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» Soucasna klasifikace zakladnich typu tkani

Na zakladé morfologickych a funkénich znaku

Epitelova

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

Svalova

Nervova

o \ Obsahuji myofibrily = schopnost kontrakce

Derivat mezodermu - KS, myokard, mezenchymu - HS

| Vyjime&né& ektoderm (napt. m. sphincter a m. dilatator pupillae)

Neurony a neuroglie
Pfijem a prenos elektrického vzruchu
Derivat ektodermu, vyjimeéné mezenchymu (mikroglie)

Pojivova

Dominantni pfitomnost extracelularni matrix
Vazivo, chrupavka, kost, tukova tkan
Derivat zejména mezenchymu




Obecna charakteristika svalove tkane

Muscle types Activity

= Unikatni cytoarchitektura

=31 Strong, quick
/| discontinuous
voluntary

= Excitabilita a schopnost kontrakce |
: contraction

" Mesodermalni pavod

Nuclei

Cardiac muscle i
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Svalova tkan AN Sotinious
: W@l involuntary

= Kosterni G

= Srdecni

* Hladka T Weak, slow




Kosterni svalova tkan



HISTOLOGIE KOSTERNI SVALOVE TKANE

— Slozeni tkané: svalové bunky, vazivo, inervace, vaskularizace

— Unikatni cytoarchitektura — velké mnohojaderné bunky = svalova vlakna
(rhabdomyocyty)

— Dlouha osa bunék je rovhobézna se smérem kontrakce
— Specificka terminologie:

e bunécna membrana = sarkolema

e cytoplasma = sarkoplasma

e sER =sarcoplazmatické retikulum

e Svalové vlakno — mikroskopicka jednotka kosterni svalové tkané
e Myofibrila — mikroskopicka jednotka svalovych vlaken
e Myofilamenta — vlakna aktinu a myosinu

Skeletal muscle Cross sections




Svalova tkan nejsou jen svalové bunky

Tendon

— vazivovy obal

— odolnost & biomechanika

— Endomysium — kolem kazdého svalového vlakna

— Perimysium — sekundarni svazky; septa
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Blood Endomysium
vessel

— Epimysium — kolagenni vazivo kolem svalového
svazku ® perimysium

Fascicie
(wrapped by

— fascia — husté neusporadané kolagenni vazivo pormysium)

Cogyrgt © 2007 Benjamin Cummings. an imprnt of Addson Wesley Longman, Inc,

-mysiums
(connectve tissue coats of a skeletal muscie)

_ [ endomysium epimysium
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skeletal muscle fiber | .

endo - mysium

peri - mysium

epi - mysium

perimysium




VAZIVO KOSTERNI SVALOVINY

tendon's
extracellular
matrix
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ORGANIZACE SVALOVE TKANE

Tendon

(cell)
(a)

Perimysium
Blood Endomysium

Fascicle
vessel

(wrapped by
perimysium)

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







ULTRASTRUKTURA RHABDOMYOCYTU

Svaloveé vlakno = syncitium = rhabdomyocyt

Svalové vlakno — morfologicka a funkéni jednotka kosterniho svalu [ 25 — 100 um]
Myofibrila — kompartment uvnitf svalového vlakna [@ 0.5 — 1.5 um]

Sarkomera — nejmensi kontraktilni jednotka [2.5 um], sériové uspofadana v myofibrily

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

Nucleus

Sarcolemma Sarcoplasm

Myofibril

Muscle Fiber B ,
1 IC Hamen
F‘Iament(s) (thick pink line)
FaSCiCle = One Sacromere Thm Filam_ent
[ > (thin grey line)
= 7

| band A band Iband
(to next thick filament) (to next thick filament)



ULTRASTRUKTURA RHABDOMYOCYTU

Sarkolema + t-tubuly = T-tubuly

=P terminalni cisterna
€ mitochondrie

Sarkoplasma:

Jadra

Mitochondrie
Golgiho aparat,
Glykogen (B granules) sarkolema
Sarkoplazmatickeé retikulu
(hladké ER) — rezervoar Ca?

