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ABSTRACT  

Various Kinetic-thermodynamic parameters of cellulase from local 

fungi Trichoderma viride had been studied. Using carboxymethyl 

cellulose as substrate, the enzyme showed maximum activity  

(Vmax)75g/lmin
-1

mg
-1

with its corresponding Km value of  2.5x10
-

5
g/l.The constants of thermal inactivation/h

-1
  were1.04,2.89, 4.05, 5.24 

at 40, 50,60,70 C°  respctivly. Increasing the temperature to 10 C° 

leads to a sharp increase Eact, ΔH and ΔS. 
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INTRODUCTION 

There are several factors affected in cellulase production including  

(temperature, pH, optimal nutrition and environmental conditions for the production of the 

enzyme
 .[1]

 Cellulase have wide range of industrial applications such as starch processing, 

animal feed production, grain alcohol fermentation, malting and brewing, extraction of fruit 

and vegetable juices, pulp and paper industry and textile industry
.[2-6]

 Cellulase enzymes from 

various microorganisms, mainly fungi, act on cellulosic materials and biodegrade them. 

Cellulase is a synergistic enzyme that is used to break up cellulose into glucose or other 

oligosaccharide compounds
.[7] 

The enzyme kinetic constants are sensitive to various land 

management practices
.[8] 

Study the enzyme kinetic is a basis of up to date knowledge of 

molecular mechanisms of biological processes. The kinetic parameters and mechanism of the 

degradation reaction were examined to provide a theoretical basis for, and assess the 

feasibility of, its practical application.It is necessary to know optimal conditions of enzyme 

active sites functioning and the effect of different physical-chemical factors on their activity 

so the present study focus on the investigation of kinetic and thermodynamic parameters. . 
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MATERIALS AND METHODS 

1. Cellulase purification using ion exchange chromatography:Cellulase extracted from 

Trichoderma viride was purified by ion Exchange chromatography using DEAE-Cellulose an 

anionic exchanger. This matrix was used for purification because it has high capacity for 

bioseparation, easy to prepare, multiple use, in addition to simplicity to separate different 

biomolecules
.[9]

 

 

2. Determination of enzyme activity:Enzyme activity was determined using 

spectrophotometer by the method of Mandelset al,
.[10]

 The reaction mixture contained 0.9mL 

of carboxymethyl cellulose as substrate in 0.05 M Na–citrate buffer of pH 4.8 and finally 0.1 

mL of pure enzyme and incubated at 45°C for 1 h. An appropriate control which contained 1 

mL of distal water instead of pure enzyme was also run along with the test. At the end of the 

incubation period. The tubes were incubated for 5 min in a boiling water bath for color 

development and were cooled rapidly. The activity of reaction mixture was measured against 

a reagent blank at 540 nm. The concentration of glucose released by enzyme was determined 

by comparing against a standard curve constructed similarly with known concentrations of 

glucose. The unit of enzymatic activity defined as the amount of enzyme required to liberate 

Micro Mol of reducing sugars per hour under the conditions of the reaction. 

 

3. Kinetic parameters:The kinetic parameters (Vmax and Km) were calculated by plotting 

the initial enzyme reaction velocities (V) against the substrate concentration (S) according to 

the linear Hanes-Woolf and Lineweaver-Burk transformations of the Michaelis-Menten 

equation. 

 

 

 

In Equation above, V0: enzyme relative velocity, Km: Michaelis-Menten constant, Vmax: 

Maximum velocity, [S]: Substrate concentration. 

 

RESULTS AND DISCUSSION 

The calculated Michaelis constant (Km) and maximum catalytic velocity (Vmax) values of 

cellulase are presented in summary in Table 1. 
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Table 1. The values of Km and Vmax for the hydrolysis reaction of Carboxymethyl  

cellulose.  

g/lmin
-1

mg
-

 Vmax Km, g/l Enzyme 

75 2.5x10
-5

 cellulase 

 

values signify the extent to which the enzymes have access to the substrates ,this value of Km 

represents higher affinity between enzymes and substrates, while the value of Vmax indicates 

the difficulty of enzyme substrate interaction
.[11]

 Kinetic parameters of the process of heat 

inactivation cellulase are shown in Table 2. 

