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Bioelectronics is a fast-growing field of research aimed at controlling the interface between
biological systems and electronic devices, which requires the conversion of biological signals
into electrical signals usable by conventional electronic devices. Here we demonstrate the
potential of protein nanowires resulting from the self-assembly of the prion domain of a
filamentous fungus protein. These nanowires are in fact functional, non-pathological amyloid
fibres; they perform a biological function, namely recognition of the self and non-self of a
filamentous fungus. With a diameter of 5 nm and an average length of 12 um, these
nanowires, whose structure is known on an atomic scale, have a high aspect ratio (1). What's
more, hydrogels can be obtained in an easily controllable way (2,3). Like all amyloid fibres,
these nanowires have specific optical properties (4), as well as very good intrinsic
ionic/protonic conductivity (2). Finally, the addition of a redox protein domain (2) or a redox
chemical compound (3) on the prion domain gives them electronic conductivity. After self-
assembly of the prion domains, these redox domains are aligned along the nanowire axes,
enabling electronic conductivity by electron hopping.

Measurements of ionic and electronic conductivities will be described from the macroscopic
scale (film) to the nanoscopic scale (single nanowire). Applications that take advantage of the
various properties of these nanowires will be illustrated. For the first application, the ability to
form a hydrogel and the ionic conductivity of nanowires make it possible to produce a
biocompatible electrode coating for the primary culture of neurons over very long periods
and to detect neuronal electrical activity. For a second application, in the field of sensors,
electronically conductive nanowires, which can transport electrons over long distances, can
be used as redox mediators between enzymes and glassy carbon electrodes (2,3,5).

These results represent a first step towards innovative all-in-one materials for bioelectronics.
Overall, we have observed that our nanowires formed by the self-assembly of a functional,
non-pathological prion domain combine all the properties needed to bridge the gap between
the world of biology and that of technology, particularly electronics.
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