
IOP Conference Series: Materials Science and Engineering

PAPER • OPEN ACCESS

Bio-functionalization of conductive textile materials
with redox enzymes
To cite this article: M Kahoush et al 2017 IOP Conf. Ser.: Mater. Sci. Eng. 254 112002

 

View the article online for updates and enhancements.

Related content
Direct electron transfer of glucose oxidase
on carbon nanotubes
Anthony Guiseppi-Elie, Chenghong Lei
and Ray H Baughman

-

Sound absorption of textile material using
a microfibres resistive layer
M P Segura Alcaraz, M Bonet-Aracil, J G
Segura Alcaraz et al.

-

Electrosynthesis of polyaniline–mutilwalled
carbon nanotube nanocomposite films in
the presence of sodium dodecyl sulfate for
glucose biosensing
Trong Huyen Le, Ngoc Thang Trinh, Le
Huy Nguyen et al.

-

This content was downloaded from IP address 193.10.174.146 on 09/11/2017 at 14:16

https://doi.org/10.1088/1757-899X/254/11/112002
http://iopscience.iop.org/article/10.1088/0957-4484/13/5/303
http://iopscience.iop.org/article/10.1088/0957-4484/13/5/303
http://iopscience.iop.org/article/10.1088/1757-899X/254/7/072022
http://iopscience.iop.org/article/10.1088/1757-899X/254/7/072022
http://iopscience.iop.org/article/10.1088/2043-6262/4/2/025014
http://iopscience.iop.org/article/10.1088/2043-6262/4/2/025014
http://iopscience.iop.org/article/10.1088/2043-6262/4/2/025014
http://iopscience.iop.org/article/10.1088/2043-6262/4/2/025014


1

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd

1234567890

17th World Textile Conference AUTEX 2017- Textiles - Shaping the Future IOP Publishing

IOP Conf. Series: Materials Science and Engineering 254 (2017) 112002 doi:10.1088/1757-899X/254/11/112002

Bio-functionalization of conductive textile materials with redox 
enzymes 

M Kahoush 1,2,3,4, N Behary 1, 2, A Cayla 1, 2  and V Nierstrasz 3 
1 Ecole Nationale Supérieure des Arts et Industries Textiles (ENSAIT), GEMTEX 

Laboratory, 2 allée Louise et Victor Champier BP 30329, 59056 Roubaix, France 
2 Université  de Lille, Nord de France, France 
3 Textile Materials Technology, Department of Textile Technology, The Swedish School 

of Textiles, Faculty of Textiles, Engineering and Business, University of Borås, SE-501 

90, Borås, Sweden 
4 College of Textile and Clothing Engineering, Soochow University, Suzhou, China  

                          

Email:  may.kahoush@ensait.fr 

 
Abstract. In recent years, immobilization of oxidoreductase enzymes on electrically conductive 
materials has played an important role in the development of sustainable bio-technologies. 
Immobilization process allows the re-use of these bio-catalysts in their final applications. 
In this study, different methods of immobilizing redox enzymes on conductive textile materials 
were used to produce bio-functionalized electrodes. These electrodes can be used for bio-processes 
and bio-sensing in eco-designed applications in domains such as medicine and pollution control. 
However, the main challenge facing the stability and durability of these electrodes is the 
maintenance of the enzymatic activity after the immobilization. Hence, preventing the enzyme’s 

denaturation and leaching is a critical factor for the success of the immobilization processes.  

1. Introduction 
Immobilization of oxidoreductases or redox enzymes (EC1) on conductive fibres and textiles is a method 

that can be used to produce small size flexible equipment for various applications replacing expensive, 

rigid, and big size materials. It can be used to fabricate electrodes for biosensors and biofuel cells used in 

many fields like medicine, environment, and energy production. These enzymes have been immobilized 

using different techniques like, covalent bonding, cross linking, adsorption, and mechanical compression 

for confinement into conductive support (1–4). A variety of conductive materials have been used to 

fabricate these electrodes (anode or cathode) like, multi-wall carbon nanotubes (MWCNT) and poly (3, 4-

ethylenedioxythiophene (PEDOT) combination, platinum black, gold coated porous silicon with 

nanotubes, carbon fibers, graphite and gold (1,2,5–8). 
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This study focuses on the bio-functionalizing of textile based on a conductive nonwoven carbon felt by 

immobilizing glucose oxidase redox enzyme to produce electrodes which may be used for different 

applications such as biofuel cells and biosensors. 

 
2. Materials and methods 
The materials used were as follows: carbon felt from CeraMaterials. The conductive polymer poly (3, 4-

ethylenedioxythiophene) polystyrene sulfonate (PEDOT:PSS) obtained from HERAEUS. Glucose oxidase 
G 7141 EC (1.1.3.4) and D-glucose were obtained from Sigma-Aldrich. The glucose oxidase activity kit 
was purchased from Megazyme.  
 
