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The dynamic nature of living organisms strongly relies on the transduction of mechanical 
forces into chemical signals, which is based on the conformational changes in proteins or 
macromolecular architectures to sense weak forces. In contrast, most synthetic mechanically 
responsive materials are based on the force-induced covalent bonds transformation, which 
requires high energy input. This limits its ability to sensitively yet reliably detect forces, 
especially forces inducing reversible deformations. 

Here we develop a new class of modular DNA force sensors which can detect weak forces 
on hydrogels analytically and control programmable DNA circuits. The DNA force sensors 
detect reversible hydrogel deformations at low enough concentration that does not affect the 
hydrogel’s mechanical moduli. During reversible deformations of a hydrogel, the hydrogel 
network could transfer force to DNA force sensors to dehybridize them, exposing a cryptic 
domain and thus reacting with different DNA complexes, i.e., cofactors to induce different 
downstream responses. With a DNA fluorophore-quencher reporter complex as cofactor, the 
DNA force sensor activation is detectable via fluorescence. Their output levels are precise 
and repeatable when either homogeneous or local forces are applied. With a partial 
transcriptional template as cofactor, the downstream DNA circuits amplify the activation of a 
single force sensor and broadcast information about its activation in the form of diffusing 
RNA signals. We anticipate that our DNA force sensor can help develop the areas ranging 
from the study of complex biomechanical processes such as cell/matrix interactions, to smart 
materials that responds to mechanical stimuli across space and time.  

 

Fig. 1. (a) DNA duplexes were integrated in hydrogels as force sensor, which is ruptured when the 
hydrogel is deformed. The exposed single-stranded domain in an active force sensor can react with 
different cofactors and produce different responses. (b) With a DNA fluorophore-quencher reporter 
complex as cofactor, the force sensor activation can be measured via fluorescence microscopy. (c) 
With a partial transcriptional template as cofactor, the force sensing can be transduced into RNA 
signals.  

 


