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Self-organization in living cells is often driven by energy-
consuming motor proteins that push and pull on a network of
cytoskeletal filaments. However, it is unclear how to connect
the emergent structure and dynamics of reconstituted
cytoskeletal materials to the kinetics and mechanics of their
microscopic building blocks. We systematically correlate bulk
structure with asymmetry of the motor distribution along
single filaments to explain the transition from extensile
bundles to contractile asters in active networks of
microtubules crosslinked by motor proteins. We combine
experiments and theory to identify a single parameter that
predicts how the system will self-organize. This work shows
that biochemical and mechanical interactions compete to set
the emergent structure of active biomimetic gels. The Center
will exploit these results to build autonomous soft materials
with lifelike attributes
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Nematic alignment competes with polar sorting to control the self-assembly into extensile
bundles or contractile asters. Experiments on the left, computer simulations on the right.
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