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Summary

The aqueous solubilities of the Na* and Ca?* salts and the free acid forms
of phosphorylcholine, phosphorylethanolamine and D,L-phospho-serine, re-
spectively, were found to be below the polar group concentrations calculated
for bilayers of the corresponding phospholipids.

It has been stated that the concentration of lipid head groups in bilayer
membranes corresponds to a bulk electrolyte concentration of 5 to 10 M [1,
2]. However, it has been unknown whether this concentration range is below
or above the bulk solubility of phospholipid polar groups in water.

Table I contains the following data. The experimentally determined
solubilities of the Na* and Ca®* salts and the free acid forms of phosphoryl-
choline, phosphorylethanolamine and D,L-phospho-serine, respectively; the
apparent concentrations of these polar group model compounds in the crystal-
line state, as calculated from reported crystal densities; the apparent polar
group concentrations in liquid crystalline bilayers of the corresponding
phospholipids, as calculated from published hydration data.

Polar group concentrations calculated for phospholipid bilayers were
between 4.6 and 5 M, and those calculated for the crystalline state of the
polar group model compounds were between 4.8 and 11 M. The aqueous
solubilities of the polar group model compounds were lower (0.04 to 4 M).
These latter values probably were still too high because these compounds,
when compared with the corresponding phospholipids, contain one additional
dissociating group on the phosphate moiety. Such charged groups are pre-
ferred sites of hydration [3].
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From the data of Table 1 it is apparent that the lipid polar group con-
centrations of bilayer membranes are above the bulk saturation concentrations
of the corresponding polar group model compounds. This near-crystalline solu-
tion state of the polar groups might conceivably restrain phospholipid bilayer
fluidity. Indeed, some correlation between the present solubility data and
known polar group effects on bilayer fluidity is possible. The addition of calcium
ions to phosphatidylserine or phosphatidic acid bilayers soldifies the bilayer
structure, including the hydrocarbon portion, and shifts T, temperatures to
higher values [4]. This might correspond to the 30-fold lower solubility of the
Ca** salt of D,L-phospho-serine relative to the Na* salt (Table I). The very low
solubility of the Ca®” salt of phosphoric acid, which is a primitive model com-
pound for the polar group of phosphatidic acid, is well known. The free acid
form of phosphatidylserine fails to form fluid bilayers in excess water, where-
as the Na* salt readily does [5]. It might be a possible analogy that the free
acid form of D,L-phospho-serine was about 8-fold less soluble than the Na*
salt (Table I).

More generally, the present results might be related to the principle of op-
posing forces by which micelle formation can be thermodynamically described
[6]. The oversaturated bilayer polar groups will tend to dissolve in excess
water, this repulsive force being more than compensated for by the attractive
force originating from the positive entropy term of hydrophobic interactions
between the lipid fatty acyl chains.
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