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ABSTRACT

Evolution has found countless ways to transport material across cells and cellular compartments
separated by membranes. Protein assemblies are the cornerstone for the formation of channels
and pores that enable this regulated passage of molecules in and out of cells, contributing to
maintaining most of the fundamental processes that sustain living organisms. As in several other
occasions, we have borrowed from the natural properties of these biological systems to push
technology forward and have been able to hijack these nano-scale proteinaceous pores to learn
about the physical and chemical features of molecules passing through them [1].

Using integrative structural biology, i.e. combining molecular modeling and simulations
along with biochemical and cryo-EM analysis, we have revealed the structure and
assembly mechanism of one of the most studied bacterial pore-forming toxins [2], namely
aerolysin from A. hydrophila [3,4], recently obtaining its highest resolution structure at 2 A
by cryo-EM in nanodiscs (unpublished). Leveraging this structural and functional
understanding, we have been able to characterize its properties as a molecular sensing
device that can accurately discriminate nucleic acids and peptides [5], as well as detect
post-translational modifications associated with validated biomarkers of
neurodegenerative diseases (e.g. [I-synuclein phosphorylation in Parkinson’s disease)[6].
Moreover, we have explored the ability of aerolysin pores to decode the information
stored in hybrid polymers with the aim of finding new, alternative solutions for the
emerging problem of data storage [7]. We are further leveraging and engineering the
exquisite sensitivity of aerolysin pores as well other biological pores from the same
superfamily to develop the next generation of sensor devices for single-molecule
proteomics and analytical chemistry.
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