substrate at 1.0% (range 0.51 to 0.74
U.ml?) and 2.0% (range 0.25 to 0.36 U.ml?). For Trichoderma
atroviride and Aspergillus awamori strains, individually and in
co-culture, the highest enzyme production (2.63 U.ml!) was seen
in experiment 1, where SCB was 1.5% and CSS was 0.3%.

CMCase activity increased in all fermentation systems
when LV-CMC was used as the enzyme substrate. In the first
fermentation system (Trichoderma atroviride 102C1), CMCase
activity increased 301% in comparison with MV-CMC. In the
second system (Aspergillus awamori 10C-3913) the increase was
931%. When both fungi were grown together (third fermentation
system), the increase was even greater, exceeding 950%. The high
increase in enzymatic activity was in the presence of LV-CMC and
can be explained by viscosity of the system. We observed in all
cases that the viscosity of CMC substrate interferes significantly
in enzymatic activity. This is the first report that quantifies the
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effect of CMC viscosity on endoglucanase activity assays and is
important for bioprospecting and improving enzyme production.
Another important aspect which must be considered is the
degree of polymerization of the CMC substrate. All these factors
influenced CMCase activity.

The enzymatic activity values showed that using LV-CMC
results in higher activity than MV-CMC. Unfortunately in the
literature, papers neglect to mention the viscosity of the CMC
used in their CMCase assays. Castro et al [28], reported on
endoglucanase activity (0.56 U.ml?) produced by Trichoderma
harzianum using pretreated sugarcane bagasse after 4 days-
fermentation and using MV-CMC. Wang et al [29], reported on
endoglucanase production by Trichoderma koningii which was
evaluated using different carbon sources with no mention of CMC
viscosity. They reported high maximum activity (7.0 U.ml™) using
celluloseasthe carbonsource. However, there wasno specification
about the viscosity of CMC used to detect endoglucanase activity.
Mushtaq et al. [30], evaluated the endoglucanase production by
Aspergillus sydowii from three different carbon sources (corn
cobs, rice straw and sugarcane bagasse). The maximum activity
(2.01 U.ml™) they obtained was after 4 days-fermentation, using
corn cobs as carbon source. However, when sugarcane bagasse
and rice straw were used as carbon source, the maximum
endoglucanase activity was 1.87 and 1.99 U.ml?, respectively.
The results demonstrate that the strains reported on here are
similarly productive to previous studies.

CONCLUSION

Trichoderma atroviride 102C1 and Aspergillus awamori 10C-
3913 were able to grow and produce good levels of CMCases
using SCB and CSS as low-cost substrates and a mineral source.
A maximum CMCase concentration of 1.97 U.ml" was observed
from a culture medium containing 2.5% SCB and 0.7% CSS and

OT. atroviride (LV-CMC 2.0%)
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Figure 1 CMCase production by T. atroviride 102C1 on 5 different media composition and CMC low (LV-CMC) (grey and white column) and medium
(MV-CMC) (black and red column) viscosity at 1.0 and 2.0% (w/v). The results are expressed as U.ml ™.
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Figure 2 CMCase production by A. awamori 10C-3913 on 5 different media composition and CMC low (LV-CMC) (grey and white column) and
medium (MV-CMC) (black and red column) viscosity at 1.0 and 2.0% (w/v). The results are expressed as U.ml.
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Figure 3 CMCase production by co-culture T. atroviride 102C1 and A. awamori 10C-3913 on 5 different media with CMC low (LV-CMC) (grey and
white column) and medium (MV-CMC) (black and red column) viscosity at 1.0 and 2.0% (w/v). The results are expressed as U.ml ™.

LV-CMC. The use of LV-CMC as the enzyme substrate was very
promising when compared to MV-CMC. These findings suggest
that a solution with lower polymerization degree increases
the enzyme activities. The results herein demonstrate that
the fungal strains studied are worthy of further investigation
with biotechnological applications a possibility. The difference
between using LV-CMC and MV-CMC is significant and it is
clear that LV-CMC should be preferably used for endoglucanase
activity assays.

