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Extended abstract 

This study focuses on the comparison of three different methods of immobilizing 

redox enzymes on electrically conductive carbon yarns to be used as electrodes for 

different applications. Glucose oxidase and Laccase enzymes were immobilized 

separately on conductive carbon multifilament yarns to produce anode and cathode 

electrodes respectively. Three different enzyme immobilization methods were used: 

(1) Adsorption on clean carbon yarns, (2) Adsorption on carbon yarns coated with a 

conductive PEDOT PSS (Poly (3, 4-ethylenedioxythiophene) polystyrene sulfonate) 

polymer as a mediator and (3) Entrapment in PEDOT PSS coating on carbon yarns. 

The electrodes obtained by these methods have been tested later in biofuel 

electrical cell fuelled by D-Glucose (10%) and powered by electrical voltage of 1.5V. 

The maximum current value (20.5 μA) was obtained by using enzyme adsorption on 

carbon coated with PEDOT PSS. PEDOT PSS coating brought enhanced electrical 

conductivity to carbon yarns in aqueous solutions and had good affinity with the 

immobilized enzymes. Results showed that except for the entrapment method, the 

current value generated is proportional to the quantity of enzyme immobilized on 

both electrodes in the case of enzyme adsorption methods. Finally, the current 

values showed to depend also on the glucose concentration and the total surface 

area of electrode exposed to the fuel in all cases. 

 

Introduction 

Immobilization of redox enzymes on conductive fibres and textiles is a method that 

can be used to produce small size flexible equipment for various applications 

replacing the 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. 

 

Experimental 

The materials used were as follows: Desized multifilament Carbon yarns [1]. The 

polymer PEDOT PSS obtained from HERAEUS [2]. Glucose Oxidase [3], Laccase [4] 

and D-Glucose were obtained from Sigma-Aldrich. The process chosen to coat the 



 

 

carbon yarns with PEDOT PSS mediator is the “Dip coating” process, which produces 

uniform and controlled thickness of film coating as a function of speed of withdrawal. 

The speed used was 3.5 cm min-1. 

 

Enzyme immobilization 

1 – By adsorption: carbon yarn (clean and PEDOT PSS coated) was placed in enzyme 

solution (at pH=5.5 for Glucose Oxidase, pH=4.5 for Laccase) at 4 °C for 24 hours. The 

yarns with adsorbed enzymes were then rinsed in baths of distilled water, hanged 

and dried at 4 °C.  

2 – By entrapment: enzyme (Glucose Oxidase/Laccase) was dissolved in water 

(pH=5.5 for Glucose Oxidase, pH=4.5 for Laccase). This enzyme solution (5% enzyme) 

was mixed with pure PEDOT PSS.  Each carbon yarn was placed in the resulting 

solution for 5 mins, and then hanged to dry at 4 °C. 

 

Electrodes obtained from Glucose Oxidase immobilization were used as anodes 

because of the enzyme ability of catalysing oxidation reaction of D-Glucose, which 

releases electrons (Eq.1). Electrodes obtained from Laccase immobilization were 

used as cathodes because of laccase ability of catalysing reduction reaction of oxygen 

which accepts electrons (Eq.2). 
 

 
 

 

  

Figure 1. The three types of enzyme immobilisation 

methods used on conductive carbon yarns 

 

Figure 2. Electrical circuit 

 

D-Glucose → Gluconic acid + 2e- + 2 H+ + O2 

 

½ O2 + 2e- + 2 H+ → H2O 

 
          Equation 1.Oxidation reaction                           Equation2. Reduction reaction                                           

           catalyzed by Glucose Oxidase                                    catalyzes by Laccase 



 

 

Quantifying enzymes immobilized and Electrical Characterization 

Calibration curves were used for each enzyme to determine the quantity of enzyme 

fixed onto the carbon yarns using UV-Vis Scanning Spectrophotometers at 280 nm 

for Glucose Oxidase and 616 nm for Laccase. The electrodes obtained by these 

methods were tested using an electrical cell (Fig.2) fuelled by D-Glucose (10%) and 

powered by electrical voltage of 1.5V. using an electrical energy source KEITHLY: 617. 

 

Results and discussion 

The electrical data analysis of the electrodes obtained by the three methods  

From the results shown in (Fig.3), electrodes obtained by M2 method yield the 

highest electrical current (20.5 μA) in comparison with M3 (15 μA) and the M1 (7 

μA).This refers to the positive role that PEDOT PSS plays as mediator between the 

enzymes and the yarn by accelerating electron transfer process and thus leads to 

better conductivity of the electrodes. 

 

 
Figure3. Electrical current recorded for the three methods at 1.5V and D-Glucose 

(10%) 

 
Comparison of electrical results to the quantity of enzymes immobilized on 

electrodes 

The higher electrical current with method M2 can also be related to the higher 

amount of enzymes adsorbed on the carbon yarns coated with PEDOT PSS, 

compared to that adsorbed on the clean carbon yarns, which means the affinity of 

enzymes with the mixture of the cation/anion of the PEDOT/PSS is higher than that 

with cleaned carbon yarns. With the entrapment method (M3), though higher 

amounts of enzymes were immobilized, electrical current measured was not the 

highest. This can be explained by the diffusion time factor; that is the fuel need to 



 

 

diffuse within the swollen PEDOT/PSS coating to interact with the entrapped 

enzyme’s active site, which would decrease electron transfer rate. 

 

Conclusion 

Three different enzyme immobilization methods were successfully achieved. 

Immobilization by adsorption on the carbon coated with PEDOT/PSS yielded the 

highest electric current. Electric current values showed to depend also on the 

glucose concentration and the total surface area of electrode exposed to the fuel, 

and this part will be described in the full paper. 
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