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Topic:

Bending energy:
»8p k »500k,T

Protein interaction, binding energy

» 5...20KkT

Cooperative action needed!

J. Zimmerberg and M.M. Kozlov,

Nature Rev. Cell. Biol. 7, 9 (2006) But how can proteins
“How proteins produce cellular

membrane curvature” all come together?




But how can proteins
all come together?

ANSwWer:

“Standard” (old)

Proteins attract by means of certain specific interactions
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Exotic” (new)
Proteins also attract by means of the membrane
curvature which they anyways impose.

B. Antonny, Curr. Opin. Cell Biol. 18, 386 (2006);
B. Blood and G. Voth, Proc. Nat. Acad. Sci. (USA) 103, 15068 (2006).

Forces are
closed-loop
integral over
stresses
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excess length of curvatures on horizontal
middle branch middle branch

[M.M. Muller, M. Deserno, J. Guven, EPL 69, 482 (2005); PRE 72, 061407 (2005)]



Mediated interactions

Calculation using linearized Helfrich Hamiltonian

U(R) — 2roa?a? (KO(R/)\) + K%(R/A))
Characteristic decay length: A := \/K/co

[T.R. Weikl, M.M. Kozlov, W. Helfrich, PRE 57, 6988 (1998)]

Lindahl, E. & Edholm, O. Mesoscopic
undulations and thickness fluctuations in
lipid bilayers from molecular dynamics
simulations. Biophys. J. 79, 426-433
(2000).

All-atom lipid bilayer, 20nm-20nm, 1024 lipids, 10ns

What if we want a boxlength of L=200nm?

How does computing effort scale with L?

effort ~ L2 - L4~ L°

Amount of material Equilibration time



Simulation...

much detail little detail

atomistic models bead-spring models triangulated surfaces

Marrink; Klein, ompper&Kroll,...
Sansom; Scott; - ’
Voth; ... standard DPD

solvent free
Lennard-Jones

. , Groot&Rabone; Drouffe&Maggs&Leibler;
Goetz&Lipowsk ) : .
Sztev:epnsv'v Y Shillcock&Lipowsky;  Noguchi&Takasu; Farago;
n Laradji&Kumar, ... Brannigan&Brown

matter of debate...

O u r m Od eI I.R. Cooke, K. Kremer, M. Deserno,
Phys. Rev. E 72, 011506 (2005)
= = * three bead lipid (aspect ratio!)

* linked by two bonds

« stiffened by bending potential

* tail attraction drives assembly

unstable

fluid phase

temperature

gel-phase(s)

: attraction range
H.-J. Limbach et al., Comp. Phys. Comm. 174, 704 (2006)
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