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In vitro tissue and disease models require hydrogel matrices with precisely tunable mechanical 
properties. However, existing systems lack independent control over viscoelasticity or rely on 
chemical modifications that alter composition. Here, we introduce DyNAtrix [1, 2], a fully 
synthetic DNA-crosslinked hydrogel with programmable mechanical behavior [3]. By leveraging 
combinatorial DNA crosslinker libraries, DyNAtrix enables independent tuning of stiffness and 
stress-relaxation over physiologically relevant ranges. The platform supports the culture of 
diverse cell types, including human mesenchymal stromal cells, induced pluripotent stem cells, 
and epithelial organoids. Systematic variation of mechanical parameters reveals that MDCK 
cyst polarity is governed by matrix viscoelasticity, and two distinct timescales of mechano-
sensitive processes controlling polarity are uncovered. Furthermore, a switchable DNA 
crosslinker enables reversible, in situ modulation of stress relaxation via external signaling 
strands, inducing dynamic and reversible polarity transitions. DyNAtrix establishes a versatile 
platform for engineering cell-instructive microenvironments and advancing studies in 
mechanobiology and tissue engineering. 
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