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Programming DNA Matter Inspired by
Life and Interfacing with Life

DNA offers a powerful materials platform to program life-like behavior in synthetic matter and to
interface with living systems. In our work, we develop DNA-based artificial cells as
programmable, non-equilibrium compartments that go beyond passive encapsulation.
Sequence-encoded phase behavior and dense DNA condensation give rise to rich internal
physics, including non-Fickian transport, viscoelastic confinement, artificial cytoskeletons, and
nucleus-like domains. Coupling these compartments to DNA reaction networks and strand-
displacement circuits enables chemical sensing, information processing, adaptive responses,
communication, and collective protocellular behavior. In a complementary direction, we use
DNA nanotechnology to advance mechanobiology at living interfaces. Programmable aptamer
mechanoreceptors and nuclease-resistant L-DNA tension probes enable cell-specific, long-term
mapping of molecular forces with temporal control. By integrating DNA mechanics with
molecular circuits, these systems move beyond force readout toward conditional signal
processing at the biointerface. Together, these approaches position DNA as a unifying platform

to study mechanochemical feedback and adaptive behavior across synthetic and living matter.
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