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Temperature- and Pressure-Induced Phase Transitions of
Saturated Diacylphosphatidylcholine Bilayer Membranes

Hitoshi Matsuki, Masaki Goto, and Nobutake Tamai
Department of Life System, Institute of Technology and Science,
The University of Tokushima

(Received Feb. 10, 2014; Accepted Apr. 14, 2014)

Temperature- and pressure-induced bilayer phase transitions of a series of diacylphosphatidylcholines containing
two equivalent linear saturated acyl chains (CnPC: n = 12 — 22) were comprehensively revealed by constructing the
temperature (7) — pressure (p) phase diagrams and determining thermodynamic quantities of the phase transitions,
which were obtained by combined methods of differential scanning calorimetry under atmospheric pressure and
light-transmittance measurements under high pressure. The 7—p phase diagrams clarified various interesting aspects of
the phase behavior, e.g., polymorphism between the gel phases, change in the gel-phase stability and pressure-induced
bilayer interdigitation. Especially, the interdigitation was found to be induced in bilayers of CnPCs for 14 to 21. It
turned out from the thermodynamic quantities that the sub-, pre- and main transition are, respectively, an acyl
chain-length dependent transition with slow kinetics, an acyl chain-length independent transition with fast kinetics and
an acyl chain-length dependent transition with fast kinetics, respectively. The interaction between CnPC molecules in
the bilayer membrane was also deduced from the systematic consideration on the bilayer phase transitions of CnPCs.

Keywords: bilayer membrane, diacylphosphatidylcholine, high pressure, interdigitation, phase transition,
thermodynamic quantity.
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Fig.1 (a) Molecular structure of PC. (b) Three-dimensional
pictures of C12PC, C16PC, and C22PC from the top.
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Fig.2 DSC thermograms of C16PC bilayer and schematic
illustrations of membrane structures of each phase.
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Fig.3 (a) DSC thermograms of CnPC bilayers: (1) C12PC, (2) C13PC, (3) C14PC, (4) C15PC, (5) C16PC, (6) C17PC. (b) DSC
thermograms of CnPC bilayers: (1) C18PC, (2) CI19PC, (3) C20PC, (4) C21PC, (5) C22PC. All lipid samples were annealed by
repeating thermal cycling to form the L, phase. The thermogram of the C12PC bilayer was obtained in 50 % EG solution.
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Fig.4 Temperature—pressure phase diagrams of CnPC bilayers: (a) C12PC, (b) C13PC, (c) C14PC, (d) C15PC, (e) C16PC, (f)
C17PC, (g) C18PC, (h) C19PC, (i) C20PC, (j) C21PC, (k) C22PC. Phase transitions: (O) subtransition, (4A) pretransition and
transitions between gel phases, (0) main transition. The diagram of the C12PC bilayer was obtained in 50% EG solution. Broken
lines indicate transitions between metastable phases. The lowest right illustration represents the Lgl phase of C16PC membrane.
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Table 1 Thermodynamic properties of main (Pg/L,,) transition
for CnPC bilayer membranes.

Lipid T d7/dp AH AS AV
(°C) (KMPa") (kImol") (JK'mol") (cm’mol™)

C12PpC 23 0.20 7.5 28 5.5
C13PC 13.6 0.21 16.0 56 11.7
C14PC 24.0 0.21 25.7 87 18.3
C15PC 34.0 0.22 33.1 108 23.2
Cl6PC 42.0 0.22 36.4 116 254
C17PC 48.6 0.22 41.4 129 28.8
C18PC 55.6 0.23 45.2 137 31.6
C19PC 60.5 0.24 46.1 138 33.2
C20PC 65.1 0.26 48.7 144 37.4
C21PC 69.6 0.27 55.1 161 42.8
C22PC* 734 0.25 65.4 189 479
* Lgl/L,, transition.

Table 2 Thermodynamic properties of pre- (Lg/Pg) transition
for CnPC bilayer membranes.

Lipid T d7/dp AH AS AV
(°C) (KMPa') (kJmol") (JK'mol") (cm’®mol™)

C12PC - - - - -
C13PC -0.8° 0.14 2.1 8 1.1
C14PC 14.9 0.13 4.5 16 2.0
C15PC 24.7 0.12 4.4 15 1.8
Clé6PC 343 0.13 4.6 15 2.0
C17PC 429 0.13 4.6 15 1.9
C18PC 50.9 0.14 5.0 15 2.2
C19PC 56.6 0.17 5.0 15 2.6
C20PC 63.2 0.15 43 13 1.9
C21PC 67.9 0.18 5.7 17 3.0
C22PC - - - - -

 Lewis, at el.?

Table 3 Thermodynamic properties of sub- (L./Lg') transition
for CnPC bilayer membranes.

Lipid T d7vdp AH AS AV
(°C)  (KMPa') (kImol") (JK'mol") (cm’®mol™)
Cl12pC* 17 0.2 32.9 120 14.0
C13PC® 129  0.12 17.5 61 7.3
C14PC® 17.1  0.08 25.7 89 7.1
CI15PC 205  0.16 25.0 85 13.6
Cl6PC 215 0.8 26.3 89 16.1
C17PC 250  0.16 27.2 91 14.6
CISPC 310 022 28.6 94 20.7
CI9PC 354 022 26.8 87 19.1
C20PC 327 025 11.2 37 9.2
C21PC - - - - -
C22PC - - - - -

4 L/L, transition in 50% EG solution, ° L/Pg' transition.
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Fig.8 (a) Phase-transition temperatures, (b) enthalpy change
(AH) and (c) volume change (AV) of CnPC bilayers as a function
of acyl chain length: (O) main transition, (/) pretransition, ((J)
subtransition. Closed square refers to AH value for L./L,
transition of C12PC bilayer.
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