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            Abstract
Encapsulation is a widespread biological process particularly in the formation of protective egg cases of oviparous animals. The egg capsule wall of the channelled whelk BusyconÂ canaliculum is an effective shock absorber with high reversible extensibility and a stiffness that changes significantly during extension. Here we show that post-stretch recovery in egg capsules is not driven by entropic forces as it is in rubber. Indeed, at fixed strain, force decreases linearly with increasing temperature, whereas in rubber elasticity the force increases. Instead, capsule wall recovery is associated with the internal energy arising from the facile and reversible structural Î±-helix [image: ]-sheet transition of egg capsule proteins during extension. This behaviour is extraordinary in the magnitude of energy dissipated and speed of recovery and is reminiscent of strain-induced crystallization in some polymeric fibres and of superelastic deformations associated with diffusionless phase transitions in shape-memoryÂ alloys.
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                    Figure 1: Busycon canaliculum photographs and SEM micrographs.[image: ]


Figure 2: Thermomechanical properties of whelk egg capsule material.[image: ]


Figure 3: WAXS diffraction patterns at various strains and after full unloading.[image: ]


Figure 4: Tangent modulus versus strain at various temperatures.[image: ]


Figure 5: Schematic diagram of Î±-helix [image: ]-sheet transition during straining.[image: ]


Figure 6: Transition stress and strain at various temperatures.[image: ]
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