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This work focused on studying the enzymatic and electrochemical properties of cellulase immobilized 

on carboxylated MWCNTs (cellulase/c-MWCNTs). The morphology and attachment of impurities, 

enzymatic and electrochemical properties of c-MWCNTs and cellulase/c-MWCNTs were studied. 

Results of morphology and attachment of impurities by FESEM and FTIR showed that the c-

MWCNTs were prepared in bundles structure with porous and smooth surface but after cellulase 

immobilization by entrapment inside c-MWCNTs matrix, the prepared cellulase/c-MWCNTs 

displayed the rougher surface with more saturated pores. These results of FTIR evidenced to form N–

H and O–H stretching vibrations of cellulase, and presence of nitriles, amide group and aliphatic amide 

bond in cellulase/c-MWCNTs structure that confirmed to successfully immobilization of cellulase 

enzyme on the c-MWCNTs side walls.  Study of enzymatic properties showed that the optimum 

condition for electrochemical study of the cellulase/c-MWCNTs was concentration of 4 mg/ml, pH 4 

and temperature of 35°C. Electrochemical study of cellulase/c-MWCNTs for detection catechol 

showed linear range and detection limit were obtained 10 to 160 µM and 0.004 µM, respectively. The 

comparison of sensing properties of cellulase/c-MWCNTs and other reported catechol sensors 

indicated the comparable electrochemical properties. Low detection limit for determination of catechol 

on the cellulase/c-MWCNTs can be due to formation of fast electron transfer pathways between the 

cellulase/c-MWCNTs electrode and the electrolyte. 

 

 

Keywords: Enzymatic property; Electrochemical sensor; Cellulase; Carbon nanotubes;Cyclic 

voltammetry; Amperometry 

 

 

1. INTRODUCTION 

Cellulase  (C18H32O16) as multi-enzyme system is synthesized from several microorganisms 

such as fungal species (lichtheimia romosa, Dipodascaceae, Phaffomycetaceae, Humicolainsolens and 
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Trichoderma citrinoviride), bacterial species (Bacillus, Trichoderma reesei, Paenibacillus 

chitinolyticus CKS1,  Clostridium thermocellum and Ochrobactrumsp K38),  actinomycetes and 

protozoans [1, 2]. In addition, Cellulase can be produced in agricultural and forestry residues, 

aquatic plants, organic components of municipal solid waste, woody and herbaceous biomass. This 

enzyme includes several kinds of enzymes such as β-1,4-endoglucanases, β-glucosidase, β-1,4-

exoglucanases (cellobiohydrolases), β-xylosidase, and β-1,4-glucosidases [1].  

This enzyme also completely hydrolysis polysaccharide carbohydrates like cellulose, starch, 

glycogen and chitin. On the other hand, it can break down cellulose molecules to glucose. Cellulase is 

widely used in food and pharmaceutical processing, animal feed production, fermentation of biomass 

into biofuels, composting, laundry detergents, agriculture, textile wet processing, detergent, pulp, and 

paper bleaching. 

Meanwhile, use of free molecules of cellulase shows some problems for separation, recovery of 

used molecules and their repeatability and reusability after hydrolysis reaction [3, 4]. By considering 

the high price of the enzyme, enzyme immobilization is a beneficial method that enhances the enzyme 

repeatability and reusability [5-9]. Both physical and chemical adsorptions are the immobilization 

methods which lead to formation of hydrophobic, covalent and hydrogen bindings between the enzyme 

molecules and substrates [10-13]. Studies showed the that entrapment of biomolecules in sol-gel, 

silica, polymers, composites, graphene, MWCNTs and nanostructured matrixs not only have been 

improved the enzymatic activity and stability but also  it is cost effective [14-19]. For example, Zhang 

et al. [20] synthesized functionalized magnetic Fe3O4nanospheres with core–shell morphologies and 

used for cellulase immobilization. Their results showed that cellulase immobilization capacity has been 

enhanced with increasing surface charge of nanospheres. Zhang et al. [21] immobilized cellulose onto 

silica gel surfaces and showed the activity of the immobilized cellulase was enhanced 7 ± 2 % 

compared to the free cellulose sample. Thus, this study focused on investigation of the enzymatic and 

electrochemical properties of cellulase immobilized on carboxylated MWCNTs. 