ACKNOWLEDGEMENTS
This work was supported by Conselho Nacional de
Desenvolvimento Cientifico e Tecnologico (MCT/CNPq),

Coordenacdo de Aperfeicoamento de Pessoal do Ensino Superior
(CAPES), Fundagdo Carlos Chagas Filho de Amparo a Pesquisa
do Estado do Rio de Janeiro (FAPER]), Financiadora de Estudos
e Projetos (FINEP) and Conselho de Ensino para Graduados e
Pesquisas (CEPG/UFR]).

JSM Biotechnol Bioeng 3(2): 1053 (2016)

4/5



@SCiMCdCentrai

do Nascimento et al. (2016)
Email: rodrigopires@eq.ufij.br

REFERENCES

1. Bull SR, Riley C], Tyson KS, Costella R. Total fuel cycle and emission
analysis of biomass to ethanol. Energy Biom Wastes 1992; 16: 1-14.

2. Kheshgi HS, Prince RC, Marland G. The potential of biomass fuels in the
context of global climate change; focus on transportation fuels. Ann
Rev Energy Environ. 2000; 25: 199-244.

3. Wyman CE, Dale BE, Elander RT, Holtzapple M, Ladisch MR, Lee
YY. Coordinated development of leading biomass pretreatment
technologies. Bioresour Technol. 2005; 96: 1959-1966.

4. LiJ, Lin], Xiao W, Gong Y, Wang M, Zhou P, et al. Solvent extraction of
antioxidants from steam exploded sugarcane bagasse and enzymatic
convertibility of the solid fraction. Biores Technol. 2013; 130: 8-15.

5. LiJ, Zhou P, Liu H, Xiong C, Lin J, Xiao W, et al. Synergism of cellulose,
xylanase and pectinase on hydrolyzing sugarcane bagasse resulting
from different pretreatment technologies. Biores Technol. 2014; 155:
258-265.

6. Mondenbach AA, Nokes SE. The use of high-solids loadings in biomass
pretreated with liquid hot water for bio-etahnol production using
Saccharomyces cerevisiae. Biores Technol. 2012; 144: 539-547.

7. Hahn-Hagerdal B, Karhumaa K, Fonseca C, Spencer-Martins I, Gorwa-
Grauslund MF. Towards industrial pentose-fermenting yeast strains.
Appl Microbiol Biotechnol. 2007; 74: 937-953.

8. Koppram R, Tomas-Pejé E, Xiros C, Olsson L. Lignocellulosic ethanol
production at high-gravity: challenges and perspectives. Trends
Biotechnol. 2014; 32: 46-53.

9. Bono A, Ying PH, Muei CL, Sarbatly R, Krishnaiah D. Synthesis and
characterization of carboxymethyl cellulose from palm kernel cake.
Adv Nat App Sci. 2009; 3: 5-11.

10.Wilson DB. Cellulases and biofuels. Curr Opin Biotechnol. 2009; 20:
295-299.

11.Wilson DB. Microbial diversity of cellulose hydrolysis. Curr Opin
Microbiol. 2011; 14: 259-263.

12.Chand P, Aruna A, Magsood AM, Rao LV. Novel mutation method for
increased cellulase production. ] Appl Microbiol. 2005; 98: 318-323.

13.Kovacz K, Megyeri L, Szakacs G, Kubicek CP, Galbe M, Zacchi G.
Trichoderma atroviride mutants with enhanced production of cellulose
and B-glucosidase on pretreated willow. Enz Microb Technol. 2008;
43:48-55.

14.Kovacz K, Szakacs G, Zacchi G. Comparative enzymatic hydrolysis of
pretreated spruce by supernatants, whole fermentation broths and
washed mycelia of Trichoderma reesei and Trichoderma atroviride.
Biores Technol. 2009; 100: 1350-1357.

