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Mechanical interactions between biological cells and the surrounding
extracellular matrix (ECM) are critical for many biological processes. However,
visualizing these interactions in three-dimensional space and time remains a
fundamental challenge. Here, we introduce DNA-based force-history probes,
which convert transient pico-Newton forces into cumulative fluorescent signals
within a DNA-crosslinked cell culture matrix [1]. The probes provide tunable
control over signal lifetimes, allowing stress patterns to be recorded over
minutes to days with adjustable temporal memory [2]. We use this system to
record the mechanical activity of breast cancer spheroids and map the
trajectories of migrating cancer cells. By combining different fluorophores and
DNA-encoded signal lifetimes, we produce dual-color probes that can record
the chronology of mechanical events. Force-history probes are a new
biophysical tool that is readily accessible without specialized equipment. This
method opens new opportunities for studying the role of cell-matrix
interactions in development and disease.
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