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SOUCASNA KLASIFIKACE TKANI

» Na zakladé morfologickych a funkCnich znaku

Kontinualni, avaskularni vrstvy bunék s riznou funkci,
orientovanych do volného prostoru, se specifickymi
mezibunécnymi spoji a minimem mezibunécného
prostoru a ECM

Derivaty vSech tfi zarodecnych listu

Epitelova

| Aktivni zména morfologie bunék

.. Unikatni usporadani cytoskeletu - schopnost

_ kontrakce

1l i 4 Derivat mezodermu - KS, myokard, mezenchymu - HS

Svalova

Neurony a neuroglie
Prijem a prenos elektrického vzruchu
Derivat ektodermu

Nervova

Dominantni pritomnost extracelularni matrix
-+ Vazivo, chrupavka, kost, tukova tkan
Derivat zejména mezenchymu

Pojivova




OBECNA CHARAKTERIS

* Unikatni cytoarchitektura Klasifikace svalové tkané na
= Excitabilita a schopnost kontrakce ~ zakladé stavby svalovych bunek
» Mesodermalni ptivod | architektury celé tkane

Kosterni svalovina
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SVALOVA TKAN

SVALOVA TKAN



TERMINOLOGIE KOSTERNI

— Slozeni tkané: svalové burky, vazivo, inervace, vaskularizace
— Unikatni cytoarchitektura — velké mnohojaderné bunky = svalova vlakna (rhabdomyocyty)
— Dlouha osa bunék je rovnobézna se smérem kontrakce

— Specificka terminologie:
* bunéfna membrana = sarkolema
» cytoplasma = sarkoplazma
» SER = sarkoplazmatické retikulum

» svalové vlakno — mikroskopicka jednotka kosterni svalove tkané
« myofibrila — mikroskopicka jednotka svalovych vlaken
« myofilamenta — vlakna aktinu a myosinu

Skeletal muscle Cross sections




KOSTERNI SVALOVA TKAN




KOSTERNI SVALOVA TKAN _
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HISTOLOGIE KOSTERNI SVALOVE TKA_
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ORGANIZACE KOSTE
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Muscle fiber
(cell)
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ARCHITEKTURA SVALOVE TKANE
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I A Letter ﬁom Mr Anthony va“ LccuwcnhOCk _:::‘ @ You have access Letter
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| almoft rottcd and {o was not ﬁt for my purpofe. if I remember right, the Flefh Particles
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KOSTERNI SVALY TVORI

Svalové vlakno = syncitium = rhabdomyocyt
— morfologicka a funk¢ni jednotka kosterniho svalu [ 25 — 100 um]
Myofibrila — cytoskeletarni kompartment uvnitf svalového viakna [ 0.5 — 1.5 um]

Sarkomera — nejmensSi kontraktilni jednotka [2.5 um], sériové usporadané v myofibrily

Myofilamenta — aktin a myosin [ 8 nm a 15 nm], uspofadané v sarkomery




ULTRASTRUKTURA RHABDO

Svalové vlakno = syncitium = rhabdomyocyt

— morfologicka a funkéni jednotka kosterniho svalu [ 25 — 100 um]

Myofibrila — cytoskeletarni kompartment uvnitf svalového viakna [ 0.5 — 1.5 um]
Sarkomera — nejmensSi kontraktilni jednotka [2.5 um], sériové uspofadané v myofibrily

Myofilamenta — aktin a myosin [@ 8 nm a 15 nm], uspofadané v sarkomery

svalové brisko
kost . (hlava)

- cévy

L N yofibrila
20Ea —svalové
Yacha . o 8%/ tkan
" K/ Thick Filament
J ¥ , (thick pink line)
: : One Sacromere Thin Filament
: svalove | | (thin grey line)
vazivova blana snopec vldakno / — —
— povazka e
| H zone I |
| band A band | band

(to next thick filament) (to next thick filament)
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ULTRASTRUKTURA RHAB

=% T-tubuly
=P terminalni cisterna
<> mitochondrie

Sarkolema + t-tubuly .

