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Thermodynamic Consideration on Cholesterol-Induced
Lateral Phase Separation within Lipid Bilayer Membranes
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We have so far studied the effect of cholesterol on the bilayer phase behavior of a homologous series of
symmetric linear phosphatidylcholines (CrnPCs) with different chain lengths (n = 14-18) by means of high-sensitivity
differential scanning calorimetry and fluorescence spectroscopy using 6-propionyl-2-(N,N-dimethylamino)naphthalene
(Prodan) as a membrane probe. The temperature—cholesterol composition (X,) phase diagrams constructed for these
binary bilayers indicated several important characteristic of the phase behavior of them. First, the phase diagrams are
similar to those for the liquid/solid phase equilibria of general binary mixtures that exhibit incongruent melting
behavior, suggesting that cholesterol and CnPC molecules are essentially immiscible within the binary bilayer.
Second, a characteristic point like a peritectic point appears on the phase diagram, suggesting that cholesterol has a
propensity to form a molecular cluster with its surrounding CnPC molecules. The X -dependent phase behavior
indicated by the phase diagrams, especially cholesterol-induced lateral phase separation, was successfully explained by
introducing the so-called superlattice view. In addition, this view allowed us to consider the relationship between the
extent of the cholesterol effect and the hydrocarbon-chain length of the host CrPC molecules.
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Fig.1 Typical phase diagrams for various types of binary

mixtures of A and B: (a) eutectic ideal binary mixture, (b)
eutectic binary mixture where A and B are partially miscible in a
solid state, (c) binary mixture that exhibits congruent melting
behavior, (d) binary mixture that exhibits incongruent melting
behavior.
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Fig.2 (a) DSC thermograms of C16PC—cholesterol binary

bilayer at different cholesterol compositions (Xg): (1) Xep = 0,
(2) 0.07, (3) 0.14, (4) 0.20, (5) 0.30. Magnified view of the
endothermic peaks of curves 2 and 3 is shown in the inset. (b)
X dependence of main-transition enthalpy AH,, for CnPC—
cholesterol binary bilayers. (c) X, dependence of peak width
at half height AT, for CnPC—cholesterol binary bilayers. A
broken line is drawn at X; = 0.15. In panels (b) and (c),
different symbols are used to distinguish the data for each of the
binary bilayers of CnPCs: (o) C14PC, (V) C15PC, (o) C16PC,
(A) C17PC, () C18PC.
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Fig.3 Temperature dependence of wavelength at maximum
emission A, observed in the Prodan fluorescence spectra for
C16PC—cholesterol binary bilayer at different cholesterol
compositions (Xg): (1) X = 0.01, (2) 0.05, (3) 0.10, (4) 0.15,
(5) 0.19, (6) 0.24, (7) 0.31.
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Cholesterol composition Xch

Temperature—holesterol composition (X,) phase diagrams of CnPC—cholesterol binary bilayers: (a) C14PC, (b) C15PC,

(c) C16PC, (d) C17PC, (e) CI8PC. Open circles and open squares represent the data from DSC and Prodan fluorescence
spectroscopic measurements, respectively. The areas indicated by alphabets A-I correspond to the following phases: (A) Ly +
Lg(1:6), (B) Lg" + Lg(1:18), (C) Lg" + Lg(1:12), (D) Lg" + Lg(1:30), (E) Pp’ + Ly(1:18), (F) Pg’ + Lg(1:12), (G) Pg' + Lp(1:30), (H)

Lp(1:30) + Lg(1:12), (I) Lp(1:12) + Lg(1:6).
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Fig. 5 Schematic illustration for various types of regular
distribution of cholesterol within binary bilayers based on the
hexagonal lattice model. A closed circle and an open circle
represent a cholesterol and a CnPC molecule, respectively.
Each fundamental unit is indicated as a dark shaded area around
each cholesterol molecule.
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Fig. 6 Hydrocarbon-chain length (n) dependence of the

cholesterol compositions at which the pretransition (o) and the
main transition (0) are abolished.
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