15.Jiang X, Geng A, He N, Li Q. New isolate of Trichoderma viride strain
for enhanced cellulolytic enzyme complex production. ] Biosci Bioeng.
2011;111:121-127.

16.Adsul MG, Bastawde KB, Varma A], Gokhale DV. Strain improvement
of Penicillium janthinellum NCIM 1171 for increased cellulase
production. Biores Technol. 2007; 98: 1467-1473.

Cite this article

17.Gao ], WengH, Xi Y, Zhu D, Han S. Purification and characterization of a
novel endo-betal,4-glucanase from the thermoacidophilic Aspergillus
terreus. Biotechnol Lett. 2008; 30: 323-327.

18.Ncube T, Howard RL, Abotsi EK, Jansen van Rensburg EL, Ncubu L.
Jatropha curcas seed cake as substrate for production of xylanase and
cellulase by Aspergillus niger FGSCA733 in solid state fermentation.
Ind Crops Prod. 2012; 37: 118-123.

19.Senthikumar SR, Ashokkumar B, Chandra Raj K, Gunasekaran P.
Optimization of medium composition for alkali-stable xylanase
production by Aspergillus fischeri Fxn 1 in solid-state fermentation
using central composite rotary design. Biores Technol. 2005; 96:
1380-1386.

20.Betini JHA, Michelin M, Peixoto-Nogueira SC, Jorge JA, Terenzi HF,
Polizeli MLTM. Xylanases from Aspergillus niger, Aspergillus niveus
and Aspergillus ochraceus produced under solid-state fermentation
and their application in cellulose pulp bleaching. Bioproc Biosys
Engin. 2009; 32: 819-824.

21.Pandey A, Selvakumar P, Soccol CR, Nigam P. Solid state fermentation
for the production of industrial enzymes. Curr Sci. 1999; 77: 149-162.

22.0liveira MMQ, Grigorevski-Lima AL, Franco-Cirigliano MN,
Nascimento RP, Bon EPS, Coelho RRR. Trichoderma atroviride 102C1
Mutant: A high endoxylanase producer for assisting lignocellulosic
material degradation. ] Microb Biochem Technol. 2014; 6: 236-241.

23.Shirling EB, Gottlieb D. Methods for characterization of Streptomyces
species. Int ] System Bacteriol. 1966; 16: 312-340.

24.Hopwood DA, Bibb M], Chater KF, Kieser T, Bruton CJ, Kieser HM, D ]
Lydiate, C P Smith, ] M Ward and H Schrempf. Genetic manipulation
of Streptomyces, a Laboratory Manual. The John Innes Institute,
Norwich, United Kingdom, 1985.

25.Mandels M, Weeber J. The production of cellulases. In: Cellulases and
their applications, Gould RF editors. Advances in Chemistry Series.
Washington, DC: American Chemical Society 1969; 95: 391-414.

26.Miller L. Use of a dinitrosalicylic acid reagent for determination of
reducing sugar. Anal Chem. 1959; 31: 426-428.

27.Ghose TK. Measurement of cellulase activities. Pure Appl Chem. 1987;
59:257-268.

28.Castro AM, Pedro KCNR, da Cruz JC, Ferreira MC, Leite SGF, Pereira
Jr N. Trichoderma harzianum 10C-4038: A promising strain for the
production of a cellulolytic complex with significant $-glucosidase
activity from sugarcane bagasse cellulignin. Appl Biochem Biotechnol.
2010; 162: 2111-2122.

29.Wang Z, Ong HX, Geng A. Cellulase production and oil palm empty fruit
bunch saccharification by a new isolate of Trichoderma koningii D-64.
Proc Biochem. 2012; 47: 1564-1571.