Sarkoplazma:

Jadra

Mitochondrie
Golgiho aparat,
Glykogen (B granula)

sarkolema

Sarkoplazmatické
retikulum

(hladké ER) — rezervoar
Ca2+

myofibrily

Myofibrily (paralelné s
dlouhou osou svaloveho -, -
vlakna) K

3 2 Triad 4 4 5 tubuly + cisterny seER



FYZIOLOGICKA KLASIFIKACE KOS

« Kosterni svaly maji rizné fyziologické parametry

- ruzné izoformy proteint kontraktilniho aparatu
- vyuziti kysliku
- vaskularizace

- obsah glykogenu

« Pomala oxidativni

* Rychla glykolyticka

* Rychla oxidativné-glykolyticka



FYZIOLOGICKA KLASIFIKACE KOSTERNICH SVALU
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FYZIOLOGICKA KLASIFI

Properties

Motor Unit Type

Twitch Speed

Slow Oxidative (SO)

Fast Oxidative/Glycolytic (FOG)

Type lIX fibers

Fast Glycolytic (FG)

Twitch Force

Resistance to fatigue

Glycogen Content

Capillary Supply

Myoglobin

Red Color

Dark

Dark

Pale

Mitochondrial density

High

High

Low

Capillary density

High

Intermediate

Low

Oxidative Enzyme Capacity

High

Intermediate-high

Low

Z-Line Width

Intermediate

Wide

Narrow

Alkaline ATPase Activity

Low

High

High

Acidic ATPase Activity

Medium-high

Low




MYOFIBRILY

— protahlé cytoskeletarni struktury [@ 0.5 — 1.5 um] v sarkoplazmé svalového vilakna

Muscle fiber or cell Ti'a nsverse

Myofibril 8 sections
% line Z line
sarcomere
= Actin Myosin
fors (thin filaments)| (thick filament)\ myosin
_____ —— {5y A Bwar

« Myofilamenta aktin + myosin a dalSi proteiny

» Sarkomera

— Z-linie
Thick Thin
— M-linie a H-z6na ”’i l
. ® o
— |-prouzek, A-prouzek Nr <3 @ L e

e'eo’e Sarcomere
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MYOFIBRILY
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SARKOMERA

Sarcolemma

—— e — —— —

Mitochondrion

(b) Dark Light Nucleus P b
Aband |band ST e

_-=" Zdisc H zone Z disc N

Thin (actin) filament

Thick (myosin) filament

| |
| band A band I band M line
] I

:4— Sarcomere —>:
I I

(c)

Copynight @ 2004 Pearson Education, Inc., publishing as Benjamin Cummings.



SARKOMERA

Thick filarments
(rmyosin]

hin filaments
(actin)
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SARKOMERA
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SARKOPLAZMATICKE RET!I
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Termindlni cisterna
T-tubule TRIADA
Termindlni cisterna
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* sER: komunikujici membranové oddily oddélené
od sarkoplazmy
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* Terminalni cisterny (“junkce”)
* Longitudinalni tubuly (“L” systém).

X

* Transversalni tubuly (“T” systém )
= invaginace sarkolemy
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SARKOPLAZMATICKE

A band

- I Band

Z line

Nucleus




SARKOPLAZMATICKE R

Mitochondrion

— Myofibril

— Sarcoplasmic
reticulum

Terminal
cisternae

" — Sarcolemma

T-tubule

I-band A-band I-band

Sarcolemma
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Courtesy Dr. Pachernik, Faculty of Science MU



SARKOPLAZMATICKE RE

Sarcolemma

Glial Cell

Motor End
Plate

—-Synaptic
esicles

Sarcoplasmicg
Reticulum °

Terminal
Cisterna

£

Transverse ;’
Tubules <

Sarcolemma

Axon of
Motor Neuron

©Udo Savalli



MYOFILAMENTA

Thick (myosin)
filament

T | |
| balmd A band | band M line
~«—— Sarcomere —|



KONTRAKTILNI APARAT -

* Fibrilarni aktin (F-actin)

a Profilin
‘ ‘ G-actin
Q Q tATP-binding pocket
® O |
Gelsolin
Cofilin
ARP2/3 £
Positive
end

