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The formation of self-organized structures with complex dynamics is pivotal in regulating biological
function from sub-cellular to ecological scales. Such self-organization emerges from interactions
between multiple active units that consume ambient free energy to generate motion. Despite
considerable progress, how symmetries and interactions on the scale of active units determine
structure and dynamics on macroscopic scales remains an open question. I will present our recent
results that address this question in living crystals of starfish embryos. We show that two distinct
mechanisms of chiral symmetry breaking, namely embryo spin and precession, give rise to two
distinct stable states: fluctuating and oscillatory. Furthermore, the oscillatory state can be selectively
excited from the fluctuating state by applying mechanical perturbations, potentially enabling work
generation from living materials. Finally, drawing upon my previous research on colloidal
self-assembly driven by motile bacteria, I will highlight the potential of active self-organization for
designing engineered living materials.
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