Myofibrily (paralelné s
dlouhou osou svalového

) myofibrily
vldkna)

tubuly + cisterny seR



KLASIFIKACE KOSTERNICH SVALU

e Myosin heavy chain (MHC) type | and Il

- spefické metabolické a kontraktilni parametry; inervace
* Twitch type

- rychla vs. pomala
* Fiber color

- cervena vs. bila

* obsah myoglobinu

* obsah glycogenu
» energeticky metabolismus

e vydrz

ot mATPase (pH 10.5) 4



Properties

Type | fibers

Type lIA fibers

Type lIX fibers

Motor Unit Type

Slow Oxidative (SO)

Fast Oxidative/Glycolytic (FOG)

Fast Glycolytic (FG)

Fast

Fast

Twitch Speed Slow
Twitch Force Small Medium Large
Resistance to fatigue High High Low
Glycogen Content Low High High
Capillary Supply Rich Rich Poor
Myoglobin High High Low
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 High Medium-high Low

http://en.wikipedia.org/wiki/Skeletal_striated_muscle



MYOFIBRILY

— protahlé cytoskeletarni struktury [@ 0.5 — 1.5 u] v sarkopazmé svalového viakna

o = = = 31 Muscle fiber or cell Transverse
Myofibril L h ar sections
W G line Z line

sarcomere

Actin Myosin
(thin filaments)|(thick filament)
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— Aktin + myosin - myofilamenta
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SARKOMERA

Sarcolemma

S — — — — — i — —
B e e e — - p—

Mitochondrion
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Thin (actin) filament

Thick (myosin) filament

| |
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I |
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Copynght © 2004 Pearson Education, Inc., publishing as Benjamn Cummings.



SARKOMERA

Thick filarments
(myosin)

hin filaments
(actin)
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SARKOMERA
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SARKOPLAZMATICKE RETIKULUM

uiolpe 0L 2iqy JO AdBMNS 0L

Terminalni cisterna

S du

Terminalni cisterna
T-tubule TRIADA

* komunikujici membranové kompartmenty oddélené od sarkoplazmy
* terminalni cisterny (“junkce”) a longitudinalni tubuly (“L” systém).

e T-tubuly (“T” systém ) invaginace sarkoplazmy



SARKOPLAZMATICKE RETIKULUM

S yofibrils

~Aband

I Band

Z line

~ Nucleus




Sarcolemma

Glial Cell

Endomysium o REHEA, AR N 1 ol e« ‘ ,_~Motor End
NG . fins ' R Plate

~— Synaptic
esicles

Sarcoplasmicg
Reticulum =

Terminal =
Cisterna

Transverse
Tubules N

Sarcolemma

Myelin
Axon of Sheath
Motor Neuron

©Udo Savalli






< MYOFILAMENTA

ra

' Thin (actin) filament
filament

" Thick (myosin)




TENKA MYOFILAMENTA

* Fibrilarni aktin (F-actin)

G-actin

ATP-binding pocket

Lovty o

X Cofilin “

Positive
end

* 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



TLUSTA MYOFILAMENTA

* Myosin Il

molekuldrni motor _
, , .. Actin Light
ATPazova aktivita ATPase binding cimaits)
1+
tfi strukturni a funkéni domény S'T ( ZATP
Heavy R receptor
Light meromyosin
meromyosin (HMM) . /
v« r— (LMM)
l_____. ._‘_y_._v K", o r (Globular)
N
H - - = N Rod- llk
—_ N e ‘° 8/
Heavy chains
* Nebulin
- 600-900kDa z z
- stabilizace F-aktinu Nebulin Nebulin
e Titin
- >MDa

- stabilizace myosinu



MECHANISMUS KONTRAKCE

The Cross Bridge Cycle. (only ane myosin head 15 shown for clarty

tFick Wamert -

TR ﬂ, 1,
: attac ptac renwer
thin izt ent
ADF‘+F‘| ATF
The Rowng Cycle
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Mechanismus kontrakce

ke wheE

)

o 0N

15.

16.
17.
18.

Impuls podél axonu motorneuronu

Depolarizace presynaptické membrany (Na* influx)
Synaptické vezikuly splyvaji s presynaptickou membranou
Acetylcholin uvolnény do synaptické stérbiny

Acetylcholin difunduje k postsynaptické membrané a vaze se

na receptory

Depolarizace postsynaptické membrany a sarkolemy (Na*
influx)

Depolarizace T-tubul(l a termindlnich cisteren sER
Komepletni depolarizace membrany sER

Uvolnéni Ca'™* z sER do sarkoplazmy

. Ca'*se vaze na TnC
11.
12.
13.
14.