 

 

 

2. EXPERIMENT 

In order to immobilize the enzyme on MWCNTs, 50 mg of MWCNTs (< 80%, outer diameter 

of 20-40 nm, length of 10-30 μm,  XingtaiShineway Corporation Co., Ltd., China) was added to 200 

ml of mixture of nitric acid (68%, Qingdao HiseaChem Co., Ltd., China)  and sulphuric acid (98%, 

Qingdao HiseaChem Co., Ltd., China) at a volume  ratio of  1:2 (v:v). The resulting mixture was 

dispersed in an ultrasonic bath at 35 °C for 5 hours to combine the acid mixture and functionalize the 

MWCNTs surface. The c-MWCNTs was washed with deionized water and filtered with hydrophilized 

PTFE membrane (0.2 - 0.65 μm, JiAn City Qingfeng Filter Equipment Material Co., Ltd., China). 

Then, acid cellulase enzyme (Zibo Aoqiang Chemical Co., Ltd., China) was added to 50 mL food 

buffer sodium phosphate monobasic (50 mM, 98%, Shanghai Sky Chem Industrial Co., Ltd., China),  

5 ml citric acid (99.5%, Hunan MingruiXiangsheng Trade Co., Ltd., China) and c-MWCNTs. The 

suspension was ultrasonically stirred for 2 hours. Then, 200 mL of 4 % sodium alginate (Qingdao 

Yingfei Chemical Co., Ltd., China) was added to the stirred suspension. After then, the cellulase 

https://hyfbeyond.en.made-in-china.com/product/VSGJFBtcXako/China-Acid-Cellulase-Enzyme-Textile-Enzyme.html
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immobilized with MWCNTs (cellulase /MWCNT) suspension was centrifuged at 2500 rpm for 10 

minutes, followed by washing and immersion in fresh phosphate buffer solution (PBS) to remove any 

unbound enzyme and immersion. Finally, cellulase /MWCNT was dropped on GCE and leftto air dry 

for 12 hours and stored for further characterization. 

Field emission scanning electron microscopy (FESEM S-4800, Hitachi, Tokyo, Japan) analysis 

was used to study the structural and surface morphologies of the c-MWCNTs and cellulase/c-

MWCNTs. Fourier transform infrared (FTIR, Xi'an Heb Biotechnology Co., Ltd., China) spectroscopy 

analysis was conducted in the range 500 to 4000 cm-1 to study the attachment of impurities on 

MWCNTs. 

In order to study of enzyme activity, the mixture of 2 ml of 0.1 M PBS, 1 ml of 

carboxymethylcellulose (90%, Linyi Jindi Chemical Co., Ltd., China) and 1 ml (U/mL) of acid 

cellulase enzyme was prepared. Then, 6 ml of 3, 5-dinitrosalicylic acid (Seebio Biotech (Shanghai) 

Co., Ltd., China) was added in an ultrasonic bath at 95 °C for 20 minutes. After cooling, 10 ml of de-

ionized water was added to the obtained mixture. The absorbance of 3, 5-dinitrosalicylic acid was 

measured at 540 nm using the UV-vis spectrophotometer (Bench Top N6000, Shanghai Yoke 

Instrument Co., Ltd., China). 1 ml de-ionized water as the blank control was serially added to the 

enzyme solution. Hydrolysis of cellulase formed 3- amino-5-nitrosalicylic acid which showed the 

maximum absorbance at 540 nm [22]. Therefore, optical density was proportional to the reduction of 

cellulase or enzyme activity [23]. The immobilized enzyme activity obtained by equation (1) where t 

and g are the reaction time and amount of immobilized enzyme on MWCNTs [23, 24]: 

