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Non-equilibrium mechanics of cellular symmetry and migratory principle by active
gel physics
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Cells are complex molecular systems that can move and deform spontaneously,
converting chemical energy into mechanical action. To do this, intracellular symmetry plays a key
role in determining the axes of cell motility and division. In this study, we developed an
artificial cell model that encapsulates a cell extract system containing the cytoskeletal protein
actin and myosin molecular motor in cell-sized microdroplets to elucidate how intracellular symmetry

is determined and how spontaneous cell migration and deformation arise.
We found an artificial cell that moves and deforms autonomously under mechanical constraints, just
like a living cell. The periodic actin waves generated in the artificial cells can drive this
migration, and the active gel theory developed in this study can explain the onset of such actin
wave formation in a cell-sized space. This finding paves the way for understanding the mechanics of
cell migration underlying dynamic intracellular symmetry.
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