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1. Introduction 

 

 Enzymatic biofuel cells (EBFCs) are devices for converting the biochemical energy in sugars, 

alcohols, and organic acids, to electrical energy under ambient temperature and atmospheric pressure 

using enzymes as electrocatalysts. The cell is composed of a fuel-oxidizing enzyme-modified anode 

and an O2-reducing enzyme-modified cathode. The simple structure would allow for the 

straightforward miniaturization of the EBFC. EBFCs have received considerable attention as 

potentially ubiquitous devices to meet energy demands because of their efficient and eco-friendly 

properties. The two most promising fields of application for EBFCs are in vivo implantable biomedical 

applications and ex vivo power supplies for small electronic communication devices. Recently, EBFCs 

have approached a power density of 1 – 10 mW cm
-2

; however, EBFCs are an early stage technology 

with many fundamental scientific and engineering issues to overcome, but they are a promising 

technology for sustainable green energy applications in the future. In this presentation, I would like to 

focus on a strategy for high power EBFCs for ex vivo applications using a nano structured carbon 

material. 

 

2. Bioanodes 
 

 Direct electron transfer (DET) reactions between redox enzymes and electrodes have received 

considerable attention not only for fundamental interest but also for construction of more practical, 

simplified and downscaled EBFCs. One promising approaches to achieve and develop DET reactions 

is the use of nano-structured materials, which is expected to improve the heterogeneous electron 

transfer kinetics on enzyme-modified electrodes, increase the concentration of electroactive enzyme, 

extend the life-time of enzyme modified electrode. Our recent studies describe an assemble of carbon 

nano-particles and a monolithic mesoporous carbon might be effective to adsorb enzymes and to 

achieve an effective electrochemical communication with the enzymes in the absence of mediator. 

Fructose dehydrogenase (FDH) adsorbed on a mesoporous carbon electrode exhibited high catalytic 

currents for fructose oxidation based on DET reaction [1,2]. Interestingly, the catalytic current 

depended on the pore size [3]. The catalytic current density was quite low in the case that the 

mesopore size was small compared with FDH. On the other hand, higher catalytic current density was 

observed on a porous carbon with the wider pore size. It is assumed that caged enzymes embedded in 

the carbon mesopore are reliable to communicate with the electrode directly. These findings are very 

useful in developing EBFCs and biosensors, and this strategy would easily be extended to others redox 

enzymes. 

 Nanostructured carbon electrode also improves the mediated electron transfer (MET) reaction. The 

use of redox polymer to immobilize enzymes on electrodes, pioneered by Heller [4], represents a 

major advance. The enzyme is embedded in a soft polymer matrix that allows for the diffusion of their 

substrate. The pendant osmium complexes incorporated on the polymer backbone allow for the 

collection of the electrons produced by the enzymatic reaction and their transport towards the 

electrode. These two abilities permit to obtain higher catalytic currents than for DET type electrodes. 

The porous carbon modified electrode was further coated with a biocatalytic hydrogel composed of a 

conductive redox polymer, glucose oxidase, and a crosslinker to create a glucose bioanode. The 



 

 

current density on oxidation of glucose is more than ten mA cm
−2

. For the same polymer composition 

and loading, the current density on the nano carbon electrode is much higher than that on a flat carbon 

electrode. 

 

3. Biocathodes 
 

 Mesoporous carbon electrode modified with multi-copper oxidases, such as laccases and bilirubin 

oxidases exhibited high catalytic activity for 4-electron oxygen reduction limited by the mass transfer 

of oxygen [5]. We have developed gas-diffusion-type biocathodes, in which an enzymatic cathode 

uses gas-phase O2 [6]. In general, gas-diffusion-type biocathodes consist of a hydrophobic 

gas-diffusion layer and a hydrophilic catalytic layer. The liquid electrolyte offers an environment 

(moderate temperature and pH) for the biocatalyst reaction to occur and serves as an ion transport 

medium from the anode to the cathode. To improve the mass transport of O2 in the gas phase, it is 

important to prevent the electrode surface from flooding the electrolyte solution. The current density 

of a gas-diffusion-type O2-reduction cathode is enhanced by adjusting the hydrophobicity of the 

porous-carbon electrodes with a hydrophobic polytetrafluoroethylene binder. The steady-state catalytic 

current density was found to be as large as 20 mA cm
-2

. 
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