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Phospholipid bilayer membranes undergo structural changes called phase transitions in response to various
external environmental factors. They exhibit markedly complicated phase behavior due to the nonhomogeneous
structures. We have investigated the bilayer phase transitions of various phospholipids with different molecular structures
to elucidate the environmental adaptation of biological membranes. The constructed thermodynamic phase diagrams of
the phospholipid bilayer membranes have revealed the correlation between the lipid molecular structures and the
thermotropic and barotropic bilayer phase behavior. In this review, several types of bilayer phase behavior of
representative glycerophospholipids contained in biological membranes, saturated diacyl-posphatidylcholines (PCs), -
phosphatidylethanolamines (PEs) and -phosphatidylglycerols (PGs), are explained, and subsequently our lipid membrane
studies based on the bilayer phase diagrams, formation of nonbilayer phases (chain interdigitation for saturated diacyl-
PCs and inverted hexagonal transformation for unsaturated diacyl-PEs) and fluorescence imaging of bilayer packing for
saturated diacyl-PCs, are introduced.

Keywords: calorimetry, fluorescence imaging, high pressure, phospholipid bilayer membrane, phase diagram, phase
transition.
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Fig.1 (a) Molecular structure of glycerophospholipids. (b) 3-D
pictures of saturated phospholipids with two palmitic acids in the
gel phase: from the top, DPPE, DPPC and DPPG.
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Fig.2 DSC thermograms, enthalpy diagrams and 7-p phase diagrams of saturated phospholipid bilayer membranes: (a) and (b)
DMPE, (c) and (d) DPPE, (e) and (f) DMPC, (g) and (h) DPPC, (i) and (j) DMPG, (k) and (1) DPPG. The results of the PG bilayer
membranes were obtained in 1.0 mol kg™ aqueous NaCl solutions. Phase transitions: ([J) Lc/Le transition and subtransition, (A)
pretransition and transitions between gel phases, (@) main transition. Solid and dotted lines in the 7-p phase diagrams indicate
transitions between stable phases and those between metastable phases, respectively. Metastable phases are shown in parentheses. Solid
and broken lines in figures (j) and (1) correspond to transitions for the rod-like and spherical aggregates, respectively.
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Fig.3 (a), (b) and (c) Superposed temperature-pressure phase diagrams of CnPC bilayer membranes: (1) C14PC, (2) C15PC, (3)
CI16PC, (4) C17PC, (5) C18PC, (6) C19PC, (7) C20PC, (8) C21PC, (9) C22PC. Phase transitions: (A) pretransition and transitions
between gel phases, (@) main transition. (d) Minimum interdigitation pressure of CnPC bilayer membranes as a function of acyl chain
length. The inset in figure (d) shows linear correlation between the ratio MIT/MIP and acyl chain length. Closed circles in figure (d)
indicate the limitation of chain lengths for the pressure-induced interdigitation.
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Fig.4 (a) DSC thermograms of unsaturated PE bilayer membranes: (1) DPOPE, (2) DOPE, (3) DEPE, (4) POPE. Here the part of an
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Fig.5 (a) T-p phase diagram of C17PC bilayer membrane: (O, A) LMV, (@, A) GMV. Dotted arrows indicate the process of
temperature elevation: (1) LMV, (2) GMV. (b) Fluorescence spectra of Prodan for LMV of C17PC bilayer membrane at 105.6 MPa as
a function of temperature. Here the spectrum is depicted every 1°C from 20.0°C to 84.5°C. (c) Second-derivative spectra of figure (b).

Wavelengths at the minimum, characteristic of each phase, are shown in figure (c).
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Fig.6 (a) 3-D imaging of C17PC bilayer membrane: (a) LMV at
105.6 MPa in the temperature range 20.0 — 84.5 °C, (b) GMV at
119.9 MPa in the temperature range 20.0 — 87.7 °C.
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