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Lipid bilayer membranes are the fundamental structure of biological membranes and are responsive to
environmental changes such as temperature, pressure and concentrations of other components. Changes in the
environment give rise to structural changes in the lipid bilayer membranes called phase transitions. In particular, the
effect of membrane-active substances (i.e, ligands) on the phase transitions of lipid bilayer membranes varies
significantly depending on the kinds of ligands. This is closely related to the affinities of ligands to the various phases
of the bilayer membranes. In this review, the effect of representative ligands, long-chain fatty acids and inhalation
anesthetics, on the lipid bilayer membrane under atmospheric and high pressure is described and the differences in
ligand affinity to the bilayer membrane are explained thermodynamically.
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Fig.1 Molecular structures of phospholipid and ligands.
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Fig.2 (Left) DSC thermograms of DPPC bilayer membranes at various ligand concentrations. (Middle) Phase diagrams of
temperature and ligand concentration for DPPC-ligand systems. C denotes the complex of one DPPC and two fatty-acid molecules.
Insets indicate schematic illustration for regular distribution of fatty acid molecules in binary bilayer membranes based on hexagonal
lattice model. (Right) Enthalpies of phase transitions of DPPC bilayer membranes as a function of ligand concentration.
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Fig.3 Chemical potential curves of DPPC-ligand system in

the absence (bold line) and presence (colored line) of a ligand.
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Table 1 Differential partition coefficients of fatty acids and
inhalation anesthetics into DPPC bilayer membrane at 0.1 MPa.

Ligand AK, AK,, AK, + AK,
Lauric acid —8000 —8100 -16100
Myristic acid -16100 —19600 —35700
Palmitic acid —23500 -36000 —59500
Stearic acid —16800 —27900 —44700
Palmitoleic acid —7300 19600 12300
Oleic acid -10100 18600 8500
Isoflurane 1040 1270 2310
Halothane® 820 2560 3380

* Kaneshina, et al.'®
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Fig.4 (Left) Temperature-ligand concentration phase diagrams of DPPC-ligand binary bilayer membranes under atmospheric and
high pressure. (Middle) Effect of pressure on the differential partition coefficients of a ligand between the aqueous solution and the
DPPC bilayer membrane. (Right) Temperature-pressure phase diagrams of DPPC-ligand binary bilayer membranes in the absence

and presence of a ligand.
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