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Abstract

One of the most exciting developments in the field of electromicrobiology has been the discovery of
electrically conductive pili (e-pili) in Geobacter species that transport electrons with a metallic-like
mechanism. The e-pili are essential for extracellular electron transport to Fe(Ill) oxides and long-
range electron transport through the conductive biofilms that form on the anodes of microbial fuel
cells. The e-pili also facilitate direct interspecies electron transfer between Geobacter and
Methanosacta or Methanosarcina species. Metatranscriptomic studies have demonstrated that
Geobacter/Methanosaeta DIET is an important process in anaerobic digesters converting brewery
wastes to methane. Increasing e-pili expression through genetic modification of regulatory systems or
adaptive evolution yields strains with enhanced rates of extracellular electron transfer. Measurement
of the conductivity of individual e-pili has demonstrated that they have conductivities higher than
those of a number of synthetic conducting organic polymers. Multiple lines of evidence have
demonstrated that aromatic amino acids play an important role in the electron transport along e-pili,
suggesting opportunities to tune e-pili conductivity via genetic manipulation of the amino acid
composition of e-pili. It is expected that e-pili will be harnessed to improve microbe-electrode
processes such as microbial electrosynthesis and for the development of novel biosensors. Also, e-pili
show promise as a sustainable ‘green’ replacement for electronic materials that contain toxic
components and/or are produced with harsh chemicals.
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