Building an Olympic gel from >16,000 DNA rings
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An Olympic gel comprises a three-dimensional network of molecules, but
instead of distinct crosslinks, the network is held together purely by
mechanically interlocked molecular rings. Polymer physicists have theorized
that such a material would exhibit highly unusual mechanical properties. Yet,
Olympic gels have remained a notoriously challenging target that has defied
traditional synthesis approaches. In this talk, I present a scalable and versatile
approach towards Olympic gels by employing concepts of DNA nanotechnology,
synthetic biology, and combinatorial supramolecular chemistry [1]. A key
innovation is the use of large combinatorial libraries of DNA plasmid rings that
contain thousands of chemically distinct molecules. The rings contain
enzymatically activated lock & key domains that allow reversible mechanical
interlocking. Their large constitutional diversity and exceptional binding
selectivity avoid non-specific cross-reactions. The Olympic gels exhibit swelling
and concentration-dependent scaling properties that are fundamentally
different from traditional molecular networks. Our approach provides access to
a new class of soft, biologically inspired materials that can have unusual
stretchability, toughness, and swelling behavior. This work demonstrates that
exotic material properties can emerge in systems with a high compositional
complexity that is more reminiscent of biological than synthetic matter.
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