 

𝐸𝑛𝑧𝑦𝑚𝑒 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦 =  
reduction of cellulase  (mg)

0.18 𝑡𝑔
     (1) 

 

Cyclic voltammetry (CV) and amperometry for electrochemical characterization of prepared 

samples were performed with potentiostat (Autolab PGSTAT 302N, EcoChimie B.V.) in standard 

three-electrode electrochemical cell using prepared electrode as the working electrodes, a platinum foil 

as the counter electrode and an Ag/AgCl (KCl, 3 M) as reference electrode. 0.1 M phosphate buffer 

solutions (PBS) was used as electrolyte in electrochemical cell which prepared from 0.1 M 

H3PO4 (≥85%, Hebei Mojin Biotechnology Co., Ltd., China) and 0.1 M NaH2PO4 (98%, Hebei Mojin 

Biotechnology Co., Ltd., China). The pH of solutions was adjusted by HCl (36%, Qingdao HiseaChem 

Co., Ltd., China) and NaOH (99%, ZoupingBoyi Chemical Industry Co., Ltd., China). 

In order to determine the catechol in real samples, the commercially available green tea sample 

of Lipton brand was purchased  from a supermarket and crushed to powder using a mortar, and then 

0.1 g of dry powder was mixed to 100 ml of 0.1 M PBSpH 4.0. The mixture was shaken for 15 minutes 

at 90 ºC, and filtered anddiluted to 100 ml of 0.1 M PBS pH 4.0 containing 5 mM [Fe(CN)6]3−/4-, and 

stored for further studies.  

 

3. RESULTS AND DISCUSSION 

FESEM images of c-MWCNTs and cellulase/c-MWCNTs are presented in Figure 1. As 

observed, there are c-MWCNTs bundles with porous and smooth surface with length in the range of 4 
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µm to 6 µm and diameter in the range of 40 nm to 70 nm. After cellulase immobilization, the FESEM 

image of cellulase/c-MWCNTs shows the rougher surface with more saturated pores which indicated 

the porous and smooth surfaces of c-MWCNTs are appropriate sites for absorption of enzyme and 

successfully immobilization of cellulase enzyme molecules on c-MWCNTs surface. It suggested that 

there are relatively high numbers of hydrophobic amino acids on cellulase surfaces which can form 

covalent bonds with hydroxyl and carboxylic groups on c-MWCNTs bundles [25].  

 

 
 

Figure 1. FESEM images of (a) c-MWCNTs and (b) cellulase/c-MWCNTs. 

 

 

FTIR spectrums of MWCNTs, c-MWCNTs and cellulase/c-MWCNTs are shown in Figure 2. 

For MWCNTs sample (Figure 2a), FTIR spectrum shows the peak at 1090.20 cm−1 corresponding to 

stretching vibrations of C–O bond in MWCNTs. The peak at 1550.12 cm−1 is associated with C=C 

stretching vibration of graphite band in MWCNTs, the peaks at 2860.02 cm−1 and 2923.21 cm−1 

relating to C–H asymmetric and symmetric stretching vibrations in MWCNTs, respectively. The peak 

at 3480.33 cm−1 is assigned to stretching vibration –OH bonds, respectively [26]. 

The FTIR spectrum of c-MWCNTs (Figure 2b) shows the peak at 1079.28 cm−1 describe by the 

introduction of carboxylic functional groups of C–O on the carbon surfaces [27]. The peak at 1391.35 

cm−1 shows the presence of stretching mode of C=C of aromatic groups on c-MWCNTs. The peak at 

1655.04 cm−1 which demonstrated the presence of C=O stretching frequency and formation of 

carboxylic acid groups on the side surfaces of carboxylated MWNTs. The peak at 2920.18 cm−1 

exhibits the C–H stretching vibration created at the defect sites of acid-oxidized MWCNT surface [28]. 

