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Abstract: Cellulose is the most abundant component 

of lignocellulose with a vast range of applications in 

various fields such as nanotechnology, pharmacy, food 

industry. The cellulase enzyme complex consists of 

three major enzymes, including endoglucanases, 

exoglucanases, and beta-glucosidases, which are 

capable of decomposing cellulose. In this study, 

various fungal species were isolated from the degraded 

woods of Arasbaran forests. The activity zone 

technique was used to screen cellulolytic fungi. Based 

on the results, three fungal isolates had the highest 

cellulolytic activity. Phylogenetic analysis was 

performed based on the Internal Transcribed Spacer 

(ITS) region and the isolates were classified into two 

genera as follows: Trichoderma and Aspergillus. The 

cellulolytic activity of three fungal isolates was 

measured by the DNS method and indicated that 

T. harzianum has the highest activity (22.3 U/mg)

compared with other isolates. Afterward, the growth

condition of T. harzianum was optimized by Response

Surface Methodology (RSM) to obtain a high amount

of cellulase activity. The results indicated that the

maximum amount of cellulase production (38.3 U/mg)

was observed at 1.5% CMC, 0.51% peptone, pH 5,

temperature 26.4°C, and incubation for about 3 days.  

Therefore, T. harzianum could be considered as a

potential candidate for genetic improvement and

enzyme production.

Keywords: Aspergillus, cellulase, optimization, 

phylogeny, Trichoderma 

INTRODUCTION 

Cellulose is a homopolysaccharide composed of 

linear chains of β-1,4 linked D-glucose subunits. It is 

an important structural compound of the plant cell wall 

and is the most abundant organic polymer on the earth 

(Seddiqi et al. 2021). Cellulose has tremendous 

economic importance all around the world because of 

its breakdown into simple sugars, which cause a huge 

change in the food and natural fuel industries 

(Chakraborty & Gaikwad 2012; Wüstenberg 2014) 

The cellulose polymer could be broken through 

acid and enzymatic hydrolysis. Enzymatic hydrolysis 

consumes less energy and is more environmentally 

friendly than acid hydrolysis (Bhat 2000). The 

enzymatic hydrolysis of cellulose is carried out by a 

group of enzymes known as cellulases. Cellulases play 

mainly in the hydrolysis of cellulose to smaller sugar 

components that can later be converted to numerous 

industrial products (Kuhad et al. 2011). Moreover, it 

has a main role in natural biodegradation processes in 

which plant lignocellulosic biomasses are efficiently 

degraded (Peciulyte 2007). Cellulases are a complex 

group of enzymes composed of endo-1,4-β-D-

glucanase, exo-1,4-β-D-glucanase, and β-glucosidase 

that the synergic acts of these enzymes are necessary 

for complete hydrolysis of cellulose (Nishida et al. 

2007, Dashtban et al. 2009, Sari et al. 2016).  

Cellulases are the most important commercial 

enzymes that are widely used in different industries, 

including textile, food, paper, and pulp industries, 

pharmaceuticals, and alcoholic fermentation of cereals 

(Kumar et al. 2019). Cellulases are produced by 

different pro- and eukaryotes microorganisms, 

including both bacteria and fungi (Lederberg 1992). 

The microorganisms that can produce all three types of 

cellulases enzymes, and hydrolyze cellulose to 

glucose, are very important (Béguin & Aubert 2009). 

Many studies have been carried out aimed at obtaining 

new micro-organisms producing cellulase enzymes 

with higher specific activities and greater efficiency 

(Rathnan et al. 2012). 

Fungi are one of the major contributors to the 

breakdown of organic matters in nature (Lynd et al. 

2002). Lignocellulosic biomasses, such as decayed 

woods, are suitable substrates for cellulolytic fungi and 
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could be a potential source for the discovery of 

cellulase-producing fungi.  

Structurally fungal cellulase systems are less 

complex as compared to bacterial cellulase systems 

and can be more rapidly produced (Maki et al. 2009). 

Therefore, there is an interesting challenge to obtain 

cellulase-producing fungi with higher activity 

(Rathnan et al. 2012). Although different species of 

fungi can hydrolysis cellulose, only a small number of 

them produce significant amounts of cellulases capable 

of complete hydrolysis of cellulose polymers (Rathnan 

et al. 2012). Many filamentous fungi such as 

Aspergillus, Humicola, Penicillium, Neurospora, and 

Trichoderma are the most studied cellulase producer 

(Atanasova et al. 2010; Herculano et al. 2011; 

Hildebrand et al. 2015). 

