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around zero [34], without a component that would drive translocation. Second, as already dis-
cussed, the electric field across a membrane is spatially inhomogeneous, as it is defined by in-
stantaneous positions of ions. In general, the inhomogeneous electric field could contribute to 
translocation of zwitterionic lipids via dielectrophoretic motion. However, it has been found that 
the contribution of the dielectrophoretic force exerted on the dipolar lipid headgroup is the larg-
est for a small number of lipids involved in flip-flops during the initial stages of pore formation, 
and even then the dielectrophoretic component is comparable to thermal energy [34]. At longer 
times, when the transmembrane electric field is almost fully discharged due to ion leakage, the 
dielectrophoretic force has been found to be an order of magnitude smaller than the force due to 
thermal fluctuations. Thus, we conclude that translocation of lipids through transient water 
pores is mainly diffusive, i.e., driven by thermal fluctuations. 

Figure 5.8. Flip-flop induced mixing up of the lipids which belong to the opposite leaflets of a DMPC 
bilayer system with KCl. Left: Intact membrane at t = 0 ns. Right: The same membrane with an opened 
pore at t = 200 ns. Lipids in opposite leaflets are shown in light and dark; for clarity, the size of flip-flopped 
lipids has been enlarged. Adapted with permission from [34]. Copyright © 2007, American Chemical Soci-
ety. 

 

Overall, the atomic-scale MD simulations demonstrate that the appearance of a water pore 
spanning a phospholipid membrane inevitably leads to diffusive transmembrane translocation of 
lipids through the pore. There is reason to especially emphasize that, while the formation of a 
water pore is induced here by a transmembrane ion density gradient, the precise way by which 
the pore is formed is irrelevant for the flip-flop mechanism discussed here. This has also been 