3. Enzyme immobilization 
Commercial carbon felt (5*5 cm2)(non-treated or PEDOT:PSS dip-coated) was placed in enzyme solution 
1mg.ml-1 concentration (138.4 U.ml-1) at pH 5.5 and temperature of 4°C for 24 hours, then washed twice 

with a buffer solution, and stored at 4°C until use. 
The obtained bio-functionalized felts can be used as electrodes because of the enzyme’s ability of 

catalyzing oxidation reaction of D-glucose, which releases electrons as shown in equation (1). 

                                                                   
C6H12O6 + H2O + O2                C6H12O7   + 2e- + 2 H+ + O2            (1) 

 
4. Results and discussion 
The results ‘Figure 1’ show that at pH 7 and 25°C, electrodes obtained from physical adsorption on the 
carbon felt coated with PEDOT:PSS gave better enzymatic activity than the non-treated carbon felt for the 
first cycle of enzymatic activity essay using glucose oxidase activity kit. Furthermore, the samples with 
PEDOT: PSS coating maintained better activity when performing a second cycle using the same kit and 
same conditions. This refers to good affinity of PEDOT:PSS with the enzymes due to its composition of a 
mixture of cation/anion ionomers 
 

 
Figure 1. Enzymatic activity for glucose oxidase at pH 7 and 25 °C for non-treated carbon felt and 
PEDOT: PSS coated carbon felt samples.
  

Electrical behavior of the obtained electrodes showed to depend on glucose concentration and the scan 

rates used during the cyclic voltammetry tests. Regarding the substrate used, when the glucose 
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concentration increases, more substrate will have direct access to the active sites of the immobilized 

enzymes, and consequently higher electrical currents are obtained. However, when all the active sites of 

the immobilized enzymes are occupied for a certain moment, the increased substrate concentration does 

not result in any augmentation of the obtained electrical current. Furthermore, the current obtained showed 

to be dependent on the scan rate used in the cyclic voltammetry. Indeed, at slow scan rates, the flux 

towards the electrode is small compared to the faster rates because of the diffusion layer, which results 

according to Randles-Sevcik in smaller currents recorded.  

5. Conclusion 
Immobilization of the enzyme glucose oxidase on conductive carbon felt was achieved using two 
methods. Immobilization by adsorption on the carbon felt coated with PEDOT:PSS yielded a better 
enzymatic activity and reusability. These obtained electrodes aim to be used in sustainable applications 
related to energy and pollution control. 
 
Acknowledgments 
This project is financially supported by Sustainable Management and Design for Textiles (SMDTex) 
Erasmus Mundus joint Doctorate Program (n°2015-1594/001-001-EMJD).  

References 
[1]  Ramanavicius A, Kausaite A and Ramanaviciene A 2008 Enzymatic biofuel cell based on anode 

and cathode powered by ethanol Biosens Bioelectron 24 761–6  

[2]  Togo M, Takamura A, Asai T, Kaji H and Nishizawa M 2007 An enzyme-based microfluidic 

biofuel cell using vitamin K3-mediated glucose oxidation Electrochim Acta. 52 4669–74  

[3]  Willner I, Arad G and Katz E 1998 A biofuel cell based on pyrroloquinoline quinone and 

microperoxidase-11 monolayer-functionalized electrodes Bioelectrochemistry Bioenerg. 44 209–

14  

[4]  Zebda A, Cosnier S, Alcaraz J-P, Holzinger M, Le Goff  A, Gondran C, Boucher F, Giroud F, 

Gorgy K and Lamraoui H 2013 Single glucose biofuel cells implanted in rats power electronic 

devices Sci Rep  3 1516  

[5]  Kwon CH, Lee S-H, Choi Y-B, Lee JA, Kim SH, Kim H-H, Spinks GM, Wallace GG, Lima MD 

and Kozlo ME 2014 High-power biofuel cell textiles from woven biscrolled carbon nanotube 

yarns Nat Commun 5 3928  

[6]  Jia W, Wang X, Imani S, Bandodkar AJ, Ramirez J, Mercier PP and Wang J 2014 Wearable textile 

biofuel cells for powering electronics Eneregy Environ Sci. 2 43 18184–9  

[7]  Wang SC, Yang F, Silva M, Zarow A, Wang Y and Iqbal Z. 2009 Membrane-less and mediator-free 

enzymatic biofuel cell using carbon nanotube/porous silicon electrodes Electrochem commun. 11 

1 34-7 
 [8]  Mano N, Mao F and Heller A 2004 A miniature membrane-less biofuel cell operating at +0.60 V 

under physiological conditions ChemBioChem. 5 1703–5  

  

  
 