30.Mushtaq M, Khatoon F, Batool S. Optimization of culture conditions
for the production of endoglucanases from Aspergillus sydowii using
corn cobs. Pinn Biochem Res. 2014; 1: 1-7.

de Oliveira MMQ, Ribeiro GA, de Lima ALG, do Nascimento RP, Macrae A (2016) The Influence of Carboxymethylcellulose Substrate on the Endoglucanase activ-
ity Produced by Trichoderma atroviride 102C1 and Aspergillus awamori |0C-3913 in Submerged Fermentation. JSM Biotechnol Bioeng 3(2): 1053.

JSM Biotechnol Bioeng 3(2): 1053 (2016)

5/5


http://www.annualreviews.org/doi/abs/10.1146/annurev.energy.25.1.199
http://www.annualreviews.org/doi/abs/10.1146/annurev.energy.25.1.199
http://www.annualreviews.org/doi/abs/10.1146/annurev.energy.25.1.199
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/23280180
http://www.ncbi.nlm.nih.gov/pubmed/23280180
http://www.ncbi.nlm.nih.gov/pubmed/23280180
http://www.ncbi.nlm.nih.gov/pubmed/24457310
http://www.ncbi.nlm.nih.gov/pubmed/24457310
http://www.ncbi.nlm.nih.gov/pubmed/24457310
http://www.ncbi.nlm.nih.gov/pubmed/24457310
http://www.cell.com/trends/biotechnology/references/S0167-7799(13)00220-5
http://www.cell.com/trends/biotechnology/references/S0167-7799(13)00220-5
http://www.cell.com/trends/biotechnology/references/S0167-7799(13)00220-5
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
https://www.researchgate.net/publication/279598236_Synthesis_and_characterization_of_carboxymethyl_cellulose_from_palm_kernel_cake
https://www.researchgate.net/publication/279598236_Synthesis_and_characterization_of_carboxymethyl_cellulose_from_palm_kernel_cake
https://www.researchgate.net/publication/279598236_Synthesis_and_characterization_of_carboxymethyl_cellulose_from_palm_kernel_cake
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
https://www.researchgate.net/publication/247238573_Trichoderma_atroviride_mutants_with_enhanced_production_of_cellulase_and_b-glucosidase_on_pretreated_willow_Enzyme_Microb_Technol
https://www.researchgate.net/publication/247238573_Trichoderma_atroviride_mutants_with_enhanced_production_of_cellulase_and_b-glucosidase_on_pretreated_willow_Enzyme_Microb_Technol
https://www.researchgate.net/publication/247238573_Trichoderma_atroviride_mutants_with_enhanced_production_of_cellulase_and_b-glucosidase_on_pretreated_willow_Enzyme_Microb_Technol
https://www.researchgate.net/publication/247238573_Trichoderma_atroviride_mutants_with_enhanced_production_of_cellulase_and_b-glucosidase_on_pretreated_willow_Enzyme_Microb_Technol
http://www.ncbi.nlm.nih.gov/pubmed/18793835
http://www.ncbi.nlm.nih.gov/pubmed/18793835
http://www.ncbi.nlm.nih.gov/pubmed/18793835
http://www.ncbi.nlm.nih.gov/pubmed/18793835
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/17097876
http://www.ncbi.nlm.nih.gov/pubmed/17097876
http://www.ncbi.nlm.nih.gov/pubmed/17097876
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.sciencedirect.com/science/article/pii/S0926669011004511
http://www.sciencedirect.com/science/article/pii/S0926669011004511
http://www.sciencedirect.com/science/article/pii/S0926669011004511
http://www.sciencedirect.com/science/article/pii/S0926669011004511
http://www.ncbi.nlm.nih.gov/pubmed/15792586
http://www.ncbi.nlm.nih.gov/pubmed/15792586
