5.2 biomembranes - energy

me239 mechanics of the cell

the cell membrane

the barrier between the inner and outer cell is the cell membrane, a
bilayer consising of phospholipids of a characteristic structural
arrangement. in agqueous solutions, these phospholipids essentially
display two kinds of non-covalent interactions.

non-covalent interactions of phospholipids
« hydrophobic, water avoiding non-polar residues
o hydrophilic, water loving polar head groups

this behavior is similar to fatty acids or oil in water, where the
hydrophiic polar heads tend to be oriented towards the watter phase
while the hydrophobic talls are oriented towards the oil phase.
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the cell membrane

all cellular components are contained within a cell membrane which is
extremely thin, gpproximately 4-5nm, and very flexible. inside
the cel membrane, most cells behave like a liquid as they consist of
more than 80% of water. the cel memborane is semi-permeable
dlowing for a controled exchange between intracelular and
extracelular components and information.

mechanisms of transport through the membrane
e passive transport driven by gradients in concentration

e gctive transport that doss reouire extra energy; it is regulated by
lon channels, pumps, transporters, exchangers and receptors
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the lipid bilayer
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the cell membrane

Figure 1.3. Cell membrane. Phospholipic bilayer with hydrophobic water-avoiding tails and hydrophilic water-loving heads.
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the lipid bilayer - lipid rafts

Figure 1.5.2. The lipid bilayer of the cell membrane is by no means static and homogeneous.
Lipids are a class of molecules stacking together to form the membrane which can be understood
as a sea on which things are floating. The rafts floating on this sea are called lipid rafts.
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the lipid bilayer

Figure 1.5.1. Lipid bilayer of the cell membrane. Characteristic arrangement of phospholipid
molecules with hydrophilic polar head group being oriented towards the aqueous phase while
the hydrophilic tails are oriented towards the non-polar inside.
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micropipette aspiration
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surface tension

5.1.1 micropipette aspiration
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law of laplace

5.1.1 micropipette aspiration 1

law of laplace
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law of laplace
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law of laplace
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the polar nature of water

aloerts, johnson, lewis, raff, roberts, walter [2002]
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the polar nature of water

aloerts, johnson, lewis, raff, roberts, walter [2002]
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single layer - ol-water interface

5.1.2 lipid bilayers



double layer - water-oi-water interface
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energy minimization

young,[1805], laplace [1806]
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energy minimization

young,[1805], laplace [1806]
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surface tension
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the lipid bilayer

Figure 5.16. Lipid bilayer of the cell membrane. Characteristic arrangement of phospholipid molecules with hydrophilic polar
head group being oriented towards the aqueous phase while the hydrophilic tails are oriented towards the non-polar inside.
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1d transverse deformation - bending

euler bernoulli beam theory
» normals remain straight (they do not bend)
¢ normals remain unstretched (they keep the same lengtn)
» normals remain normal (they remain orthogonal to the beam axis)
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trusses, beams, walls, plates, membranes, shells

H dimension geometry | loading deformation ‘ gov eqn
truss 1d straight | w,h <! | axial tension 2" order
beam 1d straight w,h <1 transverse | bending 4t order
wall 2d flat h<w,l in plane tension/shear | 2" order
plate 2d flat h<w,l transverse | bending 4t order
membrane | 3d curved h < w,l in plane tension/shear | 2" order
shell 3d curved h<w,l transverse | bending 4t order

Table 2.1: Classification of structural elements based on dimension, geometry and loading
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tension vs bending - trusses vs beams

overall deformation = axial | transverse|deformation
u'(x,z) =[u(x)] Fzw(x)
e=uy =|ud— 2w
« axial deformation u(x)
» transverse deformation, scaled rotation of beam axis z w(x) x
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2d transverse deformation - bending

kirchhoff love shell theory
» normals remain straight (they do not bend)
¢ normals remain unstretched (they keep the same lengtn)
» normals remain normal (they remain orthogonal to the beam axis)
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tension vs bending - membranes vs shells

overall strain = |in plane (constant) |+{ransverse (inear) |
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tension vs bending - membranes vs shells

overall deformation ={in plane |+ |transverse [deformation
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2d in-plane deformation - tension and shear

|.
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2d in-plane deformation - tension and shear

...this is just to show you
how you could derive
the force equiliorium
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membrane equations - in plane deformation

0

special case of equibiaxial tension (without shear)
Oxx = Oyy = O, 0xy =0
nxx:nyy:n nxy:O

n [w,xx + w,yy] + pz — O w,xx —|_ w,yy — Aw
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membrane equations - in plane deformation

0

now, let's look at some special cases. . .

« equilibiaxial tension (without shear) > extensional stifiness
« equilibiaxial tension (without shear) > area expansion modulus

« shear (without extension) > shear stiffness
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energy minimization
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energy minimization

compare to young and laplace solution
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