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the swimming velocity of mammalian spem
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example: finite element simulation of pipette aspiration

me239 mechanics of the cell - final project

from molecular level to cellular level

assuming we know the mechanical properties of the individua flaments, what
does that actually tell us about the assembly of flaments that we find in the cell?

e could we then predict the stiffness of the overall assembly”?

o how does the flament microstructure affect cytoskeletal properties”?

e how can we cdculate the macroscopic network properties from the
individual microscopic flament properties”?

4.1 mechanics of the cytoskeleton

me239 mechanics of the cell - final project:

from molecular level to cellular level

three examples

* fiber bundle model for flopodia
* network model for red blood cell membranes
« tensegrity model for generic cell structures

4.1 mechanics of the cytoskeleton



microstructural arangement of actin

Figure 4.2.1. A crawling cell, drawn to scale, is shown with three areas enlarged to show the arrangement of actin filaments. The actin
filaments are shown in red, with arrowheads pointing toward the plus end. Stress fibers are contractile and exert tension. The cell cortex
underlies the plasma membrane. Filopodia are spike-like projections of the plasma membrane that allow a cell to explore its environments.

aloerts, johnson, lewisgaff, roberts, walter [2002]
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pushing the envelope

simplified model for cell locomotion

e protrusion ... polymerization at the leading edge of the cell
e gitachment ... formation of focal adhesions 1o link the cell to the surface
e ratraction ... contraction of stress fibers to retract the rear of the cell

aloerts, johnson, lewisgaff, robers, walter [2002]
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assembly of crosslinked actin flaments

Figure 4.3. Bundles of actin filaments tightly crosslinked through fascin are known as filopodia. The mechanical properties of filopodia
play an essential role in various different physiological processes including hearing, cell migration, and growth.

flopodia are very thin structures approximately 0.2 um in diameter. they can easly
extend up to 2.0 um. they typicaly polymerize and depolymerize at rates of
approximately 10 um/min. the mechanical properties of flopodia play an essential
role in various different physiological processes, including hearing, cell migration, and
growth., despite therr importance to cell function, the structural architecture
responsible for their overall mechanical behavior remains largely unknown,

4.2 fiber bundle model for filopodia 1

pushing the envelope - critical length

¢ loose assembly o tightly crosslinked

4.2 fiber bundle model for filopodia 20



case | - loosely assembled actin flaments

4

[=nla with L= ‘o
4
n = 30 filaments Lesit = 0.416 ym

much too low - disagrees with observations of 2um

4.2 fiber bundle model for filopodia 2

red blood celis

erythrocytes, red blood cels are
essential to deliver oxygen to the
body via the blood flow through
the circulatory system. they take
uo oxygen in the lungs and
release it while sgueezing through
the Dbodys capllaries. adult
humans have about 2-3 1018,
20-30 ftrlion, red blood cels
comprising about a guarter of the
total amount of cells in the human
body.

4.3 network model for red blood cells =
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better model - agrees with observations of 2um
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red blood cels

human mature red blood cells are flexible biconcave disks that
lack a cel nucleus and most organelles. typical human enythrocytes
have a disk diameter of 6-8um, a thickness of 2um, a volume of
O0fL, and a surface of 136um?2. they can swel 1o spherical shape of
1601, without membrane distension. the membrane of the red blood
cel plays a key role in regulating surface deformability, flexibility,
and adhesion to other cells. these functions are highly dependent on
its composition. the red blood cel membrane is composed of 3 layers:
the glycocalyx on the exterior, which is rich in carbohydrates; the lipid
bilayer consisting of lipidic main constituents and transmembrane
proeins; and the membrane skeleton, a structural network of
proteins located on the inner surface of the lipid blayer,

4.3 network model for red blood cells 2



red blood celis

Remarkable deformability of

red blood cells

4.3 network model for red blood cells =
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red blood celis

the human red blood cell membrane skeleton is a network of roughly
33,000 protein hexagons that looks like a microscopic geodesic dome

4.3 network model for red blood cells =

red blood cels

4.3 network model for red blood cells 2

network model for red blood cells
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homogenization - hil-mandel condition

aim. o determine the overall material properties xand  prof the net-
work of spectrin chains in terms of the spectrin chain stifness

Wmac -~ Wmic

hil, r. elastic properties of reinforced solids; some theoretical principles, joumal of the mechanics and
physics of solids, 1963, 11:3567-372.

4.3 network model for red blood cells =

single spring energy

free energy W*F' of a single spring

WP =1k =1k[I-1p)* where d=1-1I

4.3 network model for red blood cells =

different network kinematics

4.3 network model for red blood cells =

discrete microscopic network energy

4.3 network model for red blood cells =



equivalent macroscopic energy

Wmac - Wmic

4.3 network model for red blood cells =

discrete microscopic network energy
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discrete microscopic network energy
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equivalent macroscopic energy
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