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| Pohyb v bunce je mozny diky
cytoskeletu.




Pohyb celych bunék zajistuje
cytoskelet => bez cytoskeletu
neni aktivni pohyb




Cytoskelet

plasma
membrane
Masma membrane - , |
P ~ microfilaments
Rabosomes — : ) ‘
< ;‘é mitochondrion
Rough joz '
cndoplasmid 'J‘Ql
weliculum g TR ;
% i intermediate
microfilaments - WAY .
intermediate ’ s FARS ', endoplasmic
filaments microtubules 4 reticulum
| ﬂ, microtubule
3 typy filament 26 oo




Figure 2-27 ® Internal structure of cilia and flagella.
(a) Schematic diagram of a cilium in cross-section show
characteristic “nine plus two” arrangement of microtubu
with the dynein arms and other accessory proteins. (b) E
micrograph of numerous cilia in cross-section.

(Source: Adapted from Molecular Biology of the Cell, Fig. 10-27, p. 565 by Bruc

Dennis Bray, Julian Lewis, Martin Raff, Keith Roberts, and James D, Watson. R
permission of Garland Science/Taylor & Francis Books, Inc.)
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Mikrofilamentarni (aktinova) struktura stfrevniho mikroklku -
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http: http://reasonandscience.heavenforum.org/t2141-the-dramatic-cellular-morphology-of-the-microvillar-cytoskeleton
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Améboidni pohyb a uloha mikrofilament
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MUSCLE consists of cells full of strands called myofibrils, which
are in turn made up of contractile units called sarcomeres. The
key components of sarcomeres are two filamentary proteins,
actin and myosin. These protein molecules slide over one another
telescopically as the sarcomere contracts and uncontracts.

BUNDLE OF FIBERS
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Svaly vyuzivaji bunécného pohybového aparatu. Pohyb svalt a tedy i
celych zivocichU je mozny diky usporadané stazlivosti
spolupracujicich bunék.



TFi typy svalu

Cardiac muscle cell

Skeletal muscle cell

Smooth muscle cell

TADAM.

Neplati u vSech zivocichu:

U mékkysu pouze hladka svalovina.

U hmyzu pouze zihana.

obratlovci

Cirkulace

Lokomoce

Vnitrni rizeni



Stavba kosterniho svalu

Prouzkovani kosterniho svalu.
Myofibrily tvori svalové vlakno.
Cytoplasma vyplnéna cytoskeletem.
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Stavba kosterniho svalu .
Mitochondrie (sarkozomy) a

sarkoplasmatickeé retikulum
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Animace/Svalová struktura a kontrakce/Structure 1.swf

Stavba myosinovée fibrily

Myosinové hlavy
maji dve vazebna
mista. Jedno pro
ATP s ATPazovou
aktivitou, druhé
pro aktin.

(@) Myosin molecules of a thick filament
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Animace spoluprace aktinu a myozinu

Spoluprace mnoha mustkl — molekularni déje

Molekularni organizace sarkomery


Animace/Svalová struktura a kontrakce/CrosslinkMany 5.swf
Animace/Svalová struktura a kontrakce/Sarc 3.swf

Stavba myofibrily
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Elastic elements
[sometric contraction are stretched.

N The muscle
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length.

Cross brld ges active

Elastické elementy umoznuji izometrickou kontrakci



Typy stahu

— B. Types of contractions

lzometricka a izotonicka
kontrakce /

"-.____..-/\______________/
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Typy stahu

Nejvetsi silu u izometrické kontrakce ma sval
uprostred delky sarkomery

C. Isometric muscle force relative to sarcomere length
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Typy stahu

Nejvetsi silu u izometrické kontrakce ma sval
uprostred delky sarkomery

Maximum tension developed when
muscle fibers were set to ensure optimal

overlap of thin filaments with myosin
cross-bridges.
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Odpojeni myosinu Cyklus stahu a uloha ATP

od aktinu vyZaduje
transient state.
Myosin
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Animace/Svalová struktura a kontrakce/Crosslink 4.swf
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Sprazeni excitace a kontrakce kosterniho svalu

\

The action potential
in a motor neuron
triggers exocytosis
of ACh.

