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Cells are highly dynamic structures that are constantly pulling and pushing on one another
and on their surroundings. These pulls and pushes are mediated by molecular complexes that
experience forces at the scale of piconewtons (pN). For context, 7 pN applied a distance of 1
nm is ~1 kcal/mol and most biological forces are in the range of 1-50 pN. Despite the small
magnitudes of these forces, they can have profound biochemical consequences. For example,
the rapidly fluctuating forces between immune cells and their targets can drastically tune
immune response and function. Unfortunately, there are limited methods to study forces at the
molecular scale and particularly within the context of living cells. In this talk, I will discuss my
group’s efforts at addressing this gap in knowledge by developing fluorescence tools to map
the molecular forces applied by cells. The talk will focus on nucleic acid probes that respond
to specific magnitudes of molecular forces by undergoing conformational changes. These
conformational changes are then designed to trigger biochemical and catalytic reactions that
can enhance the sensitivity of the probe. One specific example is the hybridization chain
reaction which enhances the mechanical signal by multiple fold and allows one to readout cell
forces using a standard benchtop plate reader. The work represents an important step towards
democratizing the field of mechanobiology by creating probes that can be used without the
need for sophisticated instrumentation.
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