 

Table 2. The rate constants of thermal inactivation of cellulase.              

constants of thermal inactivation/h
-1

 Temperature , C° 

1.04 04 

2.89 04 

4.05 04 

5.24 04 

 

Analysis of the results indicates a low thermal stability of cellulas Trichoderma viride, the 

inactivation rate constant at any temperature which is lower than the results in other studies 

for the enzyme from other sources
.[12]

In the study of the mechanism of thermal inactivation of 

proteins valuable information can be obtained by identifying some of the thermodynamic 

parameters: enthalpy ΔH, entropy ΔS, the activation energy Eact., free energy ΔG. Uses the 

theory of absolute reaction rates
.[13]

 Central to this theory takes a provision stating that the 

reaction rate at a given temperature depends on the concentration of the activated complex in 

equilibrium with the non-activated molecules. Moreover, all of the activated complex decay 

at a rate determined by the ratio kvT / h, in which - the Boltzmann constant (1, 3305·10
-23

·· J 

/ K), h - Planck's constant (6, 6267·10
-34

·· J · s), T - absolute temperature (K).  

 

Thus, the reaction rate constant k was found from the equation: k = kvTK
*
/h.  

Where K * - equilibrium constant between the activated complex and non-activated 

molecules.  

 

Hence the value of K * is defined as follows: K * = kh / kv T. Knowing the value of the 

equilibrium constant was calculated ΔG * by the formula: 

 ΔG * = ΔH * - TΔS * = -RT · lnK *, where R - gas constant (8.315 J / K · mol). 

To determine the ΔH * using the equation: Eact = ΔH * + RT                                                                             

Activation energy (Eact)  found by Arrhenius plot of the relationship: 
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Eact = 2,303 · R · tgα 

Where α - angle between the oblique line with the abscissa. 

Knowing Eact, Δ H * calculated by the formula: 

Δ H * = Eact – RT 

To determine the equation ΔS * used: ΔS * = (ΔH - ΔG) / T 

Thermodynamic parameters for the thermal inactivation of cellulase are presented in Table 3. 

 

Table 3. The values of thermodynamic parameters of the hydrolysis of Carboxymethyl 

cellulose by Trichoderma viride cellulase.       

ΔS, (kJ/ mol) 
 

ΔH, (kJ/ mol) 
 

ΔG, (kJ/ mol) 
Еа(kJ/ mol) 

 
Temperature, 

C° 

-77.4 6.7 45.9 3.2 40 

-74.8 6.9 46.1 4.8 00 

-78.5 6.6 46.9 9.5 04 

-79.9 10.3 47.7 14.1 00 

-805 11.2 48.2 15.7 04 

-83.4 13.4 49.5 17.6 00 

-84.8 13.8 49.9 18.1 04 

 

It is shown that the effect of high temperatures on cellulase accompanied by an increase Eact, 

Δ H *, ΔS * hydrolysis reaction of carboxymethyl cellulose. Arrhenius plots for determining 

the activation energy characterized by fracture points to the serial flow of catalytic reactions 

(Fig.1). 

-4 

-3 

-2 

-1 

3 3.05 3.1 3.15 3.2 3.25

lg k 1/T 10-3 

 

 

 

Figure(1): Arrhenius plot for cellulase  Trichoderma viride 

 

Eact consequence of increasing the temperature increases the rate of reduction is the process 

of catalysis. Obviously, the protein globule at temperatures well below the transition 

temperature denaturation undergoes substantial conformational rearrangements of the type of 
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small local changes, taking loose metastable structure defining the steric hindrance in the 

formation of enzyme-substrate complex. This implies an increase of the energy barrier for the 

reaction catalysis (Eact) andΔ H *. Analysis of the data suggests that the conformational 

changes of protein molecules that affect their catalytic ability for cellulase occur at 45and 55 

C°  respectively. 

 

More accurate temperatures start rearrangements in the protein globule due process of 

thermal inactivation can be obtained from the Arrhenius plot. Depending lg k versus 1 / T are 

straight, the intersection points which correspond to 55 C°. As seen from Fig.1 Arrhenius plot 

is convex. Concave polygonal line described by the Arrhenius equation, due to the fact that 

large activation energies are observed at high temperatures. Negative values of ΔS * for the 

hydrolysis reaction of carboxymethyl cellulose indicate that the reaction of hydrolysis of 

carboxymethyl cellulose proceeds with great speed and is characterized by high regularity. 

