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Generalized Mechanotransduction
Cell an defined by cycles

* Mechanosensation
+* Mechanotransduction
* Mechanoresponse

Feedback in Response

* Initially, many signaling pathways can be activated
+ Signals integrate to control cellular functional response
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* If response is "*mechanical” (migration, contraction, etc.)

* Elicit 2" cycle of mechanotransduction




Exposed Cryptic Domains

CSK and ECM proteins have tandem-repeated sequences
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Force induces unraveling of proteins

* H* bonds define tertiary structure

* Mechanical stability depends upon frequency of H20 interactions
* Amino acid side chains can shield H* bonds




Force-Reqgulated Protein Activity

Force could be potent regulator of enzymes

Example: decreased Myosin ATPase turnover
with increased tension

Could conformation : :
Hill's Equation

strains increase . * | (v+b)(T+a)=h(T, +a)

activity of some Yy =T, /a

enzymes?

Enzyme

Relative Force (T/To)

Strained
Enzyme -0.5 0.0

Substrate I

Relative velocity (V/Vmax)




Mechanosensitive lon Channels
Stretchlion'channels are a physiological necessity

+ Safety valve in bacteria to large forces

* Mechanosensor in eukaryotic cells to small forces

MscL

Ba Membrane tension

. % A

Top view

titute
University of lllinois at Urbana-Champaign




Biotin-Avidin

Slip Bonds/Catch Bonds (strongest non-

covalent bond)

Lifetime

Slip bonds: force-reduced

average lifetimes

* Focal adhesions under tension
have high protein turnover

+ Sustained adhesion possible

through integrin clustering

Catch bonds: force-enhanced
average lifetimes

C Catch bond

Nl =0G--

Weak receptor-ligand bond Strong receptor-ligand bond

v i " av

Low force B High force




Internal and External Influences

Mechanosensing over time involves periodic
changes and responses

Subseconds Minutes—days

Structural Signal propagation Alteration of protein
reorganization from adhesion expression; adjustment

/ of cytoskeleton sites to the nucleus of cell functions

Adhesion site

Mechanochemical
signal conversion;
integrin clustering;
recruitment and
force-regulated
strengthening

of integrin-
cytoskeleton
linkages

Limited bond and
protein lifetime:
iterative sensing
and adjustment

Tension applied Integrin recruitment Matrix remodelling and

|:| Intracellular events to matrix causes and translocation; stretching; switching matrix
opening of recruitment of matrix functionalities by force;

|:| Extracellular events cryptic sites proteins; matrix assembly cellular response to altered matrix




eview of MEgggF

Part 1; Introductory
Building Blocks of Cells

L 2

Nucleus

Cytoskeleton

Adhesions

Nucleic Acids
(DNA and RNA)

Proteins

Glycans

dT, ri\, 1C, 1G, rUl
LEP S, TWY.V Hipids
Fuc, ic, . GalNAc, GIcNAC,
Neuic, Xyl, Kdn, Kdo, Ara, Araf, Col, Frc, Galf,
GalUA, GicLA, Hep, Leg, ManUA, FucNAc,
GalNACUA, ManNAc, ManNACUA, MurNAc,
PerNAc, QuiNAc, Per, Pse, Rha, Tal
Fa, G, Glpl, Pk, P1, Scl, Sphl, St

. Adhesion sites

Stressfiber

-ﬁ+

Retraction

Filopodium

Protrusion




Review of ME5ggF
Part 2: Cell Mechanical Analysis

L 2

Cell Poking

Micropipette Aspiration

Atomic Force Microscopy

Microrheology

Magnetic Twisting Cytometry

Optical Tweezers
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Microneedle

Ferromagnetic
Microbeads

Microbead

Photodiode
Detector




Review of ME59gF

AnaIWnd Modeling of Cell Mechanics

* Part 3: Modeling Cell Mechanics

* Discrete Systems
* Lumped Parameter Models
* Tensegrity
* Foams
* Flexible Polymer Networks

* Continuous Systems

* Simple Lipid Vessels
+ Soft Glassy Materials
+ Computational Models
* Passive Mechanical Properties
* Active Bio-Chemo-Mechanical Properties




Review of ME59gF
Part 4: Cellular Forces

* Silicone Wrinkling Membranes

Continuous Substrata

* Traction Force Microscopy

* Microdot Arrays

MEMS tools

* Horizontal silicon cantilever

* Vertical arrayed silicone posts




Review of ME5ggF
AnaIWnd Modeling of Cell Mechanics

* Part 5: Mechanotransduction
* Examples
* Hearing
* Touch sensitivity
* Whole Cell Studies
+ Stretch
* Shear Flow

* Nanoscale Studies

* Optical Tweezers
* AFM

* Mechanisms




What i |s Cell Mechanlcs7
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“The subject of.cell mechanlcs ehcon/p.asses a
wide raMge oressential cellular procestes, ”
rarbgmg frém_macroscopicevents like the
mairmtenance of cell shapé& &ell moftility, =~
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events sueh-@s how cells sense mechanical
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