Troponinovy komplex méni konformaci

Tropomyosin uvolfiiuje vazebna mista aktin-myosin
Globularni ¢asti myosinu se vazi na aktin

ATPasa globularnich ¢asti myosinu se aktivuje a generuje
energii z ATP—ADP + Pi

ADP a Pi se uvolnuiji, globularni ¢asti myosinu posouvaji
aktinova myofilamenta k centru sarkomery

Sarkomera se kontrahuje (I-prouzek a H-zéna se zkracuiji)
Myofibrily se kontrahuji

Svalova vlakna se kontrahuiji

NEUROMUSCULAR JUNCTION




http://highered.mheducation.com/sites/0072495855/student viewQ/chapterl0/animati
on breakdown of atp and cross-bridge movement during muscle contraction.html



http://highered.mheducation.com/sites/0072495855/student_view0/chapter10/animation__breakdown_of_atp_and_cross-bridge_movement_during_muscle_contraction.html

NEUROMUSKULARNI SPOJENI

Motor neuron

Action
potential

Axonal terminal

Sarcolemma

1 Myelinované axony

2 Neuromuskularni spojeni
3 Kapilary

4 Jadro rhabdomyocytu

Nucleus
(a)

Copyrght @ 2001 Banjamin Cummings, an imprint ol Addison Weslay Longman, Inc.
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Voltage-gated ¢
Na* channel

Voltage-gated

j 2+
Smocth ER Z & Ca®* channel

Membrane is
reclaimed as

a= clathrin coated
—3 'CHOLINE vesicle
R Choline _

acetyltransferase

Synaptic
cleft

Acetylcholine
receptors



MYASTHENIA GRAVIS
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Botulotoxin
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KOSTAMERY

Spojeni myofibril se sarkolemou

dystrophin-associated glycoprotein (DAG) complex

* spojeni cytokeletu s ECM
* integrita svalového vlakna

Myofibrils

vinculin

talin
actin

| Wf ycan
complex

dystrophin
actin




Extracellular matrix

Sarcolemma

Cytoplasm

Sarcospan

Y
..‘.O nNOS binding sites

ﬂ. ‘.Q. Dystrophin

02 8 Laminin 2

v1
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B1
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Sarcoglycan vid/c ; Dystroglycans
complex

Syntrophins

C000c-e

a-Dystrobrevin

Nature Reviews | Genetics



DUCHENNEOVA MUSKULARNI DYSTROFIE

Normal Translation

i &N &
wv» ?-/ ? \»'mm

Functioning
Protein

Incomplete Translation
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Ataluren-Facilitated Translation
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Healthy father

b

Xy XX
Heaalthy son Healthy daughtar
(noncarrier)

Healthy mothar

(Garmer)
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HISTOLOGIE SRDECNI SVALOVE TKANE




HISTOLOGIE SRDECNI SVALOVE TKANE

dlouhé, protahlé bunky — kardiomyocyty

vétveni do tvaru X, Y

jednojaderné, vyjimécné dvoujaderne, poCetné mitochondrie

myofibrily

slozité mezibunécné spoje — interkalarni disky.




kardiomyocyty kapilary
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SRDECNI x KOSTERNI SVALOVINA

— didda vs. tridda (1 T-tubulus + 1 vs. 2 termindlni cisterny)
— T-tubuly v oblasti Z linii (kosterni v misté A prouzku)

— Uplna zavislost srdecni svaloviny na aerobmim metbolismu
— pocetna granula glykogenu a lipidovych inkluzi

— pocetné mitochondrie v sarkoplasmé a rezerva myoglobinu




INTERKALARNI DISKY

— ,skalariformni“ tvar bunék

— fasciae adherentes (adhezni spoje)

— nexus (gap junction)

Fasciae adherens

Plasma membranes of adjacent Desmosome
cardiac muscle fibers

Gap junction Action
potential

© Brecha'Coln - Thamasn Lasmisg Intercalated disc



INTERKALARNI DISKY s o G

— -

nexus fascia adherens



MYOFIBRILY KARDIOMYOCYTU

e Aktinova a myozinova myofilamenta
e Sarkomera

e Z-linie

e M-linie a H-z0na

* |-prouzek a A-prouzek

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

Z-disc «+——— Sarcomere ——— Z-disc
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PURKYNOVA VLAKNA

* vnitrni vrstva srdecnich komor

A& node  AVbundle
(bundle of His)

e koordinace kontrakce

e pocetné iontové kanaly, mitochondrie

* relativné malo myofibril

Left/right bundle branches

Lumen of Ventricle



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

* Natriureticky peptid A (ANP, atridlni
natriureticky peptid)

e kardiomyocyty srdecnich sini

* vazodilatace, diuréza
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HLADKA SVALOVA TKAN

Longitudinal
layer of smooth

Circular layer
of smooth muscle



HLADKA SVALOVA TKAN

* Bunky (leiomyocyty) tvori vrstvy - napr. stény dutych organt

. YT
] Muscle cell \ ® \ .". \ s o
Q\ \ % 3
¥ Q ~ , O
Nucleus % \ , R \ S .
L R
‘\ Y \\\ ‘ S
Smooth muscle cells é \ v, 2
== in cross-section b \ \ X \ X SN o
% A 3 Y \ ) H 1
\ ) - ‘ ‘ & .
~ T