In view of the significance and application of the 

fungal cellulases, this study aims to isolate and identify 

cellulose-degrading fungi from decayed wood and 

optimize the growth factors to improve efficient 

cellulase production. 

 

MATERIALS AND METHODS 

 
Fungal strains 

Fungi were isolated from degraded wood samples 

which were collected from Arasbaran forests 

(38°50ʹN, 46°59ʹE) in the north-west of Iran in October 

2018. The degraded wood samples were segmented 

into 1 cm size and surface sterilized was done 

according to the Burgdorf et al. (2014) method. 

Samples were dipped in 70% ethanol for 1 min, soaked 

in 0.5% sodium hypochlorite for 1 min, and washed 

three times in sterile distilled water. The sterilized 

samples were placed on potato dextrose agar media 

(PDA, Merck) and incubated at 25°C for 2 weeks. 

During this time, the growing tips of fungal mycelia 

were transferred onto a new plate of PDA for obtaining 

pure culture. The pure culture was conserved on the 

PDA slant agar at 4°C. 
 

Screening of cellulolytic fungi 

The cellulolytic activity of fungal isolates was 

determined based on the decolourization area on 

Carboxy Methyl Cellulose (CMC) selective media 

(Saroj et al. 2018). Selective media contained the 

following: NaNo3 2 g, FeSO4 0.01 g, K2HPO4 0.005 g, 

CaCl2 0.02 g, MgSO4 0.5 g, CMC 5 g, and agar 15 g in 

a liter of distilled water. Single spore isolates were 

grown in selective media and incubated at 25°C for 5 

days. To visualize the decolourization area, the plates 

were flooded with an aqueous solution of Congo red 

1% at room temperature for 15 min on a rotary shaker 

at 120 rpm and thoroughly washed with 1 M NaCl 

(Chetna et al. 2015). Fungal isolates which showed the 

highest cellulolytic activities were used for further 

research. The formation of a clearing zone around the 

colonies confirms the secretion of cellulase. 

 

DNA extraction, PCR amplification, and sequencing 

 

To identify the fungal isolates, two disks (0.6 cm 

diameter) from cellulose-degrading isolates were 

inoculated into 100 ml of potato dextrose broth (PDB, 

Difco) media and incubated at 25 °C for 5 days on a 

rotary shaker at 120 rpm. The mycelia were harvested 

by filtration, dried for 48 h at 50 °C, and used for DNA 

extraction using the method described by Zhu et al. 

(1993). 

DNA amplification of ITS-nrDNA region was 

performed using oligonucleotide primers ITS 1 (5'- 

TCCGTAGGTGAACCTGCGG-3') and ITS 4 (5'-TC 

CTCCGCTTATTGATATGC-3') (Toju et al. 2012). 

PCR reaction was conducted in 25 μL of volume 

containing 10 ng template DNA, 2.5 μL reaction buffer 

(10X), 0.7 μL MgCl2, 0.5 μL dNTPs mix (10mM), 0.5 

U Taq DNA polymerase, 0.4 μL each primer (20 pmol 

of each primer), and 18 μl deionized water. Thermal 

cycling was performed in a thermocycler (SensoQuest) 

using the following settings; initial 94 ºC for 5 min, 30 

cycles at 94 ºC for 1 min, 55 ºC for 1 min and 72 °C for 

1 min, followed by a final extension step of 10 min at 

72 °C. The PCR products were confirmed via 1% 

agarose gel electrophoresis and visualized by a UV 
transilluminator. 

The PCR products were sequenced using the 

respective primers. The sequences were deposited in 

the NCBI Gen Bank and a similarity search was done 

by NCBI-BLAST analysis. Phylogenetic analyses 

were assessed using MUSCLE and MEGA software 

ver. 6.0 (Tamura et al., 2013) combined with bootstrap 

analyses from 1000 replicates. 

