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Thermodynamics of Bilayer Phase Transitions of Phospholipids
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Phospholipid bilayer membranes undergo various phase transitions depending on environmental
factors such as temperature, pressure, salt concentration and so on. Although the differential
scanning calorimetry (DSC) is especially effective in detecting the bilayer phase transitions,
combination of the thermal information with results obtained from pressure measurements enables
us to deepen a thermodynamic understanding of the bilayer transitions. Phase transitions of bilayer
membranes formed by phospholipids, which are frequently used in studies of biological membranes,
were explained and phase transition measurements under high pressure were introduced. Next
the bilayer phase transitions for phosphatidylethanolamine homologues with different kinds of
hydrophobic chains (degree of unsaturation in acyl chains) and different-sized polar head
groups were taken up and the bilayer phase transitions were thermodynamically characterized
in terms of pressure dependence of phase-transition temperatures, temperature-pressure phase
diagrams and thermodynamic quantity changes associated with phase transitions.
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Fig.1 (a) Structural formula of glycerophospholipids.

(b) Molecular structures of DPPC and DOPE.
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Fig.2 Schematic representation for the structures of
phospholipid bilayer membranes: (a) DPPC, (b)
DPPE.
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Fig.4 Temperature-pressure phase diagrams of N-methylated DPPE bilayer membranes: (a) DPPC, (b) DPMePE,
(c) DPMePE, (d) DPPE. Bilayer phases are assigned as lamellar crystal (L), lamellar gel (Lg or Lg'), ripple
gel (Pg') and liquid crystal (Lo). Bilayer phase in parentheses refers to the metastable phase.
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Table 1 Thermodynamic properties for the phase transitions of N-methylated DPPE bilayer membranes.

Lipid Transition T7/K T/TC (dT/dp) / KMPa-! AH/kJImol-! AS/JK-'mol-! AV/cm3mol-!
DPPC L/Lg' 293.6 20.4 0.180 22.5 77 13.9
Lg'/Pg' 309.0 35.8 0.130 5.4 17 2.2
Pg'/Lo 314.8 41.6 0.220 36.4 116 25.2
DPMe-PE Lc/Lg 302.6 29.4 0.170 24.5 81 13.8
Lp/Lo 322.4 49.2 0.230 36.8 114 26.2
DPMePE Lc/Lg 308.7 35.5 0.160 25.4 82 13.1
Lp/La 331.2 58.0 0.246 35.6 107 26.4
DPPE Lc/La 337.5 64.3 0.230 74.3 220 50.6
Lp/Le 336.3 63.1 0.264 34.7 103 27.2
Lc/Lg - - 0.160 - - -
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(2) DOMe:PE, (3) DOMePE, (4) DOPE.
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Fig.6 Temperature-pressure phase diagrams of N-
methylated DOPE bilayer membranes: (1) DOPC,
(2) DOMe;PE, (3) DOMePE, (4) DOPE. Closed
symbols correspond to the results obtained from
DSC measurements.
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Fig.7 Temperature-pressure phase diagrams of DOPE
bilayer membrane. Closed and open symbols
indicate the results in aqueous 50 % etyleneglycol
solution and in water, respectively. Bilayer phases
are assigned as lamellar crystal (L.), lamellar
gel (Lp) and liquid crystal (Lo). Bilayer phase

in parentheses refers to the metastable phase.
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Table 2 Thermodynamic properties for the phase transitions of N-methylated DOPE bilayer membranes.

Lipid Transition T7/K T/TC (dT/dp) / KMPa-! AH/kJImol-! AS/JK-'mol-! AV/cm3mol-!
DOPC L/La 256.0 —17.2 0.131 29.4 115 15.1
Lo/La® 261.1 —12.1 0.147 52.9 203 29.8
Lp/Le 232.9 —40.3 0.233 - - -
DOMe,PE Le/Lo 260.9 —12.3 0.138 31.6 121 16.7
DOMePE Le/Lo 265.7 —7.2 0.127 29.8 112 14.2
DOPE L¢/Lo 267.7 =55 0.145 28.0 105 15.2

a) The values obtained in aqueous 50 % ethylene glycol solution.
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