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Figure 5.1. Initial structure of a double-bilayer system with a charge imbalance of 6 Na  ions per bi-
layer. The sodium ion concentration is larger in the “inner” water bath between two DMPC bilayers (see 
text for details). The two lipid and water regions are complemented by ions; sodium ions in light and chlo-
ride ions with darker color. Adapted with permission from [34]. Copyright © 2007, American Chemical 
Society. 

In a double-bilayer system, the two bilayers separate the “inner” (between the bilayers) and 
“outer” water reservoirs. Here, the terms “inner” and “outer” are used for convenience only, as 
periodic boundary conditions are applied in all three directions. The next step is to create a 
transmembrane ionic charge imbalance. To do that, cations (Na  or K  ions) and anions (Cl
ions) are added to the system, replacing randomly chosen water molecules. The number of ani-
ons is set to be the same in both water reservoirs (20 Cl  ions). Meanwhile, an excess of cations 
is created in the “inner'” water phase with respect to the “outer” one. The initial transmembrane 
imbalance of cations is chosen to be 6 cations per bilayer or 12 cations between the reservoirs, 
such that 26 and 14 cations are placed in the “inner” and “outer” water reservoirs, respectively 
(see Fig. 5.1). The condition of electroneutrality in the whole double-bilayer system is fulfilled. 

To gain insight into characteristic times of pore formation and sensitivity of the whole proc-
ess to the type of salt, 20 different runs simulated over 10 to 15 ns each have been performed by 
varying initial conditions (10 runs with NaCl and 10 runs with KCl) [10,11]. Figure 5.2 depicts 
the transmembrane electric field and electrostatic potential for one representative double-bilayer 
system with NaCl. We find that for this particular system the imbalance of 6 Na  ions per bi-
layer induces on average a transmembrane voltage of about 2.12 V across the membrane. 