Increasing ΔS * with increasing temperature due to the transition from the ordered molecules 

cellulase globules in a chaotic tangle. Small changes in the values of ΔS * indicates a 

preferential destruction of weak bonds (hydrogen and electrostatic), resulting in a lower loss 

of catalytic activity. 

 

CONCLUSION 

Analysis the data of this study to help understanding the thermal stability of cellulase  

Trichoderma viride can make an assumption about the partial destruction of a weak 

electrostatic influence of temperature and, possibly, hydrogen bonds, supporting the 

conformation of the protein molecule, , which is accompanied by a loss of hydrolytic activity 

of the enzyme.It is shown that the effect of high temperatures on cellulose  accompanied by 

an increase Eact, ΔH, ΔS hydrolysis of carboxymethyl cellulose. Arrhenius plots determine 

the activation energy characterized by the presence of fracture, indicating the occurrence of 

consecutive reaction catalysis. 

 

REFERENCES 

1. GOMES, I., GOMES, J, GOMES , D .J. and STEINER , W. Simultaneous production of 

high activities of thermostable  Endoglucanase and β-glucosidase by the wild 

thermophilic fungus Thermoascus aurantiacus. Appl. Microbial Biotechnology. 2000; 53: 

461-468. 
97 



coms.www.wjpp                           Vol 4, Issue 02, 2015.                                           

                 

 

6 

 

Taha et al.                                    World Journal of Pharmacy and Pharmaceutical Sciences 

2. Ögel, Z.B., K. Yarangümeli, H. Dürdar and I. Ifrij.Submerged cultivation of Scytalidium 

thermophilum on complex lignocellulosic biomass for endoglucanase production. 

Enzyme and Microbial Technol. 2001; 28: 689-695. 

3. Roopesh, K., R.K. Sumetra, M.S. Nampoothiri, G. Szakacs and A. Pandey.Comparison of 

phytase production on wheat bran and oil cakes in solid-state fermentation by Mucor 

racemosus. Bioresour. Technol. 2006; 97: 506-511. 

4. Adsul, M.G., K.B. Bastawde, A.J. Varma and D.V. Gokhale. Strain improvement of 

Penicillium janthinellum NCIM 1171 for increased cellulase production.Bioresour. 

Technol. 2007; 98: 1467-1473. 

5. Kaur, J., B.S. Chadha, B.A. Kumar and H.S. Saini. Purification and characterization of 

two endoglucanases from Melanocarpus sp. MTCC 3922. Bioresour. Technol. 2007; 98: 

74-81. 

6. Papinutti, V.L. and F. Forchiassin . Lignocellulolytic enzymes from Fomes sclerodermeus 

growing in solid-state fermentation   J. Food Eng. 2007; 81: 54-59. 

7. Parry, N.J., et al. (2001) Biochemical characterization and mechanism of action of a 

thermostable ß-glucosidase purified from Thermoascus  aurantiacus. Biochemical 

Journal. 2001; 353: 117-127. 

8. Nannipieri, P., Gianfreda, L. Kinetics of enzyme reactions in soil environments. In: 

Huang, P.M., Senesi, N., Buffle, J. (Eds.), Structure and Surface Reactions of Soil 

Particles. Wiley, Chichester, 1998; 450-479. 

9. Karlsson, E.; Ryden, L. and Brewer, J. Protein Purification, High resolution Methods and 

Applications, In Janson, J. C. and Ryden, L. (eds.) 2
nd

.,Vol:59, Wiley-VCH, 

Inc.Welnbeim,Germany1998. 

10. Mandels, M. and Andreotii, R. C. Measurment of saccharifying  

Cellulase.Biotechnol.Bioeng.Symp. 1976; 6: pp 21-23. 

11. M,L. Shuler, F. Kargi,. Bioprocess Engeneering-basic Concepts.Prentice-Hall,     

India.2005. 

12. Banafshe Khalili,Farshid Nourbakhsh,Nafiseh Nili, Hossein Khademi  Bahram 

Sharifnabi.Diversity of soil cellulase isoenzymes is associated with soil cellulase kinetic 

and thermodynamic  parameters.J. Soil Biology & Biochemistry. 2011; 43:1639-1648. 

13. Yakovlev,V.A .The kinetics of enzymatic catalysis / V.A .Yakovlev. - J.Sience, 1985; 

P248.(In Russian). 

 