R T
Acetylcholinesterase
(AChE) in the extra-

% Action potential
cellular matrix of the

/ Motor neuron
\ synaptic cleft

\ \ AChE hydrolyzes ACh to
\ terminate the action
potential.

Ligand-gated channels
bind ACh and open.
The net inward move-
ment of Na* initiates
an action potential.
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Sprazeni excitace a kontrakce kosterniho svalu
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Sprazeni excitace a kontrakce kosterniho svalu

Nervosvalovou ploténku muze zablokovat:

Kurare, hadi jedy — kompetitivni inhibice
receptord
Pesticidy — blokada AChE

Botulin — rozpad proteint vezikuldrni exocyt.
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Sprazeni excitace a kontrakce
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@ Acetylcholine released by

axon of motor neuron @ Action potential generated

crosses cleft and binds to in response to binding of

receptors/channels on acetylcholine and subsequent

motor end plate. end plate potential is @ Action potential in T tubule

: propagated across surface triggers Ca2+ release from
Terminal button membrane and down T tubules sarcoplasmic reticulum.
of muscle cell.

~ Surface membrane
of muscle cell

Acetylcholine-

Acetylcholine ~ gated cation
channel

Lateral

sacs of g
sarcoplasmic
reticulum

@ Calcium ions ’
Tropomyosin  Troponin Ca2+ released from
lateral sacs bind
to troponin on
actin filaments;
leads to
Cross-bridge binding  tropomyosin
being physically
Myosin cross bridge moved aside to
uncover Ccross-
bridge binding
sites on actin.

@ With Ca2+ no longer bound
to troponin, tropomyosin slips
back to its blocking position over
binding sites on actin;
contraction ends; actin slides back
to original resting position.

® Ca2+ actively
taken up by
sarcoplasmic
reticulum when
there is no longer @ Myosin cross bridges attach to actin and bend,
local action pulling actin filaments toward center of
potential. sarcomere; powered by energy provided by ATP.
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FIGURE 20.15 Vertebrate skeletal muscles
consist of many different, independent
motor units An action potential in the motor
neuron of one motor unit stimulates an action

Motorické ]Ed nOtky d potential and contraction in all of the muscle
d v s 7z h fibers it innervates. Varying the number of active
odstu pnovani stahu - motor units varies the amount of tension pro-

duced by the whole muscle.

prosto rova sumace
Spinal cord

Gastrocnemius
muscle of frog leg

V pracujicim svalu se zapina
vice ¢i méné motorickych

Motor neurons
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Druhy kosterni svaloviny

U savcu existuji tfi typy :

* typ | (pomalad)— kona vytrvalostni aerobni praci (obsahuje
hodné myoglobinu a sarkozom?u),

e typ ll (rychla)
— Illa ma i urcity aerobni potencial, je pomalejsi

— 1Ib se uplatnuje pri kratkodobych anaerobnich vykonech (ma malo myoglobinu a
sarkozom, obsahuje hodné myofibril),

* typlalla se oznacuje téz jako svalovina ¢ervena (zbarveni
propujcuje myoglobin), typ Ilb jako bleda


Animace/Svalová struktura a kontrakce/Structure 1.swf

Druhy kosterni svaloviny - srovnani

Slow oxidative Fast oxidative Fast glycolytic
(SO) glycolytic (FOG) (FG)
Myosin ATPase activity Slow Fast
Speed to reach peak tension  Slow Fast
Duration of twitches Long Short
Rate of Ca®* uptake by Slow to High
sarcoplasmic reticulum intermediate
Resistance to fatigue High Low
Number of mitochondria Many Few
Myoglobin content High Low
Color Red White
Diameter of fiber Small Large
Number of surrounding Many Few
capillaries
Levels of glycolytic enzymes Low High
Ability to produce ATP using High Low
oxidative phosphorylation
Force developed per cross- Low High
sectional area of entire fiber
Function in animal Posture Jumping, bursts
of high-speed
locomotion
Frequency of use by animal High Low
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Function in animal Posture Jumping, bursts
of high-speed
locomotion
Frequency of use by animal High Low
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Druhy kosterni svaloviny - srovnani