The peak at 3503.05 cm−1 illustrates to formation of carboxylic functional groups of O–H on the 

carbon surfaces [27].  

The FTIR spectrum of cellulase/c-MWCNTs (Figure 2c) also displays the peaks at 3451.77 

cm−1, 3378.35 cm−1, and 3204.05 cm−1 that these indicate to characteristic of N–H and O–H stretching 

vibrations of cellulase. The peaks at 2468.25 cm−1,1660.11 cm−1 and1071.02 cm−1 are related to 

presence of nitriles, amide group and aliphatic amide bond in cellulase/c-MWCNTs structure [29]. 

Moreover, the peak at 1385.40 cm−1 represents maintenance of the C=C stretching aromatic mode of 
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MWCNT after the immobilization process. These results confirm the successful immobilization of 

cellulase enzyme on the c-MWCNTs side walls. 

 

 
 

Figure 2. FTIR spectrums of (a) MWCNTs, (b) c-MWCNTs and (c) cellulase/c-MWCNTs 

 

 

 
 

Figure 3. Influence of immobilized enzyme concentration on (a) enzyme activity and (b) 

immobilization yield of cellulase on MWCNTs in pH 7 at 25 °C. 

 

 

In order to determine the optimum concentration of the immobilized cellulase, the influence of 

immobilized enzyme concentration on enzyme activity and immobilization yield of cellulase on 
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MWCNTs display in Figures 3a and 3b. As found from Figure 3a, the activity of immobilized enzymes 

is enhanced with the increasing cellulase concentration from 1 to 4 mg/ml because of large surface 

area and pore sites on the MWCNT side wall.  In addition, the fast diffusion rates, ultimate high-

strength and high ratio of carbon atoms at the edges to the carbon atoms on the basal plane of 

MWCNTs make them the ideal substrate for cellulase absorption [30]. For cellulase concentration 

more than 4 mg/ml, enzyme activity on the MWCNT is slightly decreased. Moreover, the enzyme 

immobilization yield variation in Figure 3b exhibits that the maximum yield is obtained at 4 mg/ml 

where increasing the concentration of cellulase leads to decrease immobilization yield. This decrease 

in immobilization yield may be related to over saturation and clustering or steric hindrance in enzyme 

molecules that can limit the diffusion rate [31]. The similar reports for decrease in enzyme 

immobilization yield with increasing enzyme concentration have been presented  for lipase [32], 

Bacillus licheniformis L-arabinose isomerase [33], alcohol dehydrogenase [34],  and phospholipase A1 

[35]. Therefore, the 4 mg/ml is selected as optimal cellulase concentration for following 

measurements. 

pH is another effective parameter on activity and charge transfer of enzyme. Figure 4a shows 

the Effect of pH on immobilized cellulase activity with concentration of 4 mg/mL at 25 °C. As 

observed, enzyme activity is better in acidic solutions which associated with change in electrostatic 

repulsions of the ionic groups on the enzyme surface with variation of pH. The highest enzyme activity 

is obtained at pH of 4. In both acidic and alkaline pH extreme environments, the enzyme is subjected 

to the unfolding force because of ionization and created electrostatic repulsion among charge groups 

[36]. Especially for alkaline environments, denaturation and unfolded structures of protein are 

generated that contain weak and unstable secondary and tertiary structures of protein [36]. The result 

of stability and immobilized enzyme towards change in pH is agreement with other reports of enzyme 

immobilization and activity [37]. Thus, the following studies are performed at pH of 4.   

