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Introduction to lipid membranes: structure and behavior

Constitutive behavior

polar,
likes water{ o Lipid membranes are fluid in-plane and

g non-polar, elastic out-of-plane
hates water
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Lipid membranes in the cell:

Make up the exterior cell membrane and
boundary of the nucleus, Golgi complex, b —

endoplasmic reticulum. ... S. M. Block, Stanford University



McMahon et al. 2002

We observe coupling between:

e in-plane lipid flow, out-of-plane bending
e in-plane diffusion of different species

e protein binding chemical reactions from

: surrounding fluid
Stanich et al. 2013 Baumgart, Hess, Webb 2003 2



Modeling lipid membranes: How do we ...

model phenomena
over 200 nm-10pum and
several seconds?
Use the balance law
formalism of continuum
mechanics

‘Vectors, Tensors,
and the
B
Mechanics
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Rutherford Aris

... describe the different
shapes and morphologies
lipid membranes form?
Write the equations of
motion in a differential
geometric setting

NON-EQUILIBRIUM
THERMODYNAMICS
S.R. de Groot
and P. Mazur

understand the complex
coupling between bending and
various irreversible processes?
Develop an irreversible thermo-
dynamic framework to determine the
stresses and fluxes in the system

ersible thermodynamics of curved lipid membranes

arXiv:1701.06495,  Phys. Rev. E 96 (2017)



Viscous forces in the normal direction = new dimensionless number!

Membrane shape equation:
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(b) viscous forces: 78 b,z



Lipid membrane tubes are unstable at large Foppl-von Karman number!

Fluid film: kK, =0, — o0
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arXiv:1812.05086, J. Comp. Phys. 407 (2020)

Physical mechanism:

1. initial shape change causes a change in the
surface tension (Young—Laplace equation)

2. resultant surface tension gradients drive
in-plane flows, from low to high tension

Important result:

. when k, # 0, bending and tension forces are

competing in the normal direction

. we investigate both the mechanism and the

dynamics of the pearling instability!

Lipid membrane k, #0, [ = 2:
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