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Phase Transition Behavior of the Highly Asymmetric Chain Length
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A study on phase transition behavior of sphingophospholipid-water system was performed

for the highly asymmetric chain length N-lignoceroylsphingomyelin (C24:0-SM) with a differential

scanning microcalorimetry (DSC). The C24:0-SM was partially synthesized by a deacylation-

reacylation process with naturally occurring sphingomyelin used as a starting material. The C24:0-

SM showed a low-temperature phase transition of the subgel-to-gel phase (7s), successively

followed by the common phase transition of the gel-to-liquid crystal phase (7w). The Ts transition

enthalpy decreased with an increase in periods of thermal annealing performed at the 7w transition

temperature. This indicated that the 7w transition accompanies a change in the packing mode

which proceeds very slowly up to the annealing periods of 9 h. In this accord, the electron

micrographs of the subgel phase showed a drastic structural change of planer bilayer stacks

into multilamellar vesicles and finally into small size unilamellar vesicles, which appear with

increasing the periods of the annealing.
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Model structure of the N-lignoceroylsphingomyelin (C24:0-SM). A backbone structure was drawn by reference
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Fig.2 Typical heating DSC curves obtained by repeating

thermal cyclings in the temperature range of 0
to 70°C for a vesicle dispersion of the N-
The
vesicle dispersion was prepared at a temperature

lignoceroylsphingomyelin (C24:0-SM).

of the gel phase. The number of repeated heating
scans: (a) 1, (b) 3, (¢) 10, (d) 30. Apparent excess
heat capacity (AC,) is plotted as a function of
temperature (7).
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Fig.3 Variation of phase transition enthalpies (AH)
of the C24:0-SM dispersion with an increase in
the number of repeated heating scans shown in
Fig.2. The phase transition enthalpy is compared
for the subgel-to-gel phase (7s) and the gel-to-

liquid crystal phase (7wm) transition.
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Fig.4 Comparison of typical heating DSC curves of

(a) first and (b) fifth scans obtained by repeating
thermal cyclings in the temperature range of 0
to 39.5 C for the C24:0-SM dispersion. A curve
(c) was obtained in the sixth scan. Apparent
excess heat capacity (AC,) is plotted as a function
of temperature (7).
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Fig.5 Effect of increasing the period of annealing at

a temperature of the gel-to-liquid crystal phase
(Tm) transition on the phase transition behavior
of the C24:0-SM dispersion. The dispersion
prepared at the gel phase temperature was scanned
up to the temperature of Ty transition and was
then annealed at this temperature for different
periods (a). The annealed samples were cooled
to 0C and were then scanned. The resulting
heating DSC curve is compared for the annealing
periods of (b) 3 and (c) 9 h. The dispersion
annealed for periods above 9 h was quenched
rapidly to 0 C and was then scanned (d). Apparent
excess heat capacity (AC,) is plotted as a function
of temperature (7).
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Fig.6 Variation of the enthalpy change (AH) associated

with the subgel-to-gel phase (7s) transition of
the C24:0-SM dispersion with increasing the
period of annealing at the gel-to-liquid crystal
phase (Twm) transition.
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Fig.7 Comparison of electron micrographs of the subgel

phases of the C24:0-SM-water system. The
electron micrographs (a), (b) and (c) were
obtained for the subgel phases characterized by
the subgel-to-gel phase (Ts) transitions shown in
Fig.5(a), (b) and (c) respectively.
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Fig.8 Size distribution for unilamellar vesicles of the
C24:0-SM obtained after the thermal annealing
at a temperature of the gel-to-liquid crystal phase
(Twm) transition. The diagram was constructed
by counting approximately 220 vesicles in the
negative stain electron micrographs. Frequency,
fi/Zfi (=226), is plotted as a function of the
vesicle diameter. The mean diameter of these

vesicles is ~ 110 nm.
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Fig.9 Two types of interdigitated bilayer structures:
(a) (b) full
interdigitation.
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