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How does macroscale stress translate into molecular forces in soft hydrogels?
This question is of prime interest for the design of advanced water-based
materials with tunable elasticity, stress at break, toughness, and dynamics. It is
also key to improving the design of mechanosensitive materials for early damage
detection or for cell-matrix force measurements.
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We address this question using mechanofluorescent DNA hydrogels that convert
mechanical stimuli into fluorescence signals (see figure). In our previous work,
we only demonstrated a strain-controlled fluorescence response [1]. We have
recently developed a transparent shear cell coupled with a fluorescence imager
for stress-controlled mechano-fluorescence measurements. With this new setup,
we can rationalize the link between fluorescence response, macroscale behavior,
and molecular mechanics. In particular, we show how the increase in
fluorescence is linked to the flexibility of the network and to its stress-stiffening
properties. Using a new design that reports the forces applied to specific strands
within the network, we further show how to tune the sensitivity of the
fluorescence response independently of the gel elasticity.
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