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Contraction des muscles

Muscle myosine, actine, sarcomere,
physiologie force vitesse longueur



Les difféerents types de muscle _

Skeletal Muscle

Cardiac Muscle

Smooth Muscle

Location

Appearance

Cell Shape
Nucleus

Special Features
Striations
Autorhythmic
Control

Function

—
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Long, cylindrical
Multiple, peripheral

Yes

No

Voluntary

Move the whole body

Branched

Usually single, central
Intercalated disks
Yes

Yes

Involuntary

Contract heart to propel blood
through the body

Walls or hollow organs, blood vessels,
and glands

-—

Spindle-shaped

Single, central
Cell-to-cell attachments
No

Yes

Involuntary

Compress organs, ducts, fubes,
and so on
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Contraction muscle squelettique de grenouille : vidéo
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Physiclogy of frog muscles contraction

59,820 views * Nov 1, 2012 ifg 361 ®loz P SHARE =i SAVE ...

https://www.youtube.com/watch?v=nU61egBVsqU



Muscle lisse, video Cantilever (glasfber)
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Structure hierarchique du muscle

Perimysium Endomysium
Epimvsium (surrounding . .
(rﬁuswyslar fascia) muscle fibers) Zdisk Zdisk

Myofibrils

Muscle fiber /
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Sarcomere
|

Cross-bridge

M line

_____ Myosin myofilament Titin
| iti
= \
Z disk Z disk
(d)
A Heads
Tropomyosin / Troponin 5 \

Myosin molecule

Attachment
site
(e) Actin myofilament (thin) (f) Myosin myofilament (thick)
(enlarged to show detail)
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Tallles: la myosine prp——
et les filaments Myosin ATPase site
de myosine 2nm ]

Heads

K
(a) Myosin molecule

Cross bridges

Myosin molecules

(b) Thick filament
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Etat relaxé et contracté du sarcomere

| I A 1 | | ' A
(b) Fully contracted sarcomere

a) Relaxed sarcomere

(@) § ¢ : In a contracted muscle, the A bands, which are equal to the length of the
In a relaxed muscle, the actin and myosin myofilaments overlap slightly, myosin myofilaments, do not narrow because the length of the myosin
and the H zone is visible. The sarcomere length is at its normal resting myofilaments does n;at change, nor does the length of the actin

length. As a muscle contraction igs initiated, actin myofilaments slide past myofilaments. In addition, the ends of the actin myofilaments are pulled to
the myosin myofilaments, the Z disks are brought closer together, and the and overlap in the center of the sarcomere, shortening it and the H zone
sarcomere begins to shorten. disappears.



Séquence excitation nerveusecontraction

Sarcoplasmic
reticulum

Sarcolemma

o An action potential travels along an axon membrane to a neuromuscular junction.
0 Ca®* channels open and Ca®* enters the presynaptic terminal.

o Acetylcholine is released from presynaptic vesicles.

o Acetylcholine stimulates Na* channels on the postsynaptic membrane to open.

9 Na* diffuses into the muscle fiber, initiating an action potential that travels along the
sarcolemma and T tubule membranes.

o Action potentials in the T tubules cause the sarcoplasmic reticulum to release Ca®*.

o On the actin, Ca2* binds to troponin, which moves tropomyosin and exposes myosin
aftachment sites.

© ATP molecules are broken down to ADP and P, which releases energy needed to
move the myosin heads.

0 The heads of the myosin myofilaments bend, causing the actin to slide past the
myosin. As long as Ca®* is present, the cycle repeats.



Mecanisme de
generation de force
par le couple
aCtIne'myOSIne (1) Myosin head attaches to the actin

myofilament, forming a cross bridge.
Thin filament

‘@5 Thick filament

R
Mﬂrﬂ'r-l*l‘

(@ As ATP is split into ADP and P,, the myosin (@ Inorganic phosphate (P,) generated in the

head is energized (cocked into the high-energy :r“ﬂimu mmhw
» pivots and bends as it pulls on the actin filament,

sliding it toward the M line. Then ADP is released.
Hydrolyse 1 ATP : W = RO
5Aad0FyOS RQdzy LI &
W=dxF

A F ~ 1QNpar pas

(3) As new ATP attaches to the myosin head, the link between
myosin and actin weakens, and the cross bridge detaches.



