
SINGLE ENZYME BIOFUEL CELL POWERED BY GLUCOSE 
Algimantas Kaminskas1*, Asta Kausaite-Minkstimiene1 

 
1 NanoTechnas−Center of Nanotechnology and Materials Science, Faculty of Chemistry and Geosciences, Vilnius 

University, Lithuania 

algimantas.kaminskas@chgf.stud.vu.lt 

 

Due to abundance in nature, availability in all organic tissues, low volatility, nontoxicity, inexpensiveness and 

relatively high energy density, glucose has been widely studied and considered to be an ideal renewable fuel source for 

biofuel cells (BFCs) [1]. For glucose oxidation, redox enzymes are most commonly used. High enzyme selectivity to 

analyte provides the possibility to construct particularly small membrane-less BFCs, which in the future may be adapted 

in the field of implantable medical devices [2]. However, despite all the advantages and scientific progress, glucose-

powered BFCs (GBFCs) are still not efficient enough to be long-lived and applied practically. To increase efficiency, 

BFCs that used enzymatic reactions on both electrodes have also been researched and published over the past decade 

[3,4]. 

During this work, BFC powered by glucose, with both anode and cathode electrodes modified with the same 

enzyme was constructed and it operation was investigated. The anode was made of gold nanoparticles (AuNPs), 1,10- 

phenanthroline-5,6-dione (PD) and pyrrole-2-carboxylic acid (PCA) and glucose oxidase (GOx). Polymerization of PD 

and PCA polymeric layers with encapsulated AuNPs was performed by cyclic voltammetry (CV). Formed polymers 

improved electron transfer and provided a stable matrix for enzyme immobilization while AuNDs increased electron 

transfer efficiency. GOx was immobilized by a strong covalent bond and catalysed a reaction between glucose and 

dissolved oxygen, producing an electrical current. 

The cathode was constructed of Prussian blue (PB) nanoparticles encapsulated in poly(pyrrole-2-carboxylic acid) 

(PPCA) layer also by CV. To improve cathode durability and increase the amount of immobilized enzyme, second PPCA 

layer was formed on the top of the first layer. Finally, the GOx was covalently linked to the carboxyl groups of the second 

PPCA layer. PB could reduce H2O2, which was produced during the enzymatic glucose oxidation reaction. 

The single enzyme GBFC was constructed using the anode and cathode described above. Both the anode and 

cathode surface morphology and electrical properties were investigated as well as electrochemical performance of 

constructed GBFC. Obtained data indicates that this GBFC can generate electricity using glucose as the main fuel source. 
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