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The boundary between living systems and synthetic materials is of great scientific and technological
relevance, however their interactions are poorly understood. This is in part due to the challenges
associated with the real-time characterization of biointerfaces in biologically relevant
environments. Our laboratory has developed a range of advanced fluorescence microscopy tools
to study the interaction between living bacteria and materials. In a first example, | will discuss the
real-time and single-cell response of E. coli to mechanical interactions with mechano-bactericidal
nanomaterials, i.e. low-dimensional nanoparticles in suspension or high-aspect-ratio
nanofabricated topographies that kill bacteria by purely physical interactions. Different microscopy
and fluorescent labelling strategies are used to probe the effect of different force ranges on bacterial
physiology. We find that a combination of lethal forces (>20 nN) and weak interactions (a few nN or
less) are relevant to explain mechanically-induced bacterial death pathways.! The second part of my
talk will focus on the use of Flipper-TR®, a fluorescent probe that reports on membrane tension
through variations in fluorescence lifetime.2 | will discuss the challenges and opportunities of the
use of this probe in fluorescence lifetime imaging experiments to study interfacial phenomena in
both Gram positive and negative bacteria. Overall, our results contribute to a quantitative
understanding of the complex interaction between bacteria and materials.



