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Introductory - Analysis and Modeling of Cell Mechanics
Introductory - Building Blocks

Introductory - Nucleus

Introductory - Cytoskeleton

Introductory - Cytoskeleton

Introductory - Extracellular Matrix

No Class (MLK Day)

Cell Mechanical Analysis - Microneedles

Cell Mechanical Analysis - Micropipette Aspiration
Cell Mechanical Analysis - Atomic Force Microscopy
Cell Mechanical Analysis - Microrheology

No Class

No Class

No Class

Cell Mechanical Analysis - Magnetic Twisting Cytometry
Cell Mechanical Analysis - Optical Tweezers
Modeling Cell Mechanics - Lumped Parameter Viscoelastic Models
Modeling Cell Mechanics - Pure Lipid systems
Modeling Cell Mechanics - Tensegrity

Modeling Cell Mechanics - Foams

Modeling Cell Mechanics - Polymer Networks
Modeling Cell Mechanics - Soft Glassy Material
Modeling Cell Mechanics - Computational Models
Cellular Forces - Adhesions and Traction

Cellular Forces - Traction Force Microscopy

Cellular Forces - MEMS Tools

Mechanotransduction - Introduction & Examples
Mechanotransduction - Whole Cell Analysis
Mechanotransduction - Nanoscale Analysis
Mechanotransduction - Mechanisms
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INTRODUCTIONS




Robert Hooke
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http://en.wikipedia.org/wiki/Image:Cork_Micrographia_Hooke.png
http://upload.wikimedia.org/wikipedia/en/f/f1/Hooke_Microscope-03000276-FIG-4.jpg

What are cells?

The basic functional units of life (composed of

numerous components with distinct mechanical
characteristics)

Origins:

Sea Urchin Mouse Seaweed



The Context of Cells

A

Proteins
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108-10°m

Cells — Tissue

Grains — Materials

Animate

Inanimate

Basic Unit of Living Things

Basic Unit of Metal and Ceramics

Composed of Proteins

Composed of Atoms

Defines structure-function of tissue

Defines structure-strength of material

Sensitive to temperature, radiation,
water, pH, nutrients, pressure, ionic
strength, osmolarity, hormones, etc.

Sensitive to temperature, radiation,
corrosion, loading




Organelles :: Subsystems

microtubule
centrosome with
pair of centrioles lar matrix
chromatin (DNA)
nuclear pore

nuclear envelope

vesicles
P

lysosome

actin <
filaments

peroxisome

ribosomes \
in cytosol

Golgi apparatus intermediate plasma membrane E endoplasmic mitochondrion
filaments reticulum




What is Ce_II Mechanlcs"
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Cell Mechanical Analysis

Diameter: 30-50 um (~3 um for bacteria)
Mass: 2-6 x 108 g
Young's modulus: 1 — 105 Pa (CSK: ~ 109 Pa)
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Cantlevet Surface force
apparatus
AFM
0.01 nN-100 nN
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Micropipette aspiration
0.01-1000 nN
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MTC: Magnetic twisting cytometry
MA: Micropipette aspiration

MM: Micromanipulation (compressive)
CP: Cell poking

AFM: Atomic force microscopy

MBR: Magnetic bead rheometry

MA MM CP AFM MBR
Experimental technique
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D Optical tweezers
0-200 pN

—
o
o

10



-2
7 SINS)
AL IS
NG SAY,
NG AV

VA

AN

A
N
N

»

AV
».
I\
\/
~
o

Sl

e
Y
A‘
\
"
A

AW
\ 7
AY,
\/

N
i
i
Val
\ /

VAVATAYAV,A YA

-
AW
A

Y,
A

Va3
W
AY,

a

v
"A'-4
YAV,

X

v
A
ATATAVAT LT

A
\

A
\/
AYAVAY,
/)
VATATAVA AT, VAT

X0
"\

AYAY,
INDS
vaYi

NJ
AVAYAY)

YAV
N
A

‘V-‘;“ N
L\
VAVAVAYAYA

AYAN TAVA
i

A

\YAYAVLVAY,

A
TAVAWAV.AY

NN
AY,
¥,
A
AV, v -
ISP

v,
7

(X
v

v

T
av,
Vo,

A
Y,
AYAY,

N b;- ¥,
>
Hw

va
A,
ALV, Q.

TS
v
S

aTh
\J
A, IS ‘5 X
A
A/
fﬂ:‘
A\
DG
AVAW
N

v
7
"
'/
AY,v,

i
v

-

2 gl

11



Role of Cell Mechanics

Conflicting mindsets:

Mechanics treats cells as a material with properties
that are time invariant

Mechanotransduction illustrates that cells are living,
changing entities that alter themselves in response to
mechanical stimuli

Conceptual Framework:

The mechanics of cells and their altered biological
functions are intrinsically linked.

What are the central structure-function relationships?
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Maintenance of Cell Shape

Cell function follows form
Cell types:

motor neuron
osteocyte

hair cell

adipocyte

rods and cones
endothelials
skeletal muscle
smooth muscle
RBC

lymphocyte
epithelial (separated)
fibroblasts

sperm and eqg cells

(Drawn to scale)
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Cell Migration
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Mechanosensing

Mechanosensation: Hair cells, touch-sensitive
Sensory neurons

Mechanotransduction: mechanical stimuli that
cause a biochemical response
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Mechanics of Disease
Tissue remodeling in response to stress

\ / J P
\ y Arterial Vessel

Monocyte  Lipoproteins

Y

Intima
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Active Cell Contraction

Myofibril

Aband I band
Dark band nght band

Bundle of
muscle fibers
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http://www.ebsa.org/npbsn41/pictures/sarcomere.gif
http://www.youtube.com/watch?v=ren_IQPOhJc

Tissue Engineering

Cell expansion and manipulation

Mechanical and
molecualr signalling
o

ﬂ Cell sourcing
o)

3
Cell seeding and
extracellular matrix
Xpression
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Morphogenesis
Cell Sl’la’pe & Migration Cuboidal
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Border cells

LD /

S . -

Squamous

dda

Columnar

Crosé section
of blastula

Gastrulation
Archenteron Cuboidal Migratory Columnar

. == __Endoderm
% Ectoderm
Blastopore =
Copynght & Pearson Education, Inc., publishing as Benjamin Cummings.