Physiology

Add
acetylcholine
to trigger

contraction

tension behavior

Sarcomerestate

||

Total force

Developed tension (N)

yiBua| paxy

- Active force

-
T

Passive
force

(elasticity)

Sarcomere length (UM)

http://muscle.ucsd.edu/musintro/contractions.shtmi



Forcevelocity relationship

Passivdengthening> Passivelengthening:_ activeshortening
y activeshortening Foree 4 NO globalshortening
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The forcevelocity relationshipis valid for any cell, not just muscle !

Forfibroblastcell
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Migration cellulaire
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Mass of filaments

Un autre mécanisme de génération de force: ! )
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(1) protrusion at the (2) formation of focal (3) ECM degradation
eactin edge adhesions

(5) detachment of the
trailing edge
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Filament Moteur moléculairecorrespondant
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myosin V

Couple
actomyosine vu

/
motor head
domains

25 nm
Actin filaments (also known as microfilaments) are two-stranded helical
polymers of the protein actin. They appear as flexible structures, with a
diameter of 5-9 nm, and they are organized into a variety of linear bundles,
two-dimensional networks, and three-dimensional gels. Although actin
filaments are dispersed throughout the cell, they are most highly
concentrated in the cortex, just beneath the plasma membrane.

Wl T ¢ il b

MICROTUBULES
i | Important pour le
motor head
el d mouvementdes
s chromosomes
lors de lamitose,

| pour letransport
W | de cargos
intracellulaires

motor head
domains

25 nm
Microtubules are long, hollow cylinders made of the protein tubulin.
With an outer diameter of 25 nm, they are much more rigid than actin
filaments. Microtubules are long and straight and typically have one
end attached to a single microtubule-organizing center (MTOCQ)

called a centrosome.
| Micrographs courtesy of Richard Wade (i); D.T. Woodrow and R.W. Linck (ii); David Shima (jii); A. Desai (iv).




Les cellules exercent des forces sur le substrat pour migrer

Cellulessurun filmeélastiquefin le font plisser
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Force mapping in epithelial cell migration
Olivia du Roure, Alexandre Saez, Axel Buguin, Robert H. Austin, Philippe Chavrier, Pascal Siberzan, and Benoit Ladoux

Silicone rubber substrata: a new wrinkle in the study of cell locomotion, AK Harris

et al.




Quantification de la force de migration: microscopie a traction de force
A

TRACTION FORCE

call elastic
oo PAA gel
eSS a s |
M : : : : : "N
fluorescentbeads  relaxed state Cancercellsdevelophigher
M : : i 3 i e - contractile forces promoting
B L ——— Plectin +/+ migration tumor invasion)
*
A Force vs. Stiffness: Breast Cancer ,
e on cancéreuse
: | EMDAMBZM b - .
Traction force ll 4 non-cancéreuse | §&':°.
higher on stiff BHE
_ = 300 - © $Iig
substrate(like = _ — g5
for muscle: B — : 1 28
hlgh IOad) we - — 'g ;é%é
o | i 2 8ag¢
1 : 1 0 - : - - 8 8255
EIaS“Clty Kpa MCF7 MCFT+DFMO MCF10A MCF10A+DFMO


https://pubs.rsc.org/en/content/articlehtml/2017/nr/c7nr06284b
https://pubs.rsc.org/en/content/articlehtml/2017/nr/c7nr06284b
http://orcid.org/0000-0002-8184-3995
http://orcid.org/0000-0002-8689-7810
http://orcid.org/0000-0003-2529-7106
http://orcid.org/0000-0002-1726-3275
http://orcid.org/0000-0002-8184-3995
http://orcid.org/0000-0002-8689-7810
http://orcid.org/0000-0003-2529-7106
http://orcid.org/0000-0002-1726-3275

Elasticité de la cellule et des tissus



Elasticité, loi de Hooke

Force (F)

Contrainte(Pa)
Stress=F/A=0

Déformation(no unit)