Podélny fez >



HLADKA SVALOVA TKAN

— vretenovité bunky
— myofilamenta nejsou usporadana do myofibril (neni zihani)
— 1 jadro uloZené centralné

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

— sER tvori pouze tubuly
— ionty Ca jsou pfrijimany z vnéjsiho prostredi
— bunky spojeny pomoci zonulae occludentes a nexusl

— calmodulin

— kaveoly jsou funkcéné
ekvivalentni T-tubulim

Caveoli

— iontové (Ca) kanaly

— kontakt s sER

Sarcoplasmic
reticulum

FIG 10-2 £/M OF SMOOTH MUSCLE




HLADKA SVALOVA TKAN

Contracted

Dense bodies

Intermediate
hlament

Thick Famert
Thin hlament

Mermbirone
dense aren

Dense bady

Mechanicol junction
couphing celly

Gap wnchon lor
eloctrical and
rrucd communicahon




HLADKA SVALOVA T

Synapses Nerve fibers

Multiunit Smooth Muscle

Varicosities

Nerve fiber

Single-unit Smooth Muscle



HLADKA SVALOVA TKAN
e

[ Galmodui ]_L -

[lnactiva myosin kinase

ADPD

: Phosphorylated myosin
[ e pyosh ] [ (can bind with actin) ]
Intracellular Ca?*
- concentrations increase Smooth muscle Skeletal muscle
m when Ca? enters cell
Cn" ——» Ca?* and is released from Muscle axcitation Muscie excitation

sarcoplasmic reticulum. l ‘

Rise in cytosolic Ca'* Rise in cytosolic Ca®™
? Ca?* binds to (mostly from extracebutar (ontiraly from mn,a

calmodulin (CaM). Nuid) sarcoplasmic

Inactive l ‘
B Ca?—calmodulin ; Physical reposiioning of

Active Senes of biochemical events b

activates myosin light
MLCK a)

o chain kinase (MLC
?‘\\‘

ADP + ii b
ive myosin

MLCK phosphorylates In thick flament
light chains in myosin
heads and increases

Inactive myosin

ATPase myosin ATPase activity.
al cross bridges bridges
Active myosin l 1
crossbridges slide
along actin and create Contraction Contraction

muscle tension.




HLADKA SVALOVA TKAN

Inactive state
(light chains not phosphorylated)

Myosin light chains
Myosin ‘) -
heavy chains

Myosin light /'_ ad
chain kinase \
ap
Active state

(light chains phosphorylated)

Actin-binding = -

site

\Myosin tail
released



SHRNUTI

Kosterni svalova tkan

Srdecni svalova tkan

Bunky silné, dlouhé, véalcovité, | velké, valcovité, malé, vietenovité
nevétvené vétvené
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

méne pravidelné sER,
myofibrily nevzdy

méneé pravidelné sER,
myofibrily nejsou

zfetelné vytvoreny
T tubuly mezi A-l prouzky, triady | Z linie, diady nejsou vytvoreny
Motor end plate | vytvorena neni vytvorena neni vytvorena
Volni kontrola ANO NE NE

Dalsi znaky

svazky, asociace s
vazivem

interkalarni disky,
pracovni a vodivé
kardiomyocyty

svazky, kaveoly




EMBRYONALNI VYVO!J

Wnt4
Wnt6
c ) SE Wnt7a

Midline

Bmp4

Early somite

Dorsal
A Claudal

Medial :4—) Lateral
1

Rostral A\
Ventral

CSH

PERSPECTIVES

Limb bud

Rostral i)
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REGENERACE >
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Myoblasts
Satellite cell Myoblasts fuse

1 to form a skeletal
- muscle fiber

= R

Satellite cell

Muscle fiber

Motor
neuron

Myonucleus

. Z

v —~ Basal lamina

Blood vessel
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REGENERACE  cnsionic  satetieean ~ myobiast

Progenitor

Quiescent Commited

Y 4

Pax3* Pax7* Pax7*
Pax7* Myf5*

Myogenin* a-actinin*




Adult cells v

* Genes inserted to
induce reprogramming
Oct4, KIf4, Sox2, c-Myc

b

Reprogram into
ES like-cells

@ iPS cells

https://www.youtube.com/watch?v=b1WD564sjWw



https://www.youtube.com/watch?v=b1WD564sjWw

TKANOVE INZENYRSTVI
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https://www.youtube.com/watch?v=ay0fIASNGik



https://www.youtube.com/watch?v=ay0fIASNGik
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