F-actin

* Tropomyosin

* Troponin — komplex 3 globularnich proteind
* TnT (Troponin T) — vaze tropomyosin
* TnC (Troponin C) — vaze kalcium

* Tnl (Troponin |) — inhibuje interakci mezi tenkymi a
tlustymi myofilamenty

Head-to-tail
overlap



KONTRAKTILNI APARAT - T

* Myosin i
- molekularni motor
- ATPazova aktivita

Ve V4 v V4 7 7 v v 7 v v 7 Vé 4 ATPaSE Sit'& {L1+L2}
- tfi strukturni a funkéni domény (lehké a tézké retézce, globularni hlavicka) A | ATP
Heavy - receptor
Light meromyosin
meromyosin (HMM)

(LMM) S-1

' N (Globular)

S-2
\ (Rod-like)

Heavy chains




KONTRAKTILNI APARAT -

Z disk [
i helps Z disk
align actin. M line Actin
* Nebulin

- 600-900kDa RO E IR0 FE TR SRR TR
- stabilizace F-aktinu
- urcuje délku sarkomery

 Titin (konektin)
- >MDa
- stabilizace myosinu

- elasticky
y provides e
elasticity and yosin

stabilizes myosin.

* a-aktinin
Z-linie
vazba aktinu



KONTRAKTILNI APARAT - PR

a Costameres Costameres
Integrins Integrins
Sarcolemma TT TT
€D TFARD
Desmin

N\ 4 | Calpaind
| R
-filamin: ‘ Ny

Myotilin \\

e Stavba sarkomery je slozita a jeji poruchy , :
jsou spojeny s radou myopatii r r r

: PKCs
CapZ W

Obscurin

< oPsx.‘tIn
My MAFbx/Atrogin1

' I-band

Nucleus




MYOFILAMENTA TVORI
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MECHANISMUS KONTRAKCE

The Cross Bridge Cycle. (only ane myosin head 1s shown for clanty)

H ilEE |i|EI'TIE| IE — :E:\J‘: — —
bid ———

e A . Teta H' fecoy er
m e - -
thin filament N

ADP+F ATF

The Rowng Cycle
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MECHANISMUS KONTRAKCE

1. Impuls podél axonu motoneuronu

2. Depolarizace presynaptické membrany (Na* influx) .
3. Synaptické vezikuly splyvaji s presynaptickou " v ; NSUROMUSCILAR JONCTION

membranou " '
4. Acetylcholin se uvolnuje do synaptické stérbiny g

. . . .0 ;v ; = Node of Ranvier
5. Acetylcholin difunduje k postsynaptické membrané a :
v , , IR , . Schwann cell

vaze se na své receptory, které oteviraji Na kanaly — muyelin mombranes
6. Depolarizace postsynaptické membrany a sarkolemy p

(Na* influx)

Axon
Depolarizace T-tubul(l a terminalnich cisteren seR

7

8. Kompletni depolarizace membrany seR

9. Uvolnéni Ca'* z sER do sarkoplazmy

10. Ca'"*se vaze na TnC

11. Troponinovy komplex méni konformaci a uvolfiuje
vazebna mista aktin-myosin

12. Globularni ¢asti myosinu se vazi na aktin sarcoplas

13. ATPasa globularnich ¢asti myosinu se aktivuje a generuje S gy
energii z ATP—ADP + Pi T-tubulg

14. ADP a Pi se uvoliuiji, globuldrni ¢asti myosinu posouvaji
aktinova myofilamenta k centru sarkomery

15. Sarkomera se kontrahuje (I-prouzek a H-zéna se zkracuiji)

16. Myofibrily se kontrahuji

17. Svalova vlakna se kontrahuiji

dendrite synaptic knob

synaptic vesicles

neurotransmitters

myofibril







NEUROMUSKULARNI SPOJEN

Motor neuron

Action
potential

Axonal terminal

Sarcolemma

of the
s \musje fiber

(a) /"\ : 2
S Myofibrils

Copyright @ 2001 Banjamin Cummings, an imprint of Addison Weslay Longman, Inc.

