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The study of interactions between divalent cations and lipid membranes is one of the key
goals of membrane biophysics, since it is supposed that ions affect structure of phospholipid
bilayers and modulate the insertion and binding of proteins. Lipid-ion interactions are
determined by a set of both external and internal factors associated with the membrane
structure. One of the most significant structural parameters is the average lateral area of a
phospholipid in the lipid bilayer, which characterizes the packing density of lipids and it is
of decisive importance in assessing intermolecular interactions occurring in lipid
membranes. In this regard, SANS, SAXS, and densitometry were used in this work to study
the structural changes in model lipid bilayers composed of zwitterionic phospholipids of
various lateral areas (DMPC, POPC, DOPC) upon the addition of biologically relevant Ca*"
and Mg®" cations. Based on the obtained structural parameters of these lipid bilayers,
various mechanisms of lipid-ion interactions were proposed, which are apparently governed
by the lateral area, namely, lipid packing density related to the average interlipid distance
[1], [2]. In the bilayers with a close packing of phospholipids (e.g., DMPC), the interlipid
distance is small enough that it leads to the formation of lipid-ion-lipid bridges. This causes
a membrane condensing in lateral direction. On the other hand, in a less densely packed
lipid bilayer (e.g., DOPC), ions predominantly interact with lipids by forming separated
lipid-ion pairs, which fluidizes the bilayer by enlarging its lateral area and reducing the
thickness. In the case of POPC with a lateral area of ~ 64 A2, the average interlipid distance
is approximately equal to the cutoff length of lipid-ion interactions, leading to a mixed type
of interactions, where the two effects on the lipid bilayer structure are mutually
compensated.
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