Lo| Ly Strain = (Ly - Lo¥Lg =

Elastic (Young) Modulus E (Pa) . 'T‘ on arréte

\ deti
n E: / . / etirer

= contrainte nécessairgour
doublerlalongueurR Q dzzftériau

Réponse
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E =constantecaractéristiquedu matériauaux petitesdéformation




Elasticityvalues

Common materials In the body
Material Youngs s (ﬁﬁ%} e
Modulus g @9 zﬁ (1000-1500) Bowis
/GPa __ﬁg : - (15000-20000)

Mild Steel 210 051 o A A

Copper 120 s)

Bone 18
Plastic 2 1 : _
1 5 10 50 1000 10000 20000
Rubber 0.02 Elastic modulus (kPa)




Making mapsof cell & tissueelasticity. the atomic force microscope

position sensitive photodetector (a photodiode) ~EXample Youngmodulusmap of of intestine

& scanned cell surface &

400 Pa
laser beam

e cantilever cantilever with ore
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DOI 10.1007/s12668-016-0191-3

Piezoelectric crystals allow for naresolution —
displacement of cantilever in XY plane and Z



How to measuremicro-picoNewtonforces: cantilevers rficroleviers
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Spherepressedagainsta plane: Hertz model of indentation

Résultatde lamécaniquedesmilieuxcontinus

The applied force F'is related to the displacement d by [“]

4 1 2/ ,
F:§E R2d> (1_1; )

AN

Poisson modulus
( 0.5 for water ~ cells)

Force not linear with
indentation in this
situaton

g (indentation)




Cancercellsare softer than normal cells

AFM Deflection Image

Elastic Modulus Map

No Stimulation
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Temporal Cytoskeleton Rearrangements that Determine
Subcellular Mechanical Properties and Endothelial

Permeability, Sc. Rep. 2015

M. Lekka, BioNanoSci. (2016) 6:651 80

DOI 10.1007/s12668-016-0191-3
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Active:resistiveactomyosinenetwork

Components otell stiffness

a
WM266-4

Passive component: water filled balloon

Cytochalasine
D inhibits actin ENYIEER cyto D

WM266-4 + cyto D

b B virat11s
15 B vM115 + cyto D
B /12664

B \/M266-4 + cyto D

~\

WM115 WM266-4



But cancertumors are known to be stiffer than surroundingtissue
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Figure 10. a: breast elastography. An adenocarcinoma appears stiffer in the elasticity image and darker in the ultrasound image; b:
second elasticity image of the same lesion [25].

A Interstitial fluid pressuredf exposé)

? :
Why A Extracellular matrix of tumors
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The extracellular matrix (ECM)lestissussont X tissés

(e) Collagen molecules
(tnple hehcas)
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(d) a-chains

A Tissues are composed of cells embedded in a
matrix of protein fibers

A Collagen is the main component of ECM:
25% to 35% of the wholbody proteincontent !

A Other ECM molecules : hyaluronic acid,
elastin,lamininetc.
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Smoothmuscle andcollagenare in the stromasurroundingtumors
and makeit stiff

a-Smooth Muscle Actin Expression in Tumor and

Stromal Cells of Benign and Malignant Human
Pigment Cell Tumors

A Smoothmuscle:we expecttumorsto have
| N ‘ _ N spontaneouscycliccontractility
Hidekazu Tsukamoto, Yutaka Mishima, Kazuhito Hayashibe, and Akihiro Sasase

Department of Dermatology, Kobe University School of Medicine, Kobe, Japan



Phénomenesnécanobiologiques



Cellsare sensitive to tissue &ubstratetopograhy Fiolede culture

cellulaireclassique

Anoikis
exceptnon-adherentcells(leucocytes; globules rouges) 20 nm
or bacteria cellsneedto attachto substrateto survive grooves

Cellsare sensitive to :
A Substratecopography, curvature homogeneous substrate
A Surfacechemistry

(metal, plastic,bone, coatingetc.)
A Elasticity(Youngmodulug
A 2D vs 3D
A Substrateporosity (3D- hydrogels)

biomaterial engineering

Cancer cellsan survive without substrate:

o i Corneakpithelialcell(Teixeira et al. 2003, QellScience)
anoikisresistance