1 Myelinované axony

2 Neuromuskularni spojeni
3 Kapilary

4 Jadro rhabdomyocytu



NEUROMUSKULARNI SPOJENI




NEUROMUSKULARNI S

Voitage-gated¥> @
Na* channel
V Voltage-gated
@ 7 Ca?* channel

Smooth ER

Membrane is

: S reclaimed as
— clathrin coated
Choline

acetyltransferase *

@ -

Synaptic
vesicle

Synaptic
cleft

Acetylcholine
receptors
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NEUROMUSKULARNI SPOJE

MYASTHENIA GRAVIS

Qﬁ-a. ® e a\;?‘/ p——

" - _Sodiumions - ‘. i
Acetylcholine .;:T” e

protilatky proti ACh receptoru
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o e

Kurare

Synaptic vesicle
Synaptic knob

Mitochondrion

eS|
'[ Synaptic cleft

Postsynaptic membrane

Protein receptor ‘
(i LEb G S S

O Curare Acetylcholinesterase
o N

blok ACh receptoru/Na*kanalu



NEUROMUSKULARNI SPOJ

BOTULOTOXIN

Clostridium botulinum

FOREHEAD
CREASES

%\ Acetyicholine

2\ (ACh) in e o

CHIN
~ WRINKLES

blok syntézy a vylouceni ACh



KOSTAMERY

* Spojeni myofibril se sarkolemou
» Serazeni myofibril
* |. dystrophin-associated glycoprotein (DAG) complex
* |l integrin-vinculin-talin complex
* spojeni cytoskeletu s ECM
* integrita svalového vlakna

Myofibrils

collagen
type IV
merosin
glycoproteins
focal adhesion
coslamere vinculin
talin
actin
intermediates filaments
1 sarcoglycan
desmin complex
dystrophin
actin




KOSTAMERY

merosin = laminin =2 (o2, B1, y1)
basal lamina
cell membrane

TlTlTlTlTlTlTlTlTlTlTlTlTlTlTlTlTlT l?

B1 || a7 |integrin| PB4 o7

lTlTlTlTlTlTlTlTlTlTlTlTlTlTl TlTlTlTlTlTlTlT@ lTlTlTlTlTlTlTlTl

talin &

‘ ! paxillin

sg = sarcoglycan
dg = dystroglycan
bg = biglycan

syn = syntrophin

F-actin




KOSTAMERY

Costamere Connective tissue or other myofibres
s arcolemma ==
e Fell membrane) S Integrin
—— > = == Tt -
i @ = ” - e
Nucleus )
= \\“r} e o e Integrin

{ - 18 . - -~
i (1 E W\ & )
) 3 | -

) " L -
itin S~ | ——=00) 3

Hun 44— ({ \ C r
£/ 7 : ~—) i 'Myosin §'

& e R ©) : ( .

L—" D ﬂﬂl ) ')m ]
‘}\ I I T)t Mitochondrion I'“J'-—mrer—Z—disk bridge 2
T T e 4
E]
[a]
: 3

Sarcomere

Myotendinous junction

Nature Reviews | Molecular Cell Biology

Extracellular
costameric

Costameric
transmembrane
receptor proteins

Cytoskeletal Cytoskeletal

connections 2z connections

from Z-line to nes between Z-lines
membrane Myofibriis

‘costameres’

DOI: 10.1002/bies.10098



KOSTAMERY

ENDOMYSIUM

' G# Collagen |, 111V, IX, and XI (fibrillar)
DGCOﬂn 'pu!lu:vlvpuullvl"llllilvvulyluvu
AV ARRRRRRURERRRRRRURERRRRENRNADN
,'l ‘5;
‘BREERERERRERRRER 4 ll"!,',ﬂll!"
‘lh-ollllhlltll‘ﬂl'Illl“‘;‘lllll