Further study was conducted on temperature effect on immobilized enzyme activity. Figure 4b 

shows the variation of enzyme activity toward the temperature and significant influence of temperature 

on enzyme activity. The optimum temperature for immobilized cellulase on MWCNTs is obtained 

35°C. For  low temperature, enzyme activity is restrained and for temperature higher than 35°C, 

enzyme experiences denaturation and inactivation phenomena [38]. These results indicate that the 

optimum condition for electrochemical study of the cellulase/c-MWCNTs is obtained concentration of 

4 mg/ml, pH 4 and temperature of 35°C. 
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Figure 4. Influence of (a) pH (25 °C) and (b) temperature on immobilized enzyme activity (pH 4) at 4 

mg/ml cellulase concentration. 

 

The electrochemical properties of MWCNTs and cellulase/c-MWCNTs were studied through 

the measurement of CVs in 0.1 M PBS pH 4.0 containing 5 mM [Fe(CN)6]
3−/4- at 50 mVs−1. As seen 

from Figure 5, the anodic peak and cathodic peaks are at about -0.08 V and 0.11 V for both of 

electrodes but higher current electrochemical redox peaks are observed for cellulase/c-MWCNTs 

which ascribed to formation of fast electron transfer pathways between the cellulase/c-MWCNTs 

electrode and the electrolyte because of synergistic effect of porous morphology  and nanometric 

cylindrical graphene sheets in the MWCNTs and crosslinking and covalent bounds of cellulase[39]. 

Moreover, enhancement of redox intensity on cellulase/c-MWCNTs can be related to the good 

biocompatibility and high surface area of MWCNTs which can provide an appropriate interface for the 

orientation and immobilization of cellulase molecules [40].Therefore, cellulase/c-MWCNTs is 

employed for following electrochemical studies. 

 

 
 

Figure 5. The recorded CVs of (a) MWCNTs and (b) cellulase/c-MWCNTs in 0.1 M PBS pH 4.0 

containing 5 mM [Fe(CN)6]3−/4- at 50 mVs−1 and temperature of 35°C. 
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Figure 6a shows the effect of scan rate on the electrochemical redox response of cellulase/c-

MWCNTs in 0.1 M PBS pH 4.0 containing 5 mM [Fe(CN)6]3−/4-. It can be observed that the currents 

of redox peaks are increased with increasing the scan rates from 10 to 100 mVs-1 and the potentials of 

redox peaks are not changed with increasing the scan rate value.Figure 6b shows the linear relationship 

between the  peak currents and square root of scan rate values which illustrated to the diffusion 

controlled of  electrochemical process [41]. 

 

 
 

Figure 6. (a) The recorded CVs of cellulase/c-MWCNTs in 0.1 M PBS pH 4.0 containing 5 mM 

[Fe(CN)6]3-/4- at scan rates from 10 to 100 mVs-1, and (b) plot of peak currents vs. square root 

of scan rate values and temperature of 35°C. 

 

 

More electrochemical studies of cellulase/c-MWCNTs were conducted by amperometry 

technique for detection catechol in 0.1 M PBS pH 4.0 containing 5 mM [Fe(CN)6]3−/4- at potential 0.11 

V. Figures 7a and 7b show the electrochemical amperometry response of cellulase/c-MWCNTs and its 

calibration plot for successive injection of 10 µM catechol solution which revealed the fast and  linear 

response of electrode toward addition of catechol. The detection limit of catechol on cellulase/c-

MWCNTs is obtained 0.004 µM. Furthermore, Figure 7b shows that the linear range is obtained from 

10 to 160 µM for catechol determination on cellulase/c-MWCNTs. The resulted sensing properties of 

cellulase/c-MWCNTs are compared with other reported catechol sensor in Table 1 which specified to 

the comparable electrochemical properties and  low detection limit for determination of catechol on the 

cellulase/c-MWCNTs due to porous matrix and biocompatible carboxylic acid functionalization of 

MWCNTs [42]. 
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Figure 7. (a) The electrochemical amperometry response of cellulase/c-MWCNTs and (b) its 

calibration plot for successive addition of 10 µMcatechol solution in 0.1 M PBS pH 4.0 

containing 5 mM [Fe(CN)6]3−/4- at potential 0.11 V and temperature of 35°C.   

