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Unbinding kinetics of multi-stacked phospholipid bilayers
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1 Introduction

Phospholipid giant vesicles, exceed 1 pm in size, are actively investigated as a model cell
system since the structure and the size are comparable to that of common cells. Giant vesicles
are usually formed under the natural swelling method [1], where multi-stacked phospholipid
bilayers on a solid substrate are calmly hydrated. Although this method has been well known,
the mechanism of the vesicle formation by
this method remains to be solved. Since each
phospholipid bilayer should peel off from the
stack on a substrate in this process, the hy-

dration process of dry phospholipid bilayers is
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thought to relate with the unbinding transi-
tion of multi-stacked membranes, which is the

phase transition between a bound state and a

dispersed state of stacked bilayers.
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Figure 1: Time-resolved SAXS profile for hydra- the hydration process of multi-stacked phos-
tion process of multi-stacked phospholipid bilay- pholipid bilayers by means of time resolved

ers. The Bragg peaks correspond to the regular l-anele X- tterine (TR-SAXS) with
stacking of bilayers. There are three stages (a), small-angle X-ray scattering (TR-SAXS) wi

(b) and (c). a special cell at BL40B2, SPring-8, JASRI,
Japan [2].
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2 Results and Discussion

From these experiments, it has been observed that the vesicle formation proceeds with three
stages (Fig.1). In the early stage, water molecules penetrate into the stack, and in the interme-
diate stage the multi-lamellar structure is swollen to reach a quasi-stable state. In the following
late stage, each bilayer gradually peels off from the stack to form giant vesicles (Fig.2). The
kinetics of the late stage (peeling-off stage) was analyzed with a model of the Kramers method.
The result indicates that the effectively large fluctuation of the outermost bilayer in the stack

induces the unbinding of bilayers to form giant vesicles.
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Figure 2: Hydration process of stacked bilayers. When the dry film (a) is hydrated, water
molecules penetrate into the stack (b). Next, the multi-lamellar structure is swollen and reaches
a quasi-stable state (c). Following, each bilayer gradually peels off from the stack to form a
giant vesicle (d).
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