Fibrillin

. = fihitatiti O
Elastin 3~ L & &% Collagen VI
%, > T i o == (non-fibrillar)
Flbullﬂ Laminln'z g E . ~. iy X" - ‘(, )
i ;l
' ) Tenascin-C
Collagen XV and XVIIl %, >
(multiplexins) %

D, 1€NASCIN-X

" WSSSSSSSESSSS |

Collagen IV
& (non-fibrillar)
(O Eiititel o
Collagen IV § g - Fibronectin
(non-fibrillar) g€ & 5 A A K

Integrin Collagen Xl and XVII g‘;

(transmembrane)

SARKOPLAZMA



KOSTAMERY

Extracellular matrix

Sarcolemma

Cytoplasm

Actin filaments

. nNOS binding sites
ol
~.... Dystrophin

= 0.
000-0

a2 & Laminin2
= OO

B1

’}'x‘

Sarcoglycan 1p[ci) ;. Dystroglycans
complex

v\
S{vip]la ke

Sarcospan

O0000-@

Syntrophins

o-Dystrobrevin

Nature Reviews | Genetics



KOSTAMERY

DUCHENNOVA MUSKULARNI DYSTROFIE

Healthy father  Healthy mother

(carmer)
Xy ] XX
i I T
% ) i i ﬁ o ﬁ
Xy XX XX Xy
Healthy son Healthy daughter Healthy daughter  Son with Duchenna
(noncarrier) (carrier) Muscular Dystrophy
(DMD)
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SVALOVA TKAN NEJSOU JE

— vazivovy obal

— odolnost & biomechanika

perimysium —

epimysiu

— fascia 4 husté neusporadané kolagenni vazivo kolem

svall afsvalovych skupin, nerva, cév

-nmysiums

endo - mysium

peri - mysium

epi - mysium

endomysium 4 kolem kazdého svalového vilakna
gekundarni svazky; septa

kolagenni vazivo kolem svalovu

Tendon

E um
o Endomysium

(betwaen

(a)

Perimysium
Blood Endomysium

Fascicie e

(wrapped by
perimysium)
Copymgit © 2007 Berjamin Cummings. an impant of Addson Wosley Longman, Inc

endomysium epimysium

perimysium




VAZIVO KOSTERNI SVALOVI
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VAZIVO KOSTERNI SVALOVIN

tendon's
extracellular
matrix

\

Myotendindzni prechod (spojeni)




MYOTENDINOZNI PR

Collagen 1,111, V,1X, and X (fibrillar)

Fibrillin

(non-fibrillar)

Collagen IV
(non-fibrillar).

Collagen Xill and XVII
transmembrane]




PROPRIORECEPTORY

. Tendon
organ

Golgiho Slachova téliska

- myotendindzni spojeni

- senzitivni nervova zakoncCeni mezi
kolagennimi viakny

- zmény napéti

- utlumeni motorické nervove aktivity

Svalova vieténka

zména protazeni svalu
modifikované perimysium

tenka svalova (intrafuzalni) vlakna
senzitivni nervova zakonceni
reflexy, koordinace svalovych skupin







SVALOVA TKAN

SRDECNI| SVALOVA TKAN

Cardiomyocytes
Moving to the Beat

CellCartoons.net



SRDECNI SVALOVA TKAN
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OBECNA CHARAKTER

* pricné pruhovana
» cytoarchitektura je podobna kosterni svalové tkani

* srdecni svalova tkan ma strukturni i funkéni specifika




HISTOLOGIE SRDEC

* dlouhé, protahlé bunky — kardiomyocyty

e vétvenidotvaruX, Y

e jednojaderné, vyjimécné dvoujaderné, pocetné mitochondrie
* myofibrily

* slozité mezibunécné spoje — interkalarni disky.