 

Cellulase assay 

Cellulase production assay was carried out in 

centrifuge tubes (50 ml) which contained CMC and 

peptone (Islam & Roy 2018). The media also 

contained minerals such as KH2PO4 (1 g/L), MgSO4 

(0.5 g/L), and CaCl2 (0.001 g/L), which were 

inoculated with one plug (diameter 0.6 cm) from the 

margin of actively growing isolates on PDA. The 

growth media was incubated at 30°C for 3 days. After 

incubation, the media was centrifuged at 10,000×g for 

20 min and then the supernatant was collected to study 

cellulolytic activity using the method described by 

Miller (1959). In this method, the concentrations of 

reducing sugars (products of enzyme activity) were 

measured using the DNS reagent test. The reaction 

mixture was prepared by adding 0.1 mL of culture 

supernatant to 0.25 mL of CMC (1%) substrate and 

incubated at 25°C for 60 min for an enzymatic 

reaction. Then, 0.35 ml of DNS (3,5-Dinitro salicylic 

acid) reagent was added and the tubes were boiled in a 

water bath for 5 min. The absorbance of the reaction 

mixture was measured at 540 nm by UV spectroscopy. 

Bradford protein assay method was used to measure 

the total protein concentration in the culture media 

(Bradford 1976). 
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Optimization of enzyme activity process by RSM 

In this study, the role of the pH of culture medium, 

temperature and time of incubation, the concentrations 

of C and N sources were investigated to determine the 

optimal conditions for cellulase production. 

Box-Behnken Design (BBD), one of RSM designs, 

with a three-level factorial design, was utilized as the 

experimental design model for optimization of the 

influential parameters to obtain the highest enzyme 

activity (Table 1). Five independent variables were 

CMC concentration (X1= 0.5-1.5%), peptone concent- 

ration (X2=0.5-1.5 %), pH (X3=5-7), temperature 

(X4=25-35 ºC), and Time (X5= 3-7 days), and the 

enzyme activity was chosen as responses. According 

to BBD, forty-six randomized experiments, including 

six replicates at the center points, were conducted.  
 

Table 1. Experimental levels of independent variables. 

Variables Symbol 
Variable levels 
-1 0 +1 

CMC concentration (%) X1 0.5 1.0 1.5 
Pepton concentration (%) X2 0.5 1.0 1.5 
pH  X3 5 6 7 
Temperature (ºC) X4 25 30 35 
Time (day) X5 3 5 7 

 

RESULTS 

 
In this study, the degraded wood samples were 

found to be occupied with different fungal isolates. A 

total of 63 degraded wood segments were processed, 

and 30 fungal isolates were recovered. The isolates had 

different cultural characteristics such as colony 

appearance, mycelia texture, and pigmentation. 

The CMC medium was used to screen the potential 

cellulolytic fungi based on the clear zone formed 

around their colonies. The presence of clear zones 

around the colony after the addition of Congo red 

solution was strong evidence for cellulase secretion 

(Fig. 1). Out of 30 fungal isolates, three isolates could 

produce cellulase enzymes and developed a clear zone 

on the CMC medium. The isolates that hydrolyzed the 

CMC very efficiently (Td1, T3 and T5c) were selected 

for molecular identification and cellulolytic activity 

assay.   
The phylogenetic tree was created using the 

neighbor-joining (NJ) algorithm with a p-distance 

substitution model and bootstrapping of 1000 

replications (Fig. 2). It revealed that the lineages of the 

isolates could be clustered into three clades, 

representing different as follows: Trichoderma (T5c 

and T3) and Aspergillus (Td1) (Fig. 2). The first clade 

showed 100% bootstrapping to the T. harzianum 

sequences. The second clade comprised the isolate 

grouped with 100% bootstrapping to T. viride 

sequences obtained from NCBI. The third clade 

contained the isolate grouped to A. flavus sequences 

obtained from NCBI. 
 

 
Fig. 1. Isolate T5c (Trichoderma harzianum) on CMC 

medium after coloring with 1% Congo red. Clear zone 

indicate cellulolytic activity. 

 

 
Fig. 2. Phylogenetic analysis of cellulolytic fungi isolated from degraded woods based on ITS-nrDNA region sequences. The 

phylogenetic tree was constructed using the neighbor-joining method (1000 bootstrap replications). 
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The cellulolytic activity assay of three selected 

isolates showed that isolate T5c has the highest activity 

(22.3 U/mg) compared to other isolates. Hence, T5c 

was selected to achieve the optimal condition for the 

highest enzymatic activity.   
According to ANOVA, the significance of the 

Quadratic Model was confirmed by the higher amount 

of F (2.37) and a smaller amount of p 0.04). Moreover, 

the validity of the Quadratic model was confirmed by 

the lack of fit value (P–value of 0.082), which showed 

that it was non-significant. Furthermore, a good model 

fit was obtained for the enzyme activity, with "R-

Squared" of 0.9840, and "Adj R-Squared" of 0.9635, 

which show a good demonstration of the variability of 

the parameters by the models. Additionally, the "Pred 

R-Squared" of 0.7938 was in good agreement with the 

"Adj R-Squared". Also, the significance of the model 

terms was estimated by p-value. According to the 

ANOVA results, X1X2, X1X3, and X12 have significant 

effects on enzyme activity. So, after eliminating the 

non-significant factors, a final equation was according 

to equation 1. 

