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Physical and mathematical approaches to the deformation of vesicles---from
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A vesicle is a Iiﬁid bilayer forming a spherical or toroidal shell. Its
shape is determined as a closed surface which minimizes the sum of the bending energy and
area-difference elastic energy, among surfaces having the prescribed surface area and enclosing
volume. We found that the Euler-Lagrange equation is an integro-differential equation, which makes
mathematical analysis of this model quite difficult. The rigorous analysis of the shape equation for
axially symmetric surfaces remains open due to this difficulty. In addition, we considered
reaction-diffusion equations with variable coefficients arising from models of two-phase vesicles as
well as mechano-chemical models of biological pattern formation. We proved the existence and
stability of steady-state solutions for some of such equations; however, we could not study the
interaction between the (visco-)elastic deformation of membrane and the chemical patterning within
the research period.
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