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Strategic International Collaborative Research Program (SICORP)
Japan—France Joint Research Program
Executive Summary of Final Report

1. Project Title : [Molecular design of biocatalytic 3D nanocarbon architectures for
long-lasting glucose fuel cells |

2. Project Period : November, 2015 ~ March, 2019

3. Main Participants :

Japan-side
Name Title Affiliation Role
Pl Yuta Research | Okayama Total management
Nishina Professor | University
Co-PI Masato Professor | Saga Preparation of graphene-
Tominaga University carbon nanotube composite
Co-PI Seiya Associate | University | Evaluation of biofuel cells
Tsujimura | Professor | of Tsukuba | using various carbon
electrodes
Collaborator | Hideyuki Assistant | Okayama Design and synthesis of
Suzuki Professor | University mediators, synthesis and
structural analysis of
graphene oxide

Total number of participating researchers in the project: 4

France-side
Name Title Affiliation Role
Pl Michael Researcher | Université Total management
Holzinger Grenoble Alpes
Collaborator | Blanchard Postdoc Université Evaluation of
Pierre Yves Grenoble Alpes biofuel cells by
electrochemical
measurements
Collaborator | Gross Postdoc Université Evaluation of
Andrew Grenoble Alpes biofuel cells by
electrochemical
measurements

Total number of participating researchers in the project: 3

4 . Scope of the joint project

Since enzymatic glucose biofuel cells operate under neutral conditions without using
materials that adversely affect living organisms, they are expected to be applied to devices
that can be embedded and used in vivo, such as the power source of artificial organs.
Although it is desired to develop a biofuel cell that can supply energy over a long period of
time, it has not been developed to have stability and power generation capability that can
withstand practical use. In this research, we aim to develop practical biofuel cells that can be
permanently used in vivo in the future, and have developed enzymes that operate at neutral
conditions and glucose concentrations on the order of blood glucose levels (1 g/L).

5. Outcomes of the joint project
5 — 1 Intellectual Merit

In this research, we mainly focused on the anode of biofuel cells. Japanese researchers
extracted mediator molecules with appropriate redox potentials by theoretical calculations,



synthesized them, and evaluated their performance.

Next, electrodes for immobilizing enzymes and mediators were optimized. French
researchers have found that carbon nanotubes (CNTSs) are suitable as materials having high
electron transporting ability and high affinity for enzymes, and developed electrodes having
a three-dimensional structure. Furthermore, in order to create an electrode which can
smoothly diffuse fuel (glucose) and oxygen, we studied an electrode composed of
heterogeneous nanocarbons between two-dimensional carbon layers. Glucose oxidase and
mediator molecules were immobilized on the thus prepared electrode to be used as an
anode. Finally, we combined the anode and the cathode to actually build up the biofuel cell
device and performed the stability test.
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5 — 2 Synergy from the Collaboration

A Japanese researcher specializing in the synthesis of molecules and a French researcher
specializing in electrochemistry were fused together and were able to conduct research
towards a common keyword “biofuel cell’. As a result, Japanese researchers were able to
master the design and evaluation method of electrode materials. French researchers were
able to understand the guidelines for the structural design of mediator molecules and to
learn how to synthesize them. Through these 3.5 years of research, both researchers who
were in different fields are tied up with strong research collaboration, and both groups will
cooperate in the future to furnish improved biofuel cells.

In addition, we also conducted exchange for students and researchers, and also
contributed to cultivate young researches. In particular, Dr. Hideyuki Suzuki employed at the
Japanese side began to engage in the development project of glucose sensor at enterprises
based on knowledge of biofuel cell that we worked in this project. Dr. Andrew Gross
employed at the French side got a position as a CNRS researcher and continues to conduct
research on biofuel cells.

5 — 3 Potential Impacts on Society

Lithium batteries are always cited as a comparison of biofuel cells. The current lithium
battery has performance capable of being supplied for several years as long as it has a
power density of about several hundreds of mW cm-2, but it is forced to take out and charge
it when the discharge is completed. When used in vivo, surgery is necessary, which places a
heavy burden on patients. With biofuel cells, it is possible to use semipermanently only by
supplying glucose (ultimately by incorporating glucose in the blood). However, the
performance of the current biofuel cell is lower than that of the lithium ion battery, the power
density is about several mW cm-2, and the lifetime is about one month. If we can drastically
improve the lifetime of biofuel cells using mediator molecules and 3-dimensional electrode
materials developed in this research, we can approach practical application one step closer.
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