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            Abstract
Asymmetric lipid giant vesicles have been used to model the biochemical reactions in cell membranes. However, methods for producing asymmetric giant vesicles lead to the inclusion of an organic solvent layer that affects the mechanical and physical characteristics of the membrane. Here we describe the formation of asymmetric giant vesicles that include little organic solvent, and use them to investigate the dynamic responses of lipid molecules in the vesicle membrane. We formed the giant vesicles via the inhomogeneous break-up of a lipid microtube generated by applying a jet flow to an asymmetric planar lipid bilayer. The asymmetric giant vesicles showed a lipid flip-flop behaviour in the membrane, superficially similar to the lipid flip-flop activity observed in apoptotic cells. In vitro synthesis of membrane proteins into the asymmetric giant vesicles revealed that the lipid asymmetry in bilayer membranes improves the reconstitution ratio of membrane proteins. Our asymmetric giant vesicles will be useful in elucidating lipidâ€“lipid and lipidâ€“membrane protein interactions involved in the regulation of cellular functions.
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                    Figure 1: Schematic representation of asymmetric GV formation from a planar lipid bilayer using pulsed microfluidic jet flow.[image: ]


Figure 2: Formation of GVs via inhomogeneous break-up of a lipid microtube by a jet flow.[image: ]


Figure 3: Characterization of GV membranes.[image: ]


Figure 4: Formation and flip-flop measurement of DOPS asymmetric GVs.[image: ]


Figure 5: Membrane dynamics of asymmetric GVs with the outer leaflet composed of pure DOPC and the inner leaflet composed of DOPS/DOPE/DOPC in the presence of cinnamycin.[image: ]


Figure 6: Reconstituted amount and function of membrane proteins into asymmetric GVs.[image: ]
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