 

Table 1. Comparison between the obtained detection limit and linear range values of catechol on 

cellulase/c-MWCNTs with other reported catechol sensor. 

 

Modified electrode Technique Detection 

limit         

(μM) 

Detection 

range       

(μM) 

Ref. 

MWNTs/GCE DPV* 0.2 0.6 to 100  [43] 

Graphene/GCE DPV 0.01 1  to 50  [44] 

Copper(II) complex/SWCNTs/GCE 

 

DPV 3.5 5  to 215  [45] 

Cu- mesoporous carbon/chitosan matrix CV 0.67 0.6 to 15.7 [46] 

 Laccase/ ZnO/ chitosan/GCE CV 0.290 1  to 100  [47] 

Laccase/N doped mesoporous carbon/ 

polyvinyl alcohol matrix 

amperometry 0.31 0.39 to 8.98 [48] 

Hierarchical NiAl-layered double hydroxide amperometry 0.003 0.01 to 400 [49] 

Laccase /graphene-cellulase microfiber 

composite/ screen-printed carbon electrode 

amperometry 0.085 0.2 to 209.7 [50] 

Cellulase/c-MWCNTs 
amperometry 0.004 10 to  160 This 

work 

* DPV: Differential pulse voltammetry 
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The determination of catechol in extract solution of green tea sample was done in the 

electrochemical cell containing prepared 100 ml 0.1 M PBS (pH 4.0) containing 5 mM [Fe(CN)6]3−/4-

of real sample using successive additions of the standard catechol solution. The amperogram was 

recorded after addition catechol solution at potential 0.11 V and temperature of 35°C. The cellulase/c-

MWCNTs sensor was applied in prepared real sample and the obtained recovery and relative standard 

deviation (RSD) are shown in Table 2.As observed the range of recovery and RSD values resulted 

from 83.50% to 98.66% and 1.80% to 3.17%, respectively which indicated the developed sensor can 

be effectively used for catechol detection in real samples.  

 

 

Table 2. Analytical results of catechol electrochemical determination in real samples using cellulase/c-

MWCNTs (n = 4). 

 

Real 

sample 

Amount added 

(µg/l) 

Found 

concentrations 

(µg/l) 

Recovery 

(%) 

Relative 

standard 

deviations (%) 

green 

tea 

2.00 1.87 93.50 2.11 

4.00 3.83 95.75 3.06 

6.00 5.92 98.66 1.80 

8.00 7.88 98.50 3.17 

 

 

4. CONCULUSION  

This work presented the enzymatic and electrochemical properties of cellulase immobilized on 

MWCNTs. The surface morphologies and attachment of impurities on the c-MWCNTs and cellulase/c-

MWCNTs, enzyme activity and electrochemical properties were studied. Results of FESEM and FTIR 

showed that the c-MWCNTs were prepared in bundles with porous and smooth surfaces. The prepared 

cellulase/c-MWCNTs displayed the rougher surface with more saturated pores. These results 

confirmed the successful immobilization of cellulase enzyme on the c-MWCNTs side walls.  The 

results of enzyme activity indicated that the optimum condition for electrochemical study of the 

cellulase/c-MWCNTs was obtained concentration of 4 mg/ml, pH 4 and temperature of 35°C. 

Electrochemical study of cellulase/c-MWCNTs for detection catechol showed linear range and 

detection limit were obtained 10 to 160 µM and 0.004 µM, respectively. The resulted sensing 

properties of cellulase/c-MWCNTs was compared with other reported catechol sensor which specified 

to the comparable electrochemical properties and  low detection limit for determination of catechol on 

the cellulase/c-MWCNTs due to formation of fast electron transfer pathways between the cellulase/c-

MWCNTs electrode and the electrolyte because of synergistic effect of porous morphology and 

nanometric cylindrical graphene sheets in the MWCNTs and cross linking and covalent bounds of 

cellulase. 
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