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Nanoscale electron shuttle facilitating the electron transport in
microbial fuel battery to enhance bioelectricity production

Electron-producing bacteria, similar to electric eels, can release electrons into
their environment. The transfer of metabolic electrons from the cell to the surroundings
requires the assistance of conductive proteins. These bacteria play a crucial role in
balancing environmental minerals. In recent years, related applications, such as
microbial fuel cells, have gradually emerged. This technology holds promise for future
use as a power source for long-wearing biological devices and nanorobots.

This study is inspired by riboflavin, a natural electron carrier secreted by
Shewanella oneidensis MR-1. Riboflavin facilitates the rapid transfer of accumulated
metabolic electrons in bacteria, transporting them via diffusion to environmental

minerals, enabling long-range electron transfer. In this study, we developed a nanoscale
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electron carrier consisting of mesoporous silica (SiO2) nanoparticles as the core, with

riboflavin loaded into the pores. The surface of the Si0; is grafted with thiol functional

groups. Following this, a molybdenum precursor and thiourea are added to the reaction,

and through a hydrothermal process, metallic molybdenum disulfide (MoS>)

nanosheets are formed. These conductive MoS» nanosheets are deposited on the surface

of the thiolated SiO» nanoparticles, creating a conductive shell. More importantly,

during the hydrothermal reaction, the nitrogen-rich riboflavin is carbonized into

nitrogen-doped carbon quantum dots (CQDs). Nitrogen atoms, which can accept lone

pairs of electrons, further capture additional electrons within the nanoparticles, thereby

increasing the electron-carrying capacity. When these nanoscale electron shuttles are

added to microbial fuel cells, they function
similarly to natural electron carriers.
Metabolic electrons on the bacterial
surface flow through the MoS, shell to
reach the CQDs inside the nanoparticle
(charging), and then the nanoparticle
diffuses to the electrode to release the
stored electrons (discharging). This
process introduces a new electron transport
pathway between bacteria and electrodes,
increasing bioelectricity production by 10-
fold. This research represents a significant
step forward in the feasibility of applying

microbial batteries to biological devices.

Application and Highlights:

he bioelectricity productio

1. Highly conductive CQDs-embedded SiO2@MoS: nanoparticle was successfully

fabricated.

2. The charged capability of N-doped CQDs enables an increase in electron delivery

density.

3. This nanoparticle was applied as the nanoscale electron shuttle in a microbial fuel

battery to achieve a 10-fold increase in bioelectricity production.

Research Team Members: Wei-Peng Li, Yi-Ho Kuo, and Wen-Jyun Wang

Representative Department: Drug Development and Value Creation Research



Center & Department of Medicinal and Applied Chemistry, Kaohsiung Medical

University,

Introduction of Research Team: The Innovative Nanomedicine Laboratory,
established in 2020, integrates nanotechnologies with microbial electrochemistry to
develop novel medical solutions for contemporary challenges. Our current focus
includes the development of advanced treatments for various diseases, personalized
biosensors, and microbial battery systems.
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