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interactions of cations with lipid headgroups: sodium ions demonstrate much stronger interac-
tions with zwitterionic phosphatidylcholine lipids than potassium ions [11,47]. More specifi-
cally, sodium ions are known to bind strongly to carbonyl oxygens of phosphatidylcholines, 
leading to the formation of tight complexes between neighboring lipids [11,43–47], thus weak-
ening the desorption of lipids out of membrane leaflets toward the membrane interior. 

Figure 5.7. The distribution of flip-flop times. The distribution is shown for all eight DMPC 
bilayer systems considered (50 flip-flop events all together). The lipid flip-flops in the bilayer 
systems with NaCl are shown in light color, while the rest were observed under the influence of KCl. 
Adapted with permission from [34]. Copyright © 2007, American Chemical Society. 

Overall, the molecular mechanism of lipid flip-flop discussed here consists of two steps 
[34]. The first step is the formation of a transient water defect in a membrane. In the present 
case this is achieved through the incorporation of an initial ionic concentration imbalance across 
the membrane; such an imbalance, being an inherent feature of plasma membranes of eu-
karyotic cells, initiates the formation of a water pore coupled to the subsequent fast ion leakage 
that quickly reduces the local field strength and makes the pore metastable. The second step is a 
fast translocation of lipid molecules through preformed water pores. Because lipid translocation 
through a pore is very fast (taking only 60 ns on average), one can observe considerable mixing 
of lipids between the opposite leaflets since the lifetime of water pores ranges from tens to sev-
eral hundreds of nanoseconds (see Fig. 5.8). 

The origin of the force that drives the pore-mediated lipid translocation across a membrane 
is central for understanding the molecular mechanism of lipid flip-flop. First, we recall that the 
PC lipids considered in this study are zwitterionic, i.e., neutral. Therefore, the transmembrane 
electrostatic potential can hardly play the main role. Indeed, the membrane-normal component 
of the total electrostatic force exerted on the lipids involved in flip-flops is found to fluctuate 