HISTOLOGIE SRDE
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ULTRASTRUKTURA KARDIOMYO
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SRDECNI x KOSTERNI SVALOVINA

Kardiomyocyty Rhabdomyocyty
Bunky jednojaderné mnohojaderné
Jadra centralné periferné
T-tubuly Z linii A prouzek
sER diady triady
Spoje interkalarni disky myotendindzni spoje

— Uplna zavislost kardiomyocytd na aerobnim metabolismu
— pocetna granula glykogenu a lipidovych inkluzi

— pocetné mitochondrie v sarkoplazmé a rezerva myoglobinu




INTERKALARNI DISKY

,Skalariformni“ tvar

— nexus (gap junction)

— fasciae adherentes (adhezni spoje)

Interkalarni disk

desmosom

mitochondrie

interkalarni disk

myofibrila

vyusténi
T-tubult

kardiomyocyt

interkalarni disk

=
:o — S o3 ) -
g T R A
’0 &‘r d" v -
! intercalated disc
CELLY mitochondria

Desmosome

Plasma membranes of adjacent
cardiac muscle fibers

Gap junction Action
potential

Intercalated disc

© Brooks/Cole - Thomson Leaming



INTERKALARNI DISKY

fascia LAY oty
> e W % o8
g i s L
R i

Fascia
adherens

Desmosome

Gap junctions




INTERKALARNI D

Z-disc M-line Intercalated disc

Cell 1 Cell 2

Costamere y
H zone

Sarcomere
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MYOFIBRILY KARDIOMY

e Aktinova a myozinova myofilamenta
e Sarkomera

* |-prouzek a A-prouzek

e Z-linie

* Me-linie a H-zdna

e T-tubulus + 1 cisterna = diada (v oblasti Z-line)

Z-disc «+——— Sarcomere ———— Z-disc



MYOFIBRILY KARDIOMYOCYTU

SARCOLEMMA-_ T-TUBULE

oY
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-----
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. SARCOPLASMIC
= RETICULUM:

S~ ——CISTERNA
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PURKYNOVA VLAKN

AVnode  AVbundle
(bundle of His)

* vnitrni vrstva srdec¢nich komor
» koordinace kontrakce
« pocetné iontové kanaly, mitochondrie

* relativné malo myofibril

,Srtrky pfisedé, poloupriihledné, aZ na brdéckovité svaly

vystupujici, ano i po tramcich pres zahyby prestupujici. |
ustanovil jsem se podle pohledu vnéjsiho co zplsob svalovy je  teftiightbundie branches

povaZovati.”

Lumen of Ventricle

= Purkinje Fibers (LX) —
- (Modified cardiac muscle fibers)

_y. 5 R

- Myocardiu
(Cardiac Myocytes)

S~


http://upload.wikimedia.org/wikipedia/commons/3/31/Purkinje_fibers.jpg

PURKYNOVA VLAKNA

.

, b - i '
> , N e
edceﬁorqﬁ Je. lab/purkinje_fiber.
. & :



ATRIALNI KARDIOMY

* Natriureticky peptid A (ANP, atrialni
natriureticky peptid)

e kardiomyocyty srdecnich sini

* vazodilatace, diuréza




SVALOVA TKAN

BLOOD
VESSELS

h L RESPIRATORY
= TRACT

ALIMENTARY H LA D KA,
CANAL SV A L ’OVV A
UTERUS T K A N




HLADKA SVALOVA TKAN
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HLADKA SVALOVA TKAN

* Bunky HS = leiomyocyty
e vrstvy - napf. ve sténdch dutych orgdni a cév

= ‘ ) ‘ - '
- |___——Muscle cell -.\ o S S ‘ \ \\ % \\ ‘\ : \ s
v '\ RN
l——Nucleus \ ) 8 A
. ‘\ -\\\ ‘ %
\ \ ‘e \ ‘
Smooth muscle cells 3 \ NN \ \ - "
in cross-section b A % . \ L :‘ i
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Transversalni fez , e
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HLADKA SVALOVA TKA