http://www.ncbi.nlm.nih.gov/pubmed/15792586
http://www.ncbi.nlm.nih.gov/pubmed/15792586
http://www.ncbi.nlm.nih.gov/pubmed/15792586
http://www.ncbi.nlm.nih.gov/pubmed/19271244
http://www.ncbi.nlm.nih.gov/pubmed/19271244
http://www.ncbi.nlm.nih.gov/pubmed/19271244
http://www.ncbi.nlm.nih.gov/pubmed/19271244
http://www.ncbi.nlm.nih.gov/pubmed/19271244
http://www.iisc.ernet.in/currsci/jul10/articles23.htm
http://www.iisc.ernet.in/currsci/jul10/articles23.htm
http://www.omicsonline.org/open-access/trichoderma-atroviride-c-mutant-a-high-endoxylanase-producer-for-assisting-lignocellulosic-material-degradation-1948-5948.1000150.php?aid=26335
http://www.omicsonline.org/open-access/trichoderma-atroviride-c-mutant-a-high-endoxylanase-producer-for-assisting-lignocellulosic-material-degradation-1948-5948.1000150.php?aid=26335
http://www.omicsonline.org/open-access/trichoderma-atroviride-c-mutant-a-high-endoxylanase-producer-for-assisting-lignocellulosic-material-degradation-1948-5948.1000150.php?aid=26335
http://www.omicsonline.org/open-access/trichoderma-atroviride-c-mutant-a-high-endoxylanase-producer-for-assisting-lignocellulosic-material-degradation-1948-5948.1000150.php?aid=26335
http://ijs.microbiologyresearch.org/content/journal/ijsem/10.1099/00207713-16-3-313
http://ijs.microbiologyresearch.org/content/journal/ijsem/10.1099/00207713-16-3-313
https://books.google.co.in/books?id=CW8vBQAAQBAJ&pg=PA120&lpg=PA120&dq=The+production+of+cellulases.+In:+Cellulases+and+their+applications,+Gould+RF+editors.+Advances+in+Chemistry+Series.+Washington,+DC:+American+Chemical+Society+1969;+95:+391-414.&source=
https://books.google.co.in/books?id=CW8vBQAAQBAJ&pg=PA120&lpg=PA120&dq=The+production+of+cellulases.+In:+Cellulases+and+their+applications,+Gould+RF+editors.+Advances+in+Chemistry+Series.+Washington,+DC:+American+Chemical+Society+1969;+95:+391-414.&source=
https://books.google.co.in/books?id=CW8vBQAAQBAJ&pg=PA120&lpg=PA120&dq=The+production+of+cellulases.+In:+Cellulases+and+their+applications,+Gould+RF+editors.+Advances+in+Chemistry+Series.+Washington,+DC:+American+Chemical+Society+1969;+95:+391-414.&source=
http://pubs.acs.org/doi/abs/10.1021/ac60147a030?journalCode=ancham
http://pubs.acs.org/doi/abs/10.1021/ac60147a030?journalCode=ancham
http://www.iupac.org/publications/pac/59/2/0257/
http://www.iupac.org/publications/pac/59/2/0257/
http://www.ncbi.nlm.nih.gov/pubmed/20455032
http://www.ncbi.nlm.nih.gov/pubmed/20455032
http://www.ncbi.nlm.nih.gov/pubmed/20455032
http://www.ncbi.nlm.nih.gov/pubmed/20455032
http://www.ncbi.nlm.nih.gov/pubmed/20455032
http://www.sciencedirect.com/science/article/pii/S1359511312002851
http://www.sciencedirect.com/science/article/pii/S1359511312002851
http://www.sciencedirect.com/science/article/pii/S1359511312002851
http://pjpub.org/Abstract/abstract_pbcr_131.htm
http://pjpub.org/Abstract/abstract_pbcr_131.htm
http://pjpub.org/Abstract/abstract_pbcr_131.htm

	The Influence of Carboxymethylcellulose Substrate on the Endoglucanase activity Produced by Trichode
	Abstract
	Abbreviations
	Introduction
	Materials and Methods
	Results and Discussion
	Conclusion
	Acknowledgements
	References
	Table 1
	Figure 1
	Figure 2
	Figure 3