 

Y= 0.1 - 9 X1X2 – 11.77 X1X3 + 7.23 X1
2 (Equation 1) 

 

Equation 1 shows that the interaction between 

peptone and CMC concentration and also the 

interaction between pH and CMC concentration have 

negative effects on the enzyme activity, while the 

square of CMC concentration has a positive effect on 

the activity. 

To imagine the influence of the independent 

variables and their interactions on the enzyme activity, 

3D response surface graphs were plotted (Fig. 3a, b). 

Fig. 3a indicated the response surface plot between 

peptone and CMC concentration on the enzyme 

activity. According to Fig. 3a, at low CMC 

concentration (0.5%), the enzyme activity increased 

significantly by increasing peptone concentration, but 

at high CMC concentration (1.5%), the enzyme 

activity decreased significantly by increasing peptone 

concentration. Therefore, the highest enzyme activity 

was obtained at low CMC concentration and high 

peptone concentration, and or inverse.  
 

 
 

 
Fig. 3. Response surface plot showing the (a) 3D effect of peptone and CMC concentration; (b) 3D effect of pH and CMC 

concentration 

a 

b 
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DISCUSSION 

 
Microorganisms play major roles in the natural 

biodegradation of organic matters (Shahriarinour et al. 

2011). They are usually preferred as efficient sources 

for enzyme production due to their advantages, such as 

fast growth, easy handling, and genetic tuning for 

obtaining the desired products (Nduka 2007). 

Filamentous fungi have the capability to produce 

higher quantities of cellulases as compared to other 

organisms (Imran et al. 2016, Amouri & Gargouri 

2006, Gaur & Tiwari 2015). They are used in many 

industrial processes for the production of enzymes and 

metabolites. Some of the advantages of employing 

fungi for enzyme production are low-cost materials 

with high productivity, faster production, and 

amenable modified enzymes. Also, fungal cellulases 

are less complex than that of bacterial origin and they 

can be more rapidly cloned and produced (Maki et al. 

2009). Furthermore, the extracellular enzymes which 

are normally secreted outside cells can be easily 

recoverable from the culture media (Vishwanatha et al. 

2010, de Souza et al. 2015). Cellulose hydrolyzing 
enzymes include β-1,4-endoglucanases (carboxymethyl 

cellulases), β-1,4-exoglucanases (cellobiohydrolases), 
and β-1,4-glucosidases. Among them, β-1,4-

endoglucanases are primary enzymes in cellulose 

deconstruction and produce substrates for β -1,4-

exoglucanases, and β-1,4-glucosidases (Singh & 

Khajuria 2018.). Then, β-1,4-endoglucanases have 

more importance rather than others (β-1,4-

exoglucanases and β-1,4-glucosidases) in cellulose 

degradation (Singh & Khajuria 2018). So, in this work, 

the carboxymethyl cellulase activity of the fungal 

isolates were studied using CMC as a substrate. 

The result of cellulolytic activity screening based 

on the clear zone dimension on the CMC media 

showed that isolates Td1, T3 and T5c had the highest 

cellulolytic activities. The molecular characterization 

using the sequence of 18s rDNA showed that each of 

them was closely related to Aspergillus sp. and 

Trichoderma sp. Several studies reported that these 

fungi can potentially be used as extracellular cellulase 

producers in the fermentation industry process. 

Sivakumaran et al. (2014) have successfully recovered 

21 isolates of cellulolytic fungi from rice straw and 

showed that Aspergillus and Trichoderma are potential 

isolates in the aspect of cellulase production. In the 

same studies, A. flavus and T. harzianum as cellulolytic 

fungi were isolated from rice straw and degraded wood 

(Lee et al. 2011; Elbakary & Ageez 2018). However, 

the cellulolytic activity of studied isolates was varied 

from previous studies. The study of Pedersen et al. 
(2009) showed that there was variation between 

isolates of the same species. Mishra et al. (2002) 

indicated that the high level of intraspecific variation 

could be due to point mutations. 
In our study, all the studied isolates were recovered 

from decayed woody samples of oak and maple trees. 