* Bunky (leiomyocyty) tvori vrstvy - napr. stény dutych organu a cév

Arteriola T M E tenkého stFeva

HAR TR

Motta PM [ed]: Ultrastructure of Smooth Muscle. Norwell, MA, Kluwer Academic, 1990



HLADKA SVALOVA TKA

— vietenovité buriky
— myofilamenta nejsou usporadana do myofibril (neni zihani)
— 1 jadro ulozené centralné

— aktinova filamenta pfipojena k sarkolemé fokalnimi adhezemi nebo denznim téliskiim (dense
bodies - analoga Z-lini v sarkoplasmé)

— SER tvofi pouze tubuly

— ionty Ca jsou pfijimany z vnéjSiho prostredi

— bunky spojeny pomoci zonulae occludentes a nexusu
— calmodulin

— kaveoly, funkéné
ekvivalentni T-tubulim

— iontové (Ca) kanaly

— kontakt s sER

Sarcoplasmic
reticulum

FIG, 10-2 E/M OF SMDOTH MUSCLE




HLADKA SVALOVA

Intermediate
filament

Thick filament
Thin filament

Membrane
dense area

Dense body

Mechanical junction
coupling cells

Dense bodies \ .
Gap junction for

electrical and
chemical communication

Contracted
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HLADKA SVALOVA TKAN
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HLADKA SVALOVA TKA

' 4

icni arterie, somiyo

Somlyo AV: Smooth muscle structure and function. In Fozzard HA et
al [eds]: The Heart and Cardiovascular System, 2nd ed. New York, Raven

Press, 1992.

7

ép

Hladka svalova burnka mal

AP,

https://basicmedicalkey.com/smooth-muscle/
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HLADKA SVALOVA TKA

Synapses Nerve fibers

* Individualni (neurogenni) inervace a kontrakce
Multiunit Smooth Muscle * Svaly v dychacich cestach, cévy, iris

Varicosities

Nerve fiber

* Propagace AP myogenné pres gap junctions

*  Bunky se funkéné chovaji jako syncytium
(koordinovana kontrakce)

* Visceralni HS, GIT, déloha, mocovy méchyr

Single-unit Smooth Muscle

Simplifikace! VZdy se jednd o kombinaci regulacnich faktor(



HLADKA SVALOVA TKAN

ECF Ca?*
00
~ Sarcoplasmic et

reticulum o

:ﬂ

Ca? —> Ca?

91(

Caz*

Inactive
MLCK e
Active

ATP MLCK

N

.. ADP + iiﬁ

Inactive myosin Active myosin
ATPase

Actin

Increased
muscle
tension

@© Brooks/Cole - Thomson Learning

[ Calmodulin ]—L>[ Ca?*-calmodulin ]

Intracellular Ca?*
concentrations increase
when Ca?* enters cell
and is released from
sarcoplasmic reticulum.

Ca? binds to
calmodulin (CaM).

Ca?*—calmodulin
activates myosin light
chain kinase (MLCK).

MLCK phosphorylates
light chains in myosin
heads and increases
myosin ATPase activity.

Active myosin
crossbhridges slide
along actin and create
muscle tension.

ﬁnactive myosin kinase

Dﬂ

[ Inactive myosin

Phosphorylated myosin
(can bind with actin)

\C—)

Uncontracted State

Contracted State



HLADKA vs. PRICNE PRUH

CARDIAC CONDUCTION @ @ @ SMOOTH MUSCLE CONTRACTIO

T TUBULE

TROPOMYOSIN

4mmmm ACTIN

MYOSIN FILAMENT \ /

<4mmm MYOSIN HEAD

STRIATED MUSCLE CONTRACTION



SHRNUTI

Kosterni svalova tkan

Srdecni svalova tkan

Hladka svalova tkan

Bunky silné, dlouhé, vélcovité, | velké, valcovité, malé, vietenovité, ve
nevétvené vétvené vrstvach
Jadra pocCetna, na periferii 1-2, centralné 1, centralné

pomeér filament
(tenka:tlusta)

