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ABSTRACT

Numerous natural and engineered structures are shaped as thin curved shells. When subjected to
excessive compressive loading, these shells undergo buckling instabilities that result in wrinkling
patterns with complex dynamics. Epithelial tissues such as those enclosing embryos or lining
glandular organs are a class of thin shells that displays three distinctive mechanical features: they
are viscoelastic over the time scales of physiological loading, they carry an active surface tension,
and their stress-bearing elements are distributed across scales. The conditions under which these
material properties enable buckling, and the subsequent structural changes are not understood.
Here we establish the buckling dynamics of epithelial shells of controlled geometry over several
orders of magnitude in time and space. We developed an experimental system that allows us to
sculpt epithelial shells and subject them to controlled pressure differentials. We show that, under
rapid pressure reductions relative to a characteristic viscoelastic time of the system, the tissue
develops buckling patterns with different degrees of symmetry that depend on its size and shape. By
contrast, slow deflations allow the tissues to accommodate large strain variations without buckling.
Strikingly, we find that epithelial buckling is a multiscale phenomenon involving supracellular folds
but also subcellular wrinkles in the actin cortex. Our study shows that epithelial tissues can be
understood as hierarchical materials with mechanical instabilities that can be harnessed to engineer
morphogenetic events.
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