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A series of D-erythro (2S, 3R) sphingomyelins (SMs) was synthesized by the acylation
of D-erythro-sphingosylphosphorylcholine. In this synthesis, the acyl chain was varied in
length from16 to 24 carbons at intervals of 2 carbons, in contrast to a fixed length of 18
carbons for the other sphingosine chain. For all the SM aqueous dispersions, reversible and
reproducible thermal behavior was observed to show the gel-to-gel and the main gel-to-liquid
crystal phase transition in heating DSC scan. The main transition enthalpy (AHwm) decreased
with increasing the effective chain length (N) per molecule of lipid estimated on the basis of
a model structure of SM molecule, which contrasted with the generally accepted phenomenon
for lipid-water systems. The decrease in AHm with an increase in N was discussed from the
viewpoint of the effect of the inequivalent chain segment in the acyl chain on the chain-chain
van der Waals interaction energy that accounts for 2/3 of AHwm.
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Fig.1 Comparison of two types of phospholipids that

have the same phosphorylcholine headgroup, but
differ in a backbone moiety.

(a) N-acyl-sphingosine-1-phosphorylcholine is
the most typical sphingophospholipid, generally
called sphigomyelin and designated SM.

(b) 1,2-diacyl-sn-glycero-3-phosphotidylcholine
is the most typical glycerophospholipid, generally
called PC and designated diacyl-PC.
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Fig.2 Three types of bilayer packing arrangements in

the gel phase. Terminal methyl ends of chains
in lipid are shown by a mark (e). (a) bilayer
packing arrangement for symmetric chain length
lipid; (b) partical integration for asymmetric
chain length lipid; (c) full (mixed) interdigitation
for highly asymmetric length lipid.
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Fig.3
aqueous dispersions of the series D-erythro-
sphingomyelins (SMs). All the thermal behavior

was reversible and reproducible upon reheating.
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Table 1 Thermal data associated with the gel-to-gel and the gel-to-liquid crystal transition of the series
D-erythro-SMs.

SM Teo ! C AH,.; / keal mol ! Tv/C  AHw /kcal mol™! N AC
C16-SM 27.5 0.22 £0.07* 40.4 8.02 £0.04 27 1
C18-SM 334 3.64 +0.06 441 7.74 £0.04 29 3
C20-SM 32.4 3.35£0.06 44.6 7.53 +£0.06 31 5
C22-SM 31.7 0.53 £0.04 45.8 7.32£0.07 33 7
C24-SM 44.0 4.32+0.08 46.7 7.21+0.07 35 9

Ts¢ is the temperature of the gel-to-gel phase transition.
AH,, is the enthalpy change of the gel-to-gel phase transition.
Tw is the temperature of the gel-to-liquid crystal phase transition.

AHy is the enthalpy change of the gel-to-liquid crystal phase transition.
N is the total effective chain length given in the number of carbon atoms per molecule of lipid.

AC is the difference in the number of carbon atoms between the effective sphingosine and acyl chains per

molecule of lipid.
*) Standard deviations of DSC measurements.
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Fig.4 (a) Structural models of the series D-erythro-sphingomyelins (SMs). (b) The model structure of the C24-SM

is shown in enlarged scale.
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Fig.5 (a) The transition temperature 7y and (b) the
transition enthalpy AHy associated with the main
gel-to-liquid crystalline phase transition for the
series D-erythro-sphingomyelins (SMs) (@) are
plotted against the total effective chain length
N expressed as the number of carbon atoms
per molecule (see Table 1). 7w and AHm of
the corresponding transition for the series diacyl-
PCs (o) are compared in a and b of this figure,

respectively.
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Fig.6 A partial interdigitation in bilayer packing
arrangement for the highly asymmetric chain-
length C24-SM. The partial interdigitation
explains that the effective chain region in the
bilayer is divided into three parts of matched-,
mismatched-, and matched-chain length segments.
A point to be noted in this figure is that the
mismatched chain length segments from two
opposing lipids appose with each other across
the geometric center of the bilayer.
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