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Mechanosensing v embryogenezi

Mechanicka sila je neviditelnou, ale vSudypritomnou soucasti

biologickych systému.

« Sily, jako je gravitace a osmoticky tlak, stanovuiji fyzikalni limity pro télni
plan. A zaroven, bunky embrya vyuzivaji tyto sily aby vytvorily slozité
tvary, které nachazime v zivocisneé risi.

» Mechanické sily generované zivymi bunkami na molekularni drovni maji
velky dopad na embryogenezi.

« Prfimym vysledkem pusobeni sily je pohyb, k némuz dochazi pfi separaci
chromozomu, migraci bunék nebo skladani tkani.

« Méné prfimym, ale stejné dulezitym u€inkem sily je aktivace
mechanosenzitivni signalizace, ktera umoznuje bunkam zkoumat jejich

mechanické okoli a komunikovat mezi sebou na kratké i dlouhé
vzdalenosti => mechanické sily jsou zpusobem komunikace




Mechanosensing in embryogenesis

a Shear F

Mechanically gated

Tensile or _]|ien channel

compressive F_

rPhysical matrix Matrix adhesion ligand

E
Stmss% Mechanical property
of the physical matrix

Strain

Mechanoresponsive
signalling

YAP and TAZ
Mechanotransduction F M

signalling
{ E _atenin)




Mechanosensing v embryogenezi

» Schopnost bunék ,vnimat® mechanickeé signaly a pretvaret je v
biochemicke signaly.
» Ajak/Cim ,vnima“?

» lontové kanaly

» Primarni cilium

> Integriny

» Cadheriny

» Cytoskelet Aktin/Myosin

» Notch

» Receptory rustovych faktoru



Mechano recepce v embryogenezi
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Na buriku pusobi mnoho mechanickych sil:
« Vnitfni: osmoticky tlak, kontraktility aktinu a myosinu
* Vnejsi: smykove napeéti, gravitace, natahovani
Sily jsou vnimany a interpretovany mechanosenzory
(adhezivni molekuly, iontové kanaly), které poté vedou ke

Zmene genove exprese.

To vede k reakci buriky -> zména morfologie buriky/tkané

Current Opinion in
https://doi.org/10.1016/j.ceb.2020.08.007 BIOlOgy






Mechanosensing v embryogenezi

— Cadherin/B-catenin -
gastrulace a indukce mezodermu

Drosophila embryo =

Link na predchozi prednasku
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V prabéhu gastrulace dochazi k pohybu bunék => pusobeni mechanickych sil.
Tyto sily aktivuji B-catenin drahu, ktera prispiva ke specifikaci mezodermu tim, ze aktivuje

expresi genu, které specifikuji mezoderm. S
https://doi.org/10.1016/j.ceb.2020.08.007 BIOlOgy




Mechanosensing v embryogenezi — Cadherin/B-catenin -
gastrulace a indukce mezodermu
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Mechanosensing v embryogenezi — Cadherin/f-catenin -
gastrulace a indukce mezodermu
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Mechanosensing v embryogenezi — Cadherin/f-catenin -
gastrulace a indukce mezodermu

Zablokovani gastrulacnich pohybu (genet., farmakol.) vede k inhibici mezodermalnich genldl — opétovnym
pusobenim mechanickych sil dochazi k zachrané fenotypu a expresi mezoderm. gen
Feedback pro signalni drahy.
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ARTICLE

Received 21 Jun 2013 | Accepted 24 Oct 2013 | Published 27 Nov 2013

Evolutionary conservation of early mesoderm
specification by mechanotransduction in Bilateria

Thibaut Brunet! ™", Adrien Bouclet'”, Padra Ahmadi!, Démosthéne Mitrossilis!, Benjamin Driquez!,
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Mechanosensing v embryogenezi — Cadherin/B-catenin -
gastrulace a indukce mezodermu
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Mechanosensing v embryogenezi — Cadherin/B-catenin -
gastrulace a indukce mezodermu
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Mezibunéény mechanosenzing a rust tkani - Hippo

Hippo nejen v regulaci velikosti

Drosophila

Plasma membrane
Mer

Cytoplasm i@

14-3-3
i ®

/ Nucleus

Yki on diap
— cycE
Sd bantam

Proliferation Survival

Mammals

Plasma membrane
NF2

\ MST  SAV1

\\\®l

MOB1

Cytoplasm i@

14-3-3
vap ®

/ Nucleus

YAP  on CTGF
— CYR61
TEAD ANKRD1

Proliferation Survival

14




Intercelularni tenze a rust tkani - Hippo

Tuhost ECM, hustota bunék, tlak cytoskeletu ovliviiuji lokalizaci YAP/Yki
Mol. Mechanismus je nejasny
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Current Opinion in
https://doi.org/10.1016/j.ceb.2020.08.007 BIO'Ogy

Differential proliferation rates generate patterns
of mechanical tension that orient tissue growth

Yanlan Mao1‘5, Alexander L Tuurnierz"r"‘,
Andreas Hoppe®, Lennart Kester',
Barry J Thompson* and Nicolas Tapon™*
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* Po oplozeni, savCi zygota b&€hem cca 4dni produkuje cca 100
bunék.
« Embryoblast (ICM): Oct4, Nanog, Sox2
* Trophectoderm (TE): CDX2
« Tyto faktory determinuji jednotlivé bunécné linie, jak ale
jednotliveé linie vznikly?

