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Materials and Methods 

Simulations 

 

Simulation models 

Multi-component lipid systems comprised of DPPC, cholesteryl oleate (CO), trioleate (TO), and 

water were modeled. In some systems we also included DPPE, but its effect was observed to be 

minor and did not change the conclusions (data not shown). All systems were described using 

the coarse-grained (CG) representation in terms of the Martini model (1, 2). The initial structure 

of the model is a previously published (3) periodic system of two lipid monolayers separated by 

vacuum on one side and water on the other side. This system of lipid composition 

POPC:FFA:TO:CO 4:2:1:1 (FFA standing for free fatty acid) was then modified to gain new 

starting structures where FFA was no longer included. 8 lipids were added to both sides to yield 

800 lipids in both monolayers. The lipid types were interchanged so that new randomly distrib-

uted lipid compositions were reached. The new compositions were DPPC/TO 8:2, 

DPPC/DPPE/TO 4:4:2, DPPE/TO 8:2, DPPC/CO 9:1, DPPC/TO 9:1, DPPC/DPPE/TO 

4.5:4.5:1, DPPE/TO 9:1, DPPC/TO/CE 4:3:3, pure DPPC, DPPC/DPPE 1:1, and pure DPPE. 

The number of water molecules per lipid and the thickness of the vacuum layer were checked to 

be large enough, preventing the constructed lipid system from seeing its own periodic image 

during the simulation.  

 

The force field for all the systems was based on the Martini model (version 2.0) (1, 3). The sim-

ulations were carried out by using the Gromacs software package (version 4.0.4) (4-6). The sim-

ulation temperature was maintained at 305 K with the Berendsen temperature coupling (7) using 

the time constant of 0.3 ps. All simulations used a time step of 20 fs, and the data was stored 

every 200 ps.  

 

We first carried out simulations at constant pressure, each conducted with only a modest in-

crease/decrease in pressure to reach a wide variety of systems with different areas per lipid. The 

area per lipid is defined here as the total area of the layer divided by the total number of lipid 

moleculesVelocities were regenerated at the beginning of each run. Pressure was held constant 

with the semi-isotropic Berendsen pressure coupling in the plane of the membrane by using a 

time constant of 3 ps and a compressibility of 0.00005 bar. After each area change of 5Å
2
/lipid, 

each system was simulated for 10 ns in constant volume to reassure the equilibration of the sys-

tem. This was continued until we had reached all the simulation-accessible areas per lipid (from 

40-50Å
2
/lipid to 50-70Å

2
/lipid) for all simulated systems. 

  

Next the selected systems were simulated for a time scale of at least 1μs in constant volume 

simulations (600 ns for the one-component DPPC standard), of which at least 400 ns were under 

equilibrium conditions. It is worth pointing out that the time scales mentioned above do not in-

clude the speed-up factor of four arising from the fact that the dynamics in a CG system using 

the MARTINI description are faster than atomistic dynamics by an approximate factor of four 

(3). The effective simulation time considered in the final production simulations was thus 4 mi-

croseconds, of which at least 1.6 microseconds corresponded to equilibrium conditions used in 
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analysis. The selected systems were 50, 55, 60, 65 and 70 Å
2
/lipid for all systems having com-

position PL/TG 9:1 (where PL stands for phospholipid) and PL/TG 8:2; 50, 55, 60 and 65 

Å
2
/lipid for DPPC/CO 9:1; 40, 45 and 50 Å

2
/lipid for DPPC/TO/CE 4:3:3; and 40, 45, 50, 55, 

60 and 65 Å
2
/lipid for systems containing only PL lipids.  

 

Analysis of simulation data 

The number densities of the systems were calculated from the simulation data with the Gromacs 

analysis g_density tool, version 4.0.7. For the density profile analysis, the simulation box was 

divided in slices that were 0.5 Å thick. The values were calculated for each simulated system in 

two ways: i) based on the whole equilibrium trajectory and ii) by dividing the equilibrium trajec-

tory to 4-6 non-overlapping parts in order to calculate the 95 % confidence limit. The error bars 

determined in this manner are shown in the figures. The simulation snapshots were visualized 

with VMD software, and number densities with xmgrace software. 

 

The surface pressure (π)-area (A) data for the equilibrium runs was fitted to experimental data 

presented in the present article using the approach described by Baoukina et al. (8). The fit con-

firmed that the simulated systems can be compared to experimental results, i.e. the simulations 

and Langmuir film balance experiments both show the identical π-A relationship in the average 

A/acyl chain range considered. 
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