6:1

6:1

12:1

sER a myofibrily

pravidelné usporadané
SER kolem myofibril

méneé pravidelné sER,
myofibrily ne vzdy

méneé pravidelné sER,
myofibrily nejsou

zfetelné vytvoreny
T tubuly mezi A-l prouzky, triady | Z linie, diady nejsou vytvoreny
Motoricka ANO NE NE
ploténka
Volni kontrola ANO NE NE

Dalsi znaky

svazky, asociace s
vazivem

interkalarni disky,
pracovni a vodivé
kardiomyocyty

svazky, kaveoly,
denzni téliska




EMBRYONALNI VYVOJ




EMBRYONALNI VYVOJ

Neural crest
Dorsal ectoderm

Dorsal medial
lip
oSS
ﬁﬁ’ Wntd
R\
"“é"a,:‘ Wnt6

5.
":x/ Wnt7a

Neural
tube

Sclerotome =0T T

_/ Syndetome . st

Ventrolateral lip

Notochord
TRENDS In Cell Biology



EMBRYONALNI VYVOJ

Wnt4

Wnt6
c i) _SE Wnt7a

Midline

Bmp4

Early somite

Dorsal
A Claudal

Medial :4-—) Lateral
1

Rostral Y
Ventral

ey

PERSPECTIVES

| Peec® |

Limb bud

Rostral i)



SVALY TRUPU

Midline

Claudal

Rostral

ii) Limb bud

Rostral

ectoderm

neural crest

neural
tube

2
sclerotome g
i

v

hypaxial
muscles

notochord

Mezizeberni svaly

Y Bmp4

5
Mecf%'—-) Lateral

1

Y

Spinokostalni

Early somite

Dorsal
Claudal

Ventral

Hluboké zadové svaly

svaly

Povrchové vrstvy zadovych svall —
koncetinovy putvod



SVALY TRUPU

Epaxial
muscles -

Hypaxial
muscles

Deep intervertebral
muscles

Long muscles of back

Dorsal ramus
of spinal nerve

Ventral ramus
of spinal nerve

Three layers
of abdominal
muscles

Rectus
abdominis
muscle



SVALY KONCETIN

Head

15s

Forelimb
level

25s

Hindlimb
level

30s

Mesenchymal

differentiation to
constituent tissue

Zone of
proliferation

7/

Apical ectodermal
ridge

Zone of
polarisating activity




PRUNE BELLY SYNDROME

*V/ - Vertebral anomalies

* Absence abdomindlnich sval(l *A - Anorectal malformations

* Chyba specifikace hypaxialnich sval(i C - Cardiovascular anomalies
. . ) T - Tracheoesophageal fistula

* Asociace s VACTERL a aneuploidemi *E - Esophageal atresia

*R - Renal (Kidney) and/or radial anomalies
L - Limb defects

Vertical
Septum

Skin

Epaxial
Mu.scles

Horizontal

Septum Hypaxial

Muscles
Vertebra




HISTOGENEZE SVALOVY
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REGENERACE KOSTERNIHO SVALSTVA _

Sateliite cell Myoblasts fuse
to form a skeletal
muscle fiber

e

JE—. .

Satellite cell
Muscle fiber

[ " ——

Motor
neuron

Myonucleus

= —
<‘/ >

b
)

Basal lamina

CSH




REGENERACE KOSTERNI

Embryonalni progenitory  Satelitni bunky Myoblasty Myocyty Myotuby

2.4

Pax3* Pax7* Pax7*
Pax7* Myf5*

esmin*
MyoD* MyH*
Myogenin* a-actinin*




DIFERENCIACE IN VITRO

Adult cells v

‘ Genes inserted to
induce reprogramming
Oct4, Kl1f4, Sox2, c-Myc

Reprogram into
ES like-cells




TKANOVE INZENYRSTVI

a b c
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https://www.nature.com/news/artificial-

https://www.nature.com/articles/nbt.2269 iellyfish-built-from-rat-cells-1.11046



pvanhara@med.muni.cz http://www.histology.med.muni.cz/
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