Slow oxidative Fast oxidative Fast glycolytic
(SO) glycolytic (FOG) (FG)
Myosin ATPase activity Slow Fast
Speed to reach peak tension  Slow Fast
Duration of twitches Long Short
Rate of Ca®* uptake by Slow to High
sarcoplasmic reticulum intermediate
Resistance to fatigue High Low
Number of mitochondria Many Few
Myoglobin content High Low
Color Red White
Diameter of fiber Small Large
Number of surrounding Many Few
capillaries
Levels of glycolytic enzymes Low High
Ability to produce ATP using High Low
oxidative phosphorylation
Force developed per cross- Low High
sectional area of entire fiber
Function in animal Posture Jumping, bursts
of high-speed
locomotion
Frequency of use by animal High Low
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Druhy kosterni svaloviny - srovnani

Slow oxidative Fast oxidative Fast glycolytic
(SO) glycolytic (FOG) (FG)
Myosin ATPase activity Slow Fast
Speed to reach peak tension  Slow Fast
Duration of twitches Long Short
Rate of Ca®* uptake by Slow to High
sarcoplasmic reticulum intermediate
Resistance to fatigue High Low
Number of mitochondria Many Few
Myoglobin content High Low
Color Red White
Diameter of fiber Small Large
Number of surrounding Many Few
Copiloc
Levels of glycolytic enzymes Low High
Ability to produce ATP using High Low
oxidative phosphorylation
Force developed per cross- Low High
sectional area of entire fiber
Function in animal Posture Jumping, bursts
of high-speed
locomotion
Frequency of use by animal High Low
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Druhy kosterni svaloviny - srovnani

Slow oxidative Fast oxidative Fast glycolytic
(SO) glycolytic (FOG) (FG)
Myosin ATPase activity Slow Fast
Speed to reach peak tension  Slow Fast
Duration of twitches Long Short
Rate of Ca®* uptake by Slow to High
sarcoplasmic reticulum intermediate
Resistance to fatigue High Low
Number of mitochondria Many Few
Myoglobin content High Low
Color Red White
Diameter of fiber Small Large
Number of surrounding Many Few
capillaries
Levels of glycolytic enzymes Low High
Ability to produce ATP using  High Low
oxidative phosphorylation
Force developed per cross- Low High
sectional area of entire fiber
Function in animal Posture Jumping, bursts
of high-speed
locomotion
Frequency of use by animal High Low
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Druhy kosterni svaloviny - srovnani

Slow oxidative Fast oxidative Fast glycolytic
(SO) glycolytic (FOG) (FG)
Myosin ATPase activity Slow Fast
Speed to reach peak tension  Slow Fast
Duration of twitches Long Short
Rate of Ca®* uptake by Slow to High
sarcoplasmic reticulum intermediate
Resistance to fatigue High Low
Number of mitochondria Many Few
Myoglobin content High Low
Color Red White
Diameter of fiber Small Large
Number of surrounding Many Few
capillaries
Levels of glycolytic enzymes Low High
Ability to produce ATP using High Low
oxidative phosphorylation
Force developed per cross- Low High
sectional area of entire fiber
Function in animal Posture Jumping, bursts
of high-speed
locomotion
Frequency of use by animal High Low
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Druhy kosterni svaloviny - srovnani

Slow oxidative Fast oxidative Fast glycolytic
(SO) glycolytic (FOG) (FG)
Myosin ATPase activity Slow Fast
Speed to reach peak tension  Slow Fast
Duration of twitches Long Short
Rate of Ca®* uptake by Slow to High
sarcoplