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Abstract: The aim of the present study is to identify thermostable and halostable enzymes from filamentous fungal strains. Trichoderma 

harzianum, Aspergillus niger and Aspergillus flavus show the highest cellulolytic enzyme activity. The cellulolytic enzyme activities of 

these species were characterized using filter paper, carboxymethyl cellulose and microcrystalline cellulose. The optimum temperature range 

for the activity of endoglucanase, a component of the enzymatic complexes, is 65–70 °C, whereas the optimum range for exoglucanase is 

55–70 °C. All the enzymes are thermostable at 40–70 °C. At a temperature of 60 °C, for all three species, the optimal pH for endoglucanase 

and exoglucanase activity is 6 and 5.5 respectively. The results of a saline stability test indicate that more than 80% of the enzyme activity is 

retained for 1 h in 25% sodium chloride. Using carboxymethyl cellulose as substrate, T. harzianum exhibits a Michaelis-Menten constant 

(Km) of 19.53 mg.mL-1 (the lowest) and maximum velocity (Vmax) of 0.4 µmol.min-1.mL-1.The high halostability and thermostability of 

the cellulases produced by these fungal strains point to their potential use in harsh industrial processing conditions. 
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1. Introduction 

Lignocellulosic waste is an abundant resource which can be 

converted into renewable energy and various products such 

as human nutrients, animal feedstock and chemicals via 

enzymatic hydrolysis [1]. The physical and chemical 

pretreatment of lignocellulosic materials requires the 

subsequent use of enzymes to degrade cellulose and 

hemicellulose before fermentation. In biological pretreatment 

bacterial and fungal species are used to directly degrade 

lignocellulosic biomass and initiate fermentation process at 

the same time. These microorganisms are able to synthesize 

multi-enzyme complexes that can bind and degrade cellulose 

and hemicellulose [2]. Cellulases such as endoglucanase (EC 

3.2.1.4), exoglucanase (3.2.1.91), hydrolyse β-1,4 linkages in 

cellulose chains and act synergistically with hemicellulases 

and other enzymes produced by fungi and bacteria [3]. 

Endoglucanases hydrolyse the internal β-1,4-glycosidic 

bonds of cellulose chains, resulting in the production of new 

chain ends while exoglucanases cleave cellulose chains at the 

ends to produce cellobiose or glucose units [4]. Cellulases 

can readily be produced by filamentous fungi under solid-

state fermentation (SSF).  Filamentous fungi are suited to 

solid-state fermentation because of their tolerance to low 

amounts of water, good ability to particle penetrate particles 

and capacity to secrete extracellular cellulolytic enzymes, 

which allows for easy purification and extraction [5]. When 

wheat straw is used as solid substrate in SSF, its cellulose 

concentration in the medium is higher if compared when it is 

used in submerged fermentation [6]. Therefore, cellulase 

production can be increased using SSF. Cellulosic-ethanol 

production has shown that the cost of producing cellulase is 

surprisingly significant, and that reducing this cost is 

instrumental to making cellulosic-ethanol economically 

viable [7]. A recent economic study on integrated enzyme 

production method has confirmed that the activity of 

cellulase produced is equal or better than that of 

commercially available off-site cellulase in converting 

cellulose to sugar [8]. The content of cellulose in wheat 

straw is about 32% [9].  Among filamentous fungi, 

Aspergillus has been the focus of most studies due to its 

capacity to produce different enzymes associated with 

cellulose degradation [5]. A number of factors, such as high 

temperature, salinity, and the presence of organic solvents, 

metal ions and inhibitors influence the activity of cellulases. 

Therefore, enzymes with high tolerance that retain their 

catalytic activity under these conditions need to be identified. 

A similar approach was presented by Gaur and Tiwari on 

Bacillus vallismortis RG-07 [10]. The aim of the present 

study is to identify thermostable and halostable enzymes 

with properties suited to industrial applications. 

 

2. Materials and Methods 

The following fungal strains were screened in this study: 

Aspergillus awamori, Aspergillus flavus, Aspergillus oryzae, 

Aspergillus niger, Penicillium chrysogenum, Penicillium sp. 

and Trichoderma harzianum. The strains were obtained from 

the Department of Biochemistry and Microbiology, 

University of Plovdiv, Bulgaria, and the Institute of 

Agricultural Sciences, Autonomous University of Baja 

California, Mexico. All the strains were reactivated in potato 
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dextrose agar medium (PDA). Pure cultures were grown on 

carboxymethyl cellulose (CMC) agar plates at 26 °C for five 

days. The enzyme production of the microbial colonies was 

detected by flooding the plates with 0.1% Congo red for 15 

min. followed by washing with 1 N HCl for another 5 min 

[11]. Cellulolytic activity was indicated by the formation of 

clear zones around the colonies. The strains displaying clear 

zones were presumed to be cellulose degraders, and these 

were selected for further studies of cellulase production.  

 

2.1Cellulase production by SSF 

Wheat straw was used as substrate in SSF for cellulase 

production. The characterization of wheat straw was 

performed by conventional TAPPI methods [12–14]. The 

SSF was carried out in 250-mL flasks, each containing 5 g of 

dry, 25-mesh ground wheat straw and a mineral salt medium 

[15]. The mineral salt medium contained (g.L
-1

): (NH4)2SO4, 

1.86; KH2PO4, 2.0; urea, 0.3; CaCl2, 0.03; MgSO4•7H2O, 

0.3; (mg.L
-1

): FeSO4•2H2O, 5.0; MnSO4•H2O, 1.6; 

ZnSO4•7H2O, 1.4; CoCl2, 2.0; (w/v): peptone, 0.8%; and 

(v/v): Triton X-100, 0.1%. The pH of the medium was 

adjusted to 5 and supplemented to the substrate until the final 

moisture content of 70% was reached. After autoclaving, 

each flask was inoculated aseptically with 100 µL of a spore 

suspension (1 × 10
9 

spores mL
-1

) and then incubated at 28 °C 

for five days.  

 

2.2Crude enzyme extraction 

After fermentation, the flasks were subjected to the 

extraction of cellulase. To each of the flasks, 70 mL of saline 

solution (0.1% w/v NaCl) were added. The flasks were 

maintained at 120 rpm for 1 h in a shaking incubator. All the 

extracellular enzymes were dissolved and cloth-filtered. The 

filtered enzyme extract was then centrifuged at 4,500 rpm for 

15 min. at 4 °C to remove any spores and other impurities. 

This extract was stored as a crude enzyme at 4 °C for 

enzymatic activity and protein determination. Partial 

purification of the extract was performed by ethanol 

precipitation using a 1:5 extract-alcohol ratio. The 

precipitated enzyme was preserved by freeze-drying for 

further characterization.  

 

2.3Cellulase enzyme activity and protein assay 

The cellulase activities were assayed according to standard 

International Union of Pure and Applied Chemistry [16], and 

expressed as international unit (IU). One unit of enzyme 

activity is defined as the amount of enzyme capable of 

releasing 1 µmol of reducing sugar per minute under the 

assay conditions. The reducing sugars formed by the 

hydrolysis of the substrate during the incubation of the trial 

were measured by the DNS (3,5-dinitrosalicylic acid) 

method [17]. Endoglucanase activity was determined by 

incubating 0.5 mL of enzymatic extract with 0.5 mL of 1% 

carboxymethyl cellulose (CMC) in 0.05 M citrate buffer (pH 

4.8) at 50 °C for 60 min. The reaction was terminated by 

addition of 3 mL dinitrosalicylic acid reagent. The tubes 

were placed in boiling waterbath for 10 min. and cooled to 

room temperature. Absorbance was read at 540 nm against 

two blanks prepared as same as samples. One blank without 

substrate and the other without enzymatic extract. Filter 

paper activity (total cellulase activity), and exoglucanase 

activity were determined using a 1 cm x 6 cm strip of 

Whatman No.1 filter paper and 0.5 mL of 1% 

microcrystalline cellulose solution (MCC), respectively. 

Reaming steps was followed as per endoglucanase assay. A 

glucose standard curve was used to calculate the cellulase 

activity. The protein concentration was measured by 

Bradford’s method, using bovine serum albumin as standard 

[18]. 

 

2.4Gel electrophoresis and cellulase zymography 

Sodium dodecyl sulphate-polyacrylamide gel electrophoresis 

(SDS-PAGE) was performed according to the method of 

Laemmli [19] to determine the relative molecular masses of 

the enzymatic complexes. The dry and partially purified 

enzyme was dissolved in a sample buffer (0.05% 

bromophenol blue, 5% β-mercaptoethanol (β-MET), 10% 

glycerol and 2% SDS in 0.25 M Tris-HCl, pH 6.8) and 

heated at 85 °C for 10 min. For the detection of cellulase 

activity, 0.2% CMC was added to the gels before 

polymerization. The gels were loaded with 4–5 µg of a 

protein from each enzymatic complex per lane. The resulting 

samples were subjected to SDS-PAGE (resolving gel: 12% 

polyacrylamide; stacking gel: 8% polyacrylamide) using a 

Mini-Protein II system (Bio-Rad, Hercules, CA), and 

proteins with 10–250 kD molecular weight (Bio-Rad, 

Hercules, CA) were used as markers. Electrophoresis was 

carried out at 4 °C at a constant voltage (100 V) for 

approximately 2 h, or until the sample buffer dye reached the 

bottom of the gel. Total protein staining was done with Bio-

Safe Coomassie stain (Bio-Rad, Hercules, CA), following 

the manufacturer’s instructions. For cellulolytic activity 

staining, the gels were soaked in 0.1 M sodium succinate (pH 

5.8) containing 0.1% Triton X-100 for 30 min to remove 

SDS from the gels. To allow the proteins to renature, the gels 

were then incubated at 60 °C in the same buffer without 

Triton X-100 for 1 h. Subsequently, the gels were stained in 

0.2% Congo red for 15 min and distained using 2 M NaCl 

until clear activity bands were visible. For increased 

visualization of the activity of the bands, 2% v/v glacial 

acetic acid was added to the NaCl solution [20]. The 

locations of the cellulase enzymes on both types of gel were 

determined. Commercial-grade A. niger cellulase (Sigma-

Aldrich, 0.3 U/mg solid) was used as positive control and 

bovine serum albumin (Bio-Rad, Hercules, CA, 2 mg/mL) 

was used as negative control. 

 

2.5Characterization of Partially Purified Cellulases 

 

2.5.1 Effect of pH, temperature and salinity on enzyme 

activity and stability 

The enzymatic complexes were characterized by studying 

the effect of different buffers (50mM citrate buffer [pH 3–6], 

phosphate buffer [pH 7–8] and Tris-HCl buffer [pH 9]) on 

enzyme activity at 50 °C. The stability of the enzymes at 

different pH values was determined by pre-incubating an 

enzymatic suspension (1 mg of crude enzyme per mL) in the 

aforementioned pH buffer solutions for 12 h at 4 °C. To 

determine the optimum temperature for the enzyme activity, 

crude enzyme preparations were incubated at a range of 

temperatures (30–80 °C) in 50 mM citrate buffer (pH 5) for 1 

h. To determine the thermal stability, the enzyme extract was 

incubated at selected temperatures (30–80 °C) and the 

residual cellulase activity was measured after 12 h of 

incubation. Relative activity was expressed as the percentage 

of enzyme activity that remained after incubation in 

comparison to the maximum observed activity. The effect of 

salt on enzyme activity was studied by incubating the crude 



 

 

 

 

                    International Journal of Advanced Research and Publications 
 

                                                      ISSN: 2456-9992  
      

                                             Volume 1 Issue 5, November 2017 
                                                      www.ijarp.org 

42 

enzyme with different concentrations of NaCl (2–20% w/v) 

at 50 °C for 60 min and then testing the remaining activity at 

standard assay conditions. The activity of the freeze-dried 

enzymatic extract was used as the control groups. 

 

2.5.2 Effect of metal ions on enzyme activity 

To determine the effect of metal ions (10 mM) on enzyme 

activity, the enzymes were incubated with different metal 

ions (FeSO4, CaCl2, KCl, NaCl, MgCl2, ZnSO4, CuSO4, 

HgCl2, MnCl2 and NiCl2) at 60 °C for 30 min and then 

assayed under standard assay conditions. Enzymes incubated 

without metal ions served as control. 

 

2.5.3 Effect of organic solvents on cellulase activity 

Crude freeze-dried cellulases were re-suspended in 100 mM 

citrate buffer (pH 5.5) and stored at 4 °C for 24 h before the 

assay. The re-suspended enzymes were incubated with 

different organic solvents (methanol, iso-propanol, ethanol, 

methyl-isobutyl-ketone (MIK), cyclohexane, acetone, 1-

butanol, toluene and n-hexane, each at 30% v/v) for 120 h in 

screw-capped tubes at 60 °C and 120 rpm. The residual 

cellulase activity on CMC was assayed against a control 

without solvent. 

 

2.5.4 Effect of inhibitors on cellulase activity 

The effects of some inhibitors (ethylene diaminetetraacetic 

acid [EDTA], β-mercaptoethanol [β-MET], urea and 1,4-

dithiothreitol) on cellulase activity at concentration of 5 mM 

and 10 mM were investigated. Crude enzymes were 

incubated with the above-mentioned reagents for 1 h at 60 

°C, and the % residual activity on CMC was then determined 

under standard assay conditions. 

 

2.6 Michaelis-Menten constant (Km) and maximum 

velocity (Vmax) 

The apparent kinetic parameters (Km and Vmax) of the 

enzymatic complexes were determined by measuring the rate 

of hydrolysis of CMC and MCC under standard assay 

conditions. The reaction velocity was determined by 

incubating the substrates at concentrations ranging from 2.5 

to 25 mg/mL in 50 mM sodium citrate buffer (pH 5.5) at 50 

°C, with 1 h reaction time and then plotting 1/[S] versus 

1/[V] in Lineweaver–Burk plot. 

 

2.7 Enzymatic hydrolysis and total sugar yield 

The enzymatic hydrolysis of untreated, alkaline-treated 

(soaked for 12 h in 1% NaOH), acid-treated (soaked for 12 h 

in 1% H2SO4) and bleached wheat straw (following alkali 

treatment, buffer solution of acetic acid and 1.7 % aqueous 

chlorite at reflux for 4 h) was carried out in 50-mL 

Erlenmeyer flasks with 5.0% w/v of substrate and 20 mL of 

diluted crude enzyme (15 mg of freeze-dried dried cellulase 

per g of substrate) in 50 mM citrate buffer (pH 5.5) at 50 °C, 

and 150 rpm for 48 h. The reaction system was 

supplemented with 25 µL of sodium azide (0.2 mg/mL) to 

prevent microbial growth. The reaction mixture was 

centrifuged, and the supernatant was assayed to determine 

the total reducing sugar content by the dinitrosalicylic acid 

method. The percentage of hydrolysis of wheat straw (HY) 

was calculated according to the following formula [21], 

assigned as equation (1). 

     
                                     

                                    
             (1)     

                   

 2.8 Statistical analysis 

All the experiments were performed in triplicate unless 

otherwise stated. The results are reported as either means ± 

SD or error bars. 

 

3. Results and Discussion 

 

3.1 Screening of cellulose-degrading filamentous fungi 

After preliminary screening using the Congo red test, four of 

the seven strains (A. flavus, A. niger, T. harzianum and P. 

chrysogenum) exhibited cellulase activity on CMC (Figure 

1). Three of these strains were selected for further 

investigations based on the formation of a clear zone around 

the colonies. Screening for CMC enzyme activity was based 

on the fact that β-1, 4-glucan interacts specifically with the 

dye Congo red, resulting in a visible red shift. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Results of Congo red test of selected cellulose-

degrading filamentous fungi species: (A) A. flavus, (B) A. 

niger, (C) T. harzianum and (D) P. chrysogenum. 

 

3.2 Enzyme production by SSF 

The composition (%, w/w) of the original wheat straw was 

determined and contained 23% lignin, 41% cellulose, and 

36% hemicellulose on dry weight basis. The deviations of 

these contents from their respective means were all less than 

10%. The enzyme production of the fungal species differed 

after incubation for five days at 29 ± 1 °C and an initial pH 

value of 5, as shown by the analysis of the dry and ground 

wheat straw containing the inoculated fungus with 70% 

moisture content (Table 1). Among the three fungal species, 

A. flavus had the highest enzyme activity, with 12.6 U/g, 

137.90 U/g and 78.40 U/g for filter paper activity (total 

cellulase activity), endoglucanase (CMCase) and 

exoglucanase activities, respectively. All the fungal strains 

showed high CMC-active cellulase activity, indicating 

significant endoglucanase activity in the enzymatic extracts. 

 

Table 1. Enzymatic activities in U g
-1

 of dry substrate and 

protein content in µg mL
-1

 of fermentative extract under 

standard conditions from selected filamentous fungi by SSF. 
 

Fungal spp. 

Protein 
Enzyme activity of fermentative 

extract on different cellulose substrate. 

µg/mL 
FP 

U/g 

CMC  

U/g 

MCC  

U/g 

A. flavus 32.24 ± 0.4  12.6 ± 0.2  137.90 ± 2.2   78.40 ± 1.5 

A. niger 35.05 ± 0.5   7.7 ± 0.2  92.47 ± 1.5   31.99 ± 0.6 

T.harzianum 41.22 ± 0.7   7.0 ± 0.1  94.71 ± 1.4   37.10 ± 0.8 
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P.chrysogen 21.38 ± 0.6   0.6 ± 0.1 32.02 ± 0.6     9.05 ± 0.1  

 

3.3  Characterization of cellulolytic enzymes 

 

3.3.1 Effect of pH, temperature and salinity 

The endoglucanase activity of A. flavus was optimal at a pH 

value of 6 and a temperature of 65 °C. The activity showed a 

linear increase from pH 4–6 and thereafter decreased to 44% 

and 20% of relative activity at pH 7 and 8, respectively. 

Thermostability can be defined as the retention of the 

enzymatic activity after heating an enzyme extract at a 

selected temperature for a prolonged period. This enzyme 

(endoglucanase) was also stable over a broad range of pH 

values (i.e., 4–8). Although endoglucanase showed CMCase 

activity over a wide range of temperatures (30 to 70 °C), the 

optimum temperature for the activity was 65 °C. At higher 

temperatures (80 °C), enzyme activity declined to 80% that 

of optimum activity. The thermal stability results indicated 

that after incubation for 12h at pH 5.0, the crude enzymes 

maintained more than 70% of the initial CMCase activity at 

temperatures ranging from 40 to 60 °C. However, at 70 °C, 

less than 30% of the original CMCase activity remained. 

These results pointed to the thermal stability of the 

endoglucanases, illustrating the capability of the enzymes to 

resist thermal unfolding in the absence of a substrate. Similar 

results were observed by Wang et al [22] and Huang et al 

[23]. Figure 2 presents data on the relative activity of the 

three fungi species under different conditions. 

Endoglucanase activity of three selected fungal species was 

increased in the presence of NaCl from 5 to 20% (Fig 3). All 

the tested enzymes seemed to be highly halotolerant. A. 

flavus showed the highest halotolerance in the presence of 

15% NaCl (420%). This observation can be attributed to the 

presence of excess acidic amino acids in the enzymatic 

system (which have a great hydrating capacity). These result 

in a coordinated organization of a hydrated salt ion network 

to protect the enzyme from aggregation in its highly saline 

environment [24]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Relative cellulase activity of selected strains at 

different salt concentrations after 1 h of exposure under 

standard assay conditions, with CMC as the substrate. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. (A) Optimum temperature and thermal stability of 

the endoglucanases (CMCase) and (B) optimum pH and 

stability of the endoglucanases in the cellulolytic complex 

produced by the filamentous fungi by SSF. 

3.3.2 Effect of metal ions 

The effects of metal ions on the cellulase activity of the 

fungal strains are summarized in Table 2. Ca ions induced 

cellulase activity of A. flavus (200 ± 4.8 %) but had no effect 

on the enzyme activities of the other two species. In all three 

species, endoglucanase activity was strongly inhibited in the 

presence of Hg, Zn, Cu and Ni at a concentration of 10 mM. 

The metal ions Fe and K had a slight inhibitory effect on the 

enzyme activities of A. niger and T. harzianum. In addition, 

Mg inhibited the enzyme activity of T. harzianum. Similar 

results have been reported previously [25 –26]. 

 

Table 2. Effect of metal ions on enzymatic activity. 

 

 

 

 

 

 

 

 

 

3.3.3   Effect of organic solvents 

The effects of organic solvents (30%, v/v) on cellulase 

activity are depicted in Figure 4. The enzymatic complexes 

from the selected fungi were observed to show remarkable 

stability in the presence of organic solvents that were 

studied. After incubation with methyl isobutyl ketone, 

cyclohexane, acetone and n-hexane, the cellulase activity of 

all three fungal species increased 130–170%. The presence 

of methanol, iso-propanol, butanol and toluene reduced the 
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Fungi CaCl2  NiCl2  FeSO4 MgCl2  CuSO4 HgCl2 MnCl2  KCl  ZnSO4 

A. niger 100 44 90 102 48 18 44 58 48 

A. flavus 200 90 180 168 48 30 122 120 56 

T. harzianum 100 70 90 60 35 23 65 70 30 
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enzymatic activity, with residual activities in the range of 

25–70%. Adhyaru et al [27] reported a xylanase from an A. 

tubingensis strain which was stable in an organic solvent and 

retained 85% of its initial enzymatic activity. The deviations 

of these values from their respective means were all less than 

10%. The mechanism underlying tolerance to organic 

solvents was investigated by Gupta et al [28]. Based on their 

study of the Pseudomonas aeruginosa PseA protease gene, 

they proposed that hydrophobic clusters on the surface of the 

protein and disulphide bonds account for the solvent-stable 

nature of endoglucanase.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. The enzymatic complexes from: (A) A. niger, (B) T. 

harzianum and (C) A. flavus were pre-incubated with 

different organic solvents at a concentration of 30% (v/v) at 

60° C for different times, and CMC-active cellulase activity 

was assayed using standard methods. 
 

3.3.4 Effect of Inhibitors 

Table 3 shows the effects of some inhibitors on the cellulase 

activity when results when the fungal species were incubated 

in their presence. As shown in the table, the complexes 

retained their enzymatic activity in the range of 60–170% of 

endoglucanase activity compared to control. Similarly, Gaur 

and Tiwari [10] reported that the alkalophilic cellulase from 

Bacillus vallismortis RG-07 strain retained full activity in the 

presence of β-MET, EDTA, urea and 1,4-dithiothreitol 

(DTT).  

 

 
 

 

 

 

3.4 Molecular weight of enzymes 

The results of the SDS-PAGE analysis of crude cellulases 

from the fungal strains is shown in Figure 5(A), which shows 

protein bands in lanes 1, 2, and 3. These suggest that the 

studied enzyme complexes consist of polypeptide chains 

with different molecular weights. In Figure 5(B) three, four, 

and two protein bands with CMCase activity were observed 

in lanes 1, 2, and 3 respectively. Lane 2 (A. niger) has larger 

pale hydrolysis zones of CMCase-active bands. In 

comparison with lane 1 (A. flavus) and 3 (T. harzianum), 

lane 2 shows not only more protein bands but also increased 

abundance of the protein bands. Based on the SDS-PAGE 

and zymogram analysis of the three enzyme complexes, the 

molecular weights of the identified enzymes ranged between 

28-35 kDa for A. flavus, 27-39 kDa for A. niger, and 25-27 

kDa for T. harzianum. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Native PAGE and zymographic analysis of gel 

containing cellulase enzymatic complex with Bio-Safe 

Coomassie stain (a) and CMC activity in gel by Congo red 

staining (b). Lane M: molecular weight markers; lane 1, 2 

and 3: proteins secreted by A. flavus, A. niger and T. 

harzianum, respectively; lane +C: positive control 

(commercial-grade A. niger cellulase); lane –C: negative 

control (bovine serum albumin). Arrows indicate 

endoglucanase activity in the zymogram gel. 

 

Chemical 

Reagent
Control

Aspergillus 

niger

Aspergillus 
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Trichoderma 

harzianum

βMET - 0.1% 100 120 120 157

βMET - 1.0% 100 160 150 100

EDTA - 5 mM 100 71 100 135

EDTA - 10 mM 100 110 115 80

Urea - 5 mM 100 102 100 85

Urea - 10 mM 100 122 113 100

DTT - 5 mM 100 113 125 114

DTT - 10 mM 100 60 170 143
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Table 3. Effect of different inhibitors on enzymatic stability
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without incubation was taken as Control. 
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These findings are in agreement with those of other studies, 

which reported that endoglucanase enzymes are produced by 

various microorganisms [29]-[31]. J. D. Kim detected 

CMCase activity in A. flavus and reported that the molecular 

weight of the crude enzyme was around 28 kDa [32]. A 

protein with CMCase activity from A. niger with a molecular 

weight of around 27 kDa was obtained by Dobrev and 

Zhekova [29]. Recently, Kaushal et al [33] described an 

endoglucanase gene from T. harzianum with a molecular 

weight of 25.6 kDa. The difference in the molecular weight 

of the CMCase enzymes may be due to different biological 

aspects of the fungal strains such as inherent genomic traits.  

 

3.5 Kinetic parameters 

To determine the kinetic parameters of the selected 

cellulolytic enzymes, the Km and Vmax are calculated. Km 

is defined as mg of hydrolysed CMC per mL of enzyme 

extract for endoglucanase enzymes or mg of hydrolysed 

MCC per mL of enzyme extract for exoglucanase enzymes. 

Vmax is defined as micromoles of released reduced sugars 

per mL of enzyme extract per minute of reaction for both the 

endoglucanase and exoglucanase. A low Km means that the 

enzyme has a strong affinity with the substrate. The 

Michaelis-Menten constants (Km, and Vmax,) were 

estimated from Lineweaver-Burk plots of the Michaelis-

Menten equation [34]. Table 4 shows the resulting kinetic 

parameters of CMC and MCC hydrolysis for the enzymatic 

complexes of the three fungal strains. 

 

Table 4. Kinetic parameters of endoglucanases and 

exoglucanases from A. flavus, A. niger and T. harzianum by 

Lineweaver-Burk linear model. 

