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We proposed and examined a new mechanism of cariogenicity promoted by microbial extracellular
electron transfer based on the study of pure culture of oral bacteria. In addition, by the cooperation of
Prof. Tatsuji Nishihara group in Kyushu Dental University, we collected dental plaque samples and
optimized conditions for oral biofilm analysis to pursue the electrical interaction planned from next
year. Our achievements concerning the cariogenicity mechanism are unexpected contents which
were not planed in our project at the initial point, indicating that our research is steadily progressing
beyond the original expectation.

It has been an established mechanism of cariogenicity for many years that acidification of
biofilm causing dental caries is promoted by bacterial fermentation product of lactic acid. However,
in our study, we found for the first time that acidification of such biofilm progresses even when the
electric bacteria transfer electrons to the electrode at the bottom of biofilm. These results were
presented at the 58th Annual Meeting of Japan Association for oral biology and The 3rd Asia-Pacific
Conference of the International Society for Microbial Electrochemistry and Technology, and they
were selected as excellent poster awards and best presentation awards, respectively. This finding that
proposes the first disease mechanism due to the microbial extracellular electron transfer of bacteria,
and opened up new direction for the development of the dental of new medical materials using the
electrical properties.

Regarding to the development of analytical techniques for in vivo oral biofilms, conditions
for sample treatments were optimized, and our imaging analytical method was developed with the
pure culture of model electrogenic bacteria. Specifically, we developed the method for maintaining
the micro-scale structure of human dental plague and preserving it for a long period of time before
the observation treatment, and optimizing the processing conditions for producing ultrathin sections
of the biofilm. In particular, inoculation technique with maintaining the micro-scale structure of the
biofilm in the living state is succeeded for the first time, and an important milestone in our research
project. We also established a methodology to monitor the gene expression level while electric
metabolism occurs by using model electric bacteria, and have reported some of the data
(Electrochemistry, 2017 in press). In the presence of isotope-labeled nitrogen and carbon source, the
electron transfer rate of the electric bacteria was controlled, monitoring the uptake rate of the isotope
element at the single cell level. Given the bacterial activity changes markedly as the electron transfer
speed increases, it was confirmed that the electron transfer activity and the bacterial activity are
linked. Further investigations have been made to find a methodology to identify metabolic pathways
of bacteria by statistically processing single cell activity. Developed analytical techniques will be
carried out with pathogenic bacteria in the oral cavity, and will be further developed for tracking the
state of the bacteria in the in vivo biofilm.
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