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Figure 5.6. Time evolution of lipid positions and their orientations. Top: Time evolution of positions of 
the centers of mass (CM) of headgroups for four representative flip-flopped lipids of a DMPC bilayer sys-
tem in an aqueous solution with NaCl. The z = 0 corresponds to the membrane center; solid black lines 
show the average positions of lipid headgroups in the two opposite leaflets, extracted from the intact mem-
brane before pore formation. Bottom: Time evolution of the tail-to-head orientation for the same four flip-
flopped lipids. The tail-to-head orientation is characterized as the angle between the bilayer normal and the 
vector directed from the CM of acyl chains to the CM of headgroups. Solid black lines again show typical 
values for the angle for lipids in the opposite leaflets. Adapted with permission from [34]. Copyright © 
2007, American Chemical Society. 

CM of lipid's hydrocarbon chains to the CM of its headgroup. Figure 5.6 presents trajectories 
for four representative flip-flopped lipids of a DMPC bilayer with NaCl [34]. Remarkably, the 
translocation of a lipid molecule across a membrane closely correlates with the overall reorien-
tation of the lipid within a membrane: when a lipid molecule is accommodated in its initial 
membrane leaflet, the lipid’s tail-to-head vector makes an average angle of 22 degrees (or 158 
degrees depending on the leaflet) with the bilayer normal. During flip-flop (i.e., when the CM 
of a lipid headgroup crosses the membrane center, z = 0), a lipid changes its orientation and the 