* Pozice blastomer v embryu. Rozdilna polarita a adheze bunék.
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Integriny

Regulation of genome organization
and gene expression by nuclear
mechanotransduction

Caroline Uhler" and G. V. Shivashankar?*
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Integriny
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Smykove sily

Mo shear stress Shear stress
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Smykove sily a vyvoj srdce

» Srdce zacina svUj vyvoj jako trubice a postupné se vyviji do podoby
vicekomorového aparatu.

» V prubéhu vyvoje ale neustale ¢erpa krev.

« Tlak krve vyviji smykoveé sily na endotelialni bunky.

* Smykoveé sily jsou vnimany endotelialnimi bunkami => ma vliv na jejich
usporadani a fyziologii.

Siage Cardiac crescant Linear heart tube Looped heart tube Mature heart

Human o g

development Day 15 Dy 20 Day 30 Day 40-birth

Mouse -

development ET.5 EdQ E10-12 El14-18

Hey events Myocyte dfferentiabon Bidirection contractions  Looping morphogenesis Conduction system
Migration to the midline Addition of SHF progenitors OFT saplation

Cushion formation Cushion remodeling

Meural crest addifion
Wentricular septation begins
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Smykove sily a vyvoj srdce

Influence of blood flow on cardiac development

Katherine Courchaine !, Graham Rykiel !, Sandra Rugonyi’

HBiomedical Engineering School of Medidne, Oregon Health & Science University, Portland OR, USA




Smykoveé sily a vyvoj srdce

» Shear stress
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Smykove sily a vyvoj srdce

Poruseni smykovych sil (geneticky, chirurgicky, zména viskozity) vede k porucham vyvoje chlopni

10 um
—

Vyvoj srdecCnich chlopni tedy zavisi na vnimani smykovych sil mechanosenzitivnimi kanaly v
endotelialnich burnkach, tim se urCi spravné misto pro vyvoj chlopné a aktivaci pFisIuézrgych
genda.




Smykoveé sily a vyvoj srdce

Intracardiac fluid forces are
an essential epigenetic factor
for embryonic cardiogenesis

Jay R. Hove* f, Reinhard W. Kdsterz, Arian S. Forouhar*,
Gabriel Acevedo-Bolton*, Scott E. Fraser} & Mm}e?a Gharib*




Smykove sily a vyvoj srdce
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Food for thought
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Beating heart on a chip: a novel microfluidic
platform to generate functional 3D cardiac
microtissuesy}

Anna Marsano,*? Chiara Conficconi,§2° Marta Lemme, §2° Paola Occhetta,?

Emanuele Gaudiello,? Emiliano Votta,? Giulia Cerino,? Alberto @@:laeuib and
Marco Rasponi*®



Labon
a Chip

Video related to research article ap-

pearing in Lab on a Chip

Anna Marsano, Chiara Conficconi, Maria
Lemme, Paola Occhetta, Emanuele Gaugielio;
Emiliano Votta, Giulia Cerino, Alberto Rgaaeill

and Marco Rasponi
“Beating heart on a chip: a novel micioltigie
platform to generate functional 3D cafciacmis
crotissues”

Read the article at

http://pubs.rsc.org/en/Content/ArticleLanding/2015/LC/C5LCO
1356A

31



Mechanickeé sily a morfogeneze

« Béhem vyvoje mechanické sily zpusobuji zmény ve tvaru, velikosti, poCtu
| pozici bunek, coz je doprovazeno zmenou genove exprese => dopad na
morfogenezi.

» vSechny tyto bunecné procesy, které vedou ke zmene tvaru tkane, jsou
urcitou formou sily mezi jednotlivymi burikami, bézné zprostredkovanou
adhezi mezi bunkami.

» Tato sila je generovana prostrednictvim:
» Aktinu
» Polymerizaci mirkotubult
» Osmotickym tlakem
» Molekularnimi motory - Myosin

32



Mechanosensing v embryogenezi — gastrulace a indukce
mezodermu

Forces in Tissue
Morphogenesis and Patterning

Carl-Philipp Heisenberg'* and Yohanns Bellaiche2*

TInstitute of Science and Technology Austria, 3400 Klosterneuburg, Austria
Anstitut Curie, CNRS UMR3215, INSERM U934, 75248 Paris Cedex 03 nce
*Correspondence: heisenberg@ist.ac.at (C.-P.H.), yohanns.bellaiche@tdtie.ir (Y.B.)
http://dx.doi.org/10.1016/j.cell.2013.05.008




Mechanickeé sily a morfogeneze

« Zmeény cytoskeletu jsou prenaseny na sousedici bunky a
ECM prostrednictvim propojeni cytoskeletu na adhezivni
molekuly, které zajistuji interakci bunka-bunka, bunka-
ECM (cadheriny, integriny).