This might be due to the fact that decayed wood is the 

best habitat for the growth of such a microbial system. 

Similar to our study, Bekele et al. (2015) identified 

potential cellulolytic fungal isolates from degraded 

wood. 

Different parameters such as temperature, pH, time 

of incubation, and media components such as carbon 

and nitrogen sources can affect cellulase production by 

fungal isolates (Sethi & Gupta 2014). Interactions of 

these components are critical; hence optimization is an 

essential process in the production and commercial 

application of such enzymes (Niyonzima 2020).  

Among the environmental parameters, the pH of 

the culture medium has a crucial effect on enzymatic 

activity. Each enzyme has its own optimum range for 

pH, where it is most active and the result is determined 

by the effect of pH on a combination of factors such as 

binding of the enzyme to substrate, catalytic activity of 

the enzyme, ionization of the substrate and the 

variation of protein structure (Robinson 2015). The 

optimum pH value differs between enzymes of various 

fungi. In this study, the optimum pH for T. harzianum 

was closer to neutral that showed the preference of T. 

harzianum towards acidic to a neutral environment. 

Maximal production of cellulase was observed in 

cultures of isolate Tc5 on day 3, 1.5% CMC, 0.5% 

Peptone, pH 5 at 26 °C. In a study of cellulase produc- 

tion by T. reesei Rut-C30, maximum production of 

cellulase occurred after 3 days of incubation (Zhang et 

al. 2012). Yadav et al. (2016) and El-hadi et al. (2014) 

showed that among different sources of nitrogen such 

as yeast, meat extract, urea, peptone, ammonium 

chloride and ammonium sulfate, the effect of peptone 

on cellulase production was higher than other nitrogen 

sources.  

 

CONCLUSION  

 
In this study, 17 fungal isolates were grown on 

CMC selective media that out of them only three 

isolates, namely: A. flavus, T. harzianum, and T. viride 

were efficiently hydrolyzed the CMC. T. harzianum 

(isolate T5c) showed maximum zone of hydrolysis 

followed by A. flavus and T. viride. The results of 

optimization of the culture condition showed that 

maximal cellulase production of T. harziaum was 

obtained in cultures containing 1.5% CMC, 0.51% 

Peptone, pH 5 at 26 °C for 3 days. Thus, this isolate 

should be considered as a potential candidate for 

genetic improvement and enzyme production.  
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تشکیل:  چکیده ترکیب  بیشترین  زمینه سلولز  در  فراوان  کاربرد  با  است  لیگنوسلولز  نانوتکنولوژی، دهنده  جمله  از  مختلفی  های 

اندوگلوکانازها، اگزوگلوکانازها و بتاگلوکزیدازها تشکیل  باشد. مجموعه آنزیمی سلولاز از سه آنزیم اصلی داروسازی و صنایع غذایی می 

  غربالگری جهت    .پوسیده جداسازی گردید  هایچوبقارچ از  مختلف  های  گونهدر این پژوهش،  شود که توانایی تجزیه سلولز را دارد.  می

دارای بیشترین   سه جدایه قارچنتایج،    با توجه به  .های تولید کننده آنزیم سلولاز از روش آزمون منطقه فعالیت استفاده شد جدایه

  و   Trichodermaها به دو جنس  نشان داد که جدایه  ITS-nrDNA  فیلوژنتیکی بر اساس ناحیه  آنالیزفعالیت سلولازی بودند. نتایج  
Aspergillus    تعلق دارند. فعالیت سلولازی سه جدایه قارچ به روشDNS    سنجیده شد و مشخص شدT. harzianum   دارای بیشترین  

 .T  باشد. سپس، برای بدست آوردن مقادیر بالای آنزیم سلولاز، شرایط کشتها می ( در مقایسه با سایر جدایهU/mg  3/22)  فعالیت

harzianum  با استفاده از روش سطح پاسخ  (RSM  )تولید   حداکثر میزان  نتایج حاصل از روش رویه پاسخ نشان داد،  .بهینه سازی شد

( غلظت  U/mg  3/38آنزیم  غلظت    CMC  5/1( در  زمان   4/26، دمای  5برابر     pHدرصد،  51/0  پپتوندرصد،  و  درجه سلسیوس 

جدایه بالقوه برای بهبود ژنتیکی و تولید آنزیم   تواند به عنوان یکمی  T. harzianumروز مشاهده شد. بنابراین،    3  حدود  انکوباسیون

 مطرح گردد. 
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