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Lipids Domains
• Domains in biomembranes have biological function

– proteins prefer certain domains
• Coexisting domains form in binary lipid mixtures

– different chain lengths, saturation levels, ...
– different phases: e.g. liquid, gel

Scale bar = 1µm
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Domain of lipid mixture
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Simulating Biomembranes

We want to simulate lipids moving!

However, lipid diffusion is ‘slow’
•diffusion constant ~ 10-8 cm2/s
• lipid exchange time ~ 100 ns
•too slow for atomistic simulations
⇒ need to use coarse-grained models
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Lipids
• phosphotidylcholine (PC)

van der Waalsschematicbead-spring model
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Lipid Model: Interactions

Lennard-Jones (LJ) potential

The purely repulsive LJ potential uRLJ

is cutoff and shifted at rc = 21/6σ.

Force field parameters

εαβ = ε, and σαβ = σ for all pair types αβ

rc,αβ = 2.5 σ for αβ = HH, TT, SS, HS

= 21/6σ for αβ = HT, TS
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Domain Self-assembly
Start with random configuration of mixed lipids.
See domains form!

• NT = 4 red
• NT = 8 green
• 2:1 mixture
• 12096 total lipids
• image shows only tails
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Domain structure: Complementary Matching

t = 0.7 ms

short
long
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If there is a double bond, then ...
• Unsaturated (U):Saturated (S) mixture
• NT = 6uu & 6 (U:S)
• 3:2 mixture
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Gel domains

S:S
U:U
U:S Now find gel domains

composed of single lipid type.
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Summary

Saturated:Unsaturated mixture

J. Am. Chem. Soc. 2004
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Area per Lipid
Area per lipid A
•decreases with temperature T
•has discontinuity at liquid→gel transition
•Phase transition temperature decreases
for larger NT

NT
4
6
8
8

At T = 0.95, 4 bead lipids are in
liquid state, and 8 bead lipids are
in the gel state.

liquid gel

Temperature