« Aktin-myosin kontrakce a interakce zprostredkovana
cadheriny, jsou zakladni a evolucné konzervované
mechanismy, které generuji a prenaseji sily pro utvareni
morfogeneze (viz differential adhesion
hypothesis/equlibrium state v predasce ECM a bunécna
adheze — vSechny sily v rovnovaze, stav nejnizsi
energie).

Adherens
junction

Actin

Myoll
minifilament

Cortex
tension

Adhesion
tension

Figure 1. Self-Organization of Cells at Steady State Determined by
Actin-Myosin Contractility and Cell Adhesion

(A) Upon cell-cell contact, the contacting cells change their shape in response
to mechanical forces associated with actin-myosin contractility (green arrow)
and adhesion (blue arrow).

(B) In epithelial tissues, adhesive contacts and the actin-myosin network are
organized in belt-like structures at the apical domain of the cell. At steady
state, the arrangement of epithelial cells at their apex isB%termined by
actin-myosin contractility and cell-cell adhesion.



Mechanickeé sily a morfogeneze
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Mechanickeé sily a morfogeneze
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Mechanicke sily — diferenciace a proliferace bunek

» Schopnost bunék vnimat vnéjSi mechanicke sily ovlivhuje velikost a
architekturu tkane nejen zmenou jejich adhezivni a cytoskeletalni
organizace, ale také ovlivnénim jejich diferenciace.
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BONUS: Vibrational cues alter developmental timing

Agalychnis callidryas

+ Klade vajicka na listy, které se nachazeji nad vodou

* Normalni vyvoj trva 7 dni.

« V pfipadé utoku predatora dochazi (v ramci sekund!) k lihnuti larev, pokud
vajiCka maji za sebou cca 5 dni vyvoje.

» Signalizace napadeni vajiCek predatorem je prostrednictvim vibraci

» To vede k produkci enzymd, které narusuji obal

38




Wo embryos escape
rom danger?
"

R Kristina L. Cohen, Marc A
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BONUS: optogenetika

& | Published 2016




BONUS: optogenetika

How optogenetics works

.. and insert the DMNA into
specific neurons in the brain

protein from algae Take the gene for
f‘|-.'|i 1:h|spmtel ‘ l(;i'j!(‘i:lqii:

Meurons communicate by “firing” This is an electrical

ThIS protein is an ion channel thart signal created by opening & closing ion channels.
opens in response to blue light

-+
-L’L‘+ + So now you can cause
neurons to fire just by

flashing blue light! N

A light-sensitive

With the right combination of neurons, you can activate an
entire brain circuit to control specific behaviors (like movement)
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BONUS: optogenetika
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BONUS: optogenetika — vyvojova biologie

OFF

« Brzka aktivace -> zkraceni téla a kyklop
* Pozdni aktivace -> symetrie srdce
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BONUS: optogenetika

ARTICLE

doi:10.1038/nature20587

Gamma frequency entrainment attenuates
amyloid load and modifies microglia

Hannah F. [accarino’**, Annabelle C. Singer®**# Anthony I. Martorell?, Andrii Rudenko?, Fan Gao?, Tyler Z. Gillingham!,

Hansruedi Mathys!?, Jinsoo Seo3, Oleg Kritskiy L3 Eatema Abdurrob®?, Chinnakkaruppan Adaikkan!?, Rebecca G. Canter™3
Richard Rueda'?, Emery N. Brown'35¢ Edward S. Boyden®* & Li-Huei Tsail>7
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BONUS: organoidy pro studium vlivu fyzikalnich jevl na
vyvoj a fyziologii

» Organoidy jsou trojrozmérné zmens$eniny organu, které maji podobnou strukturu a
funkci jako dany organ
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BONUS: organoidy pro studium fyzikalnich jevu na vyvoj a

fyziologii

BRAIN ORGANOIDS
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BONUS:

Culture 10% FCS,
medium FGF and GSK3 inhibition Retinoic acid,
without FGF Taurine

tetinal pgmenied ephcRum Tormation Potoreceptor maturation







communications
biology

ARTICLE
Induction of inverted morphology in brain

organoids by vertical-mixing bioreactors

Dang Ngoc Anh Suong'?, Keiko Imamura'?3, Ikuyo Inoue'3, Ryotaro Kabai?, Satoko Sakamoto?,
Tatsuya Okumura®, Yoshikazu Kato® >, Takayuki Kondo'??, Yuichiro Yada"?, William L. Klein
Akira Watanabe? & Haruhisa Inoue ® "23.7% Brain Organoid

M) check for updates
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Zaver a otazky

Jak/Cim bunka vnima mechanickeé sily?

Uloha Cadherin( a IntegrinCi v mechano recepci? A jak funguje?
Signalni draha Hippo a vnimani mechanicke sily.

Jak smykové sily pusobi na vyvoj srdce?

Jak je dulezita mechanorecepce v prubéhu gastrulace
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