
Morphological variation of double-bilayer vesicles and toroidal vesicles

Morphologies of lipid vesicles are studied numerically by a dynamically-triangulated membrane
model with area-difference elasticity and experimentally by fast confocal laser microscopy. For
double-bilayer vesicles, the confinement by a outer vesicle was revealed to induce several novel
shapes of the inner vesicles, that had been never observed in unilamellar vesicles [1]. For toroidal
vesicles with genus 1 and 2, several non-axisymmetric shapes are found as thermal equilibrium
states [2]. Our simulations reproduce our experimental results of both double-bilayer vesicles and
toroidal vesicles.
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Vesicle confined in spherical vesicle [1]
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Genus-1 toroidal vesicles [2]
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We found various vesicle shaps: double
and quadruple stomatocytes, slit vesicle,
and vesicles of two or three compartments
with various shapes.
Mitochondrion consists of two bilayer

vesicles. Our study demonstrated that
tubular and discoidal invaginations of
mitochondrial crista can be formed by the
confinement without any proteins.
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We found various non-axsymmetric vesicle
shapes such as handled discocytes and
polygonal toroidal vesicles in thermal equilibrium
even in the region that Jul icher ’s study
considered axisymmetric shapes based on the
stability analysis of axisymmetric shapes.
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