 

CMC hydrolysis resulted in lower Km values for 

endoglucanases, as compared with the Km values for 

exoglucanases by MCC hydrolysis. The lowest Km values 

for endoglucanase and exoglucanase were observed with T. 

harzianum (19.5 ± 0.84 mg mL
-1

 and 58.5 ± 2.93 mg mL
-1

, 

respectively). De Castro et al [35] found a similar Km value 

of 19.39 mg mL
-1

 and a Vmax value of 0.14 µmol min
-1

 mL
-1 

for CMC from T. harzianum. Although the other Km values 

and Vmax obtained in the present study are different from 

those reported in the literature [36], [37], the Km values of 

purified enzymes are likely be lower than those of crude 

enzymes. 

 

3.6 Enzymatic hydrolysis yield 

The chemical composition of untreated and pretreated wheat 

straw is shown in Table 5. It was clear that pretreatment 

increases cellulose, and decreases hemicellulose and lignin 

content. Figure 6 shows a trend in enzymatic hydrolysis 

observed with different enzymatic complexes. 

 

Table 5. Chemical characteristics of untreated and 

pretreated wheat straw. 

 

Wheat Straw 
Cellulose 

(%) 
Hemicellulose 

(%) 
Lignin 

(%) 

Untreated 35.25 41.62 23.13 

Alkaline Treated 57.18 26.77 16.05 

Acid Treaded 45.28 34.52 20.20 

Sodium Chlorite 

Bleached 
70.95 26.75 2.30 

 

The hydrolysis yield was calculated as the percentage of 

glucose released from cellulose and hemicellulose in the 

substrate. The bleached wheat straw yields the highest total 

sugar values among the three enzymatic complexes (23.5, 

10.1, and 25.6% by T. harzianum, A. niger and A. flavus 

respectively), compared to the untreated, alkaline-treated, 

and acid-treated wheat straw. Removal of lignin and 

consequent increase in cellulose content is favorable for the 

hydrolysis of wheat straw samples [38]. Pihlajaniemi et al 

reported optimum hydrolysis yields above 60% for 

enzymatic hydrolysis of pre-treated wheat straw using a 

combination of commercial enzymes [39]. 

 
Figure 6. Comparative results of enzymatic hydrolysis of 

wheat straw (WS), alkaline-treated (AL), acid-treated (AC) 

and bleach-treated (BT) wheat straw using crude enzyme 

extracts from A. flavus, A. niger and T. harzianum species. 

Hydrolysis yield was calculated based on cellulose and 

hemicellulose content in WS and pre-treated wheat straw. 

 

4. Conclusions 
During SSF of wheat straw, the fungal strains A. flavus, A. 

niger, and T. harzianum produced multi-enzymatic 

complexes, with the highest endoglucanase activity values 

being 137.90, 92.47 and 94.71 U/g, respectively. The crude 

molecular weight of the identified enzymes ranged between 

25–39 kDa with an optimum activity at pH 5.5–6.0 and 65–

70 °C. In terms of thermal stability, the enzymatic extracts 

were highly stable at a range of 40–70 °C. The minimum Km 

value of 19.5 mg.mL
-1

 was showed by T. harzianum strain 

with its corresponding maximum activity (Vmax) of 0.4 

µmol·min
-1

 mL
-1

. The A. niger strain presented the highest 

maximum activity of 2.3 mg.mL
-1

 compared with the other 

two studied strains. The enzyme activity was increased about 

4 times by adding 15% NaCl which confirms its halophilic 
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  Kinetic Parameters 

 
Endoglucanase  Exoglucanase  

Enzymatic 

System 

Km 

mg·mL-1 

Vmax  µmol·min-1 

mL-1 

Km       

mg·mL-1 

Vmax 

µmol·min-1 mL-1 

A. flavus 56.181 0.511 62.709 1.787 

A. niger 66.057 2.300 155.901 2.960 

T. harzianum 19.535 0.400 58.563 1.198 
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nature and its capability to tolerate high levels of salinity. 

Considering also that endoglucanase activity increased in the 

presence of various organic solvents, the enzyme might be 

useful for practical application in biotechnological processes 

and biomass degradation. 
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