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ABSTRACT

In the past two decades, experiments have revealed that, contrary to earlier expectations, proteins can
exhibit high electrical conductance in the nanoSiemens range, with several interesting features. The
measured conductance shows only a weak dependence on protein size, remains finite at low temperatures,
even down to 4 K, and can vary with contact placement on the same protein, indicating the presence of
highly conducting regions. These observations cannot be explained within standard charge transport pictures
such as tunnelling or hopping.

Motivated by this, we introduced a theoretical approach that combines the density matrix of the Liouville
quantum master equation describing quantum transport in nanoscale systems, with a phenomenological
model of electronic conductance in molecular junctions. The resulting formulas allow the calculation of
conductance between any pair of atomic orbitals of a protein, the study of its temperature and distance
dependence, and the visualisation of highly conducting regions within the molecular structure.

We demonstrated the efficacy of this new approach on extracellular cytochrome nanowires, proteins known
to exhibit high conductance and to support long-range electron transport. We also analysed the temperature
and distance dependence of their conductance, showing that the behaviour is in agreement with what has
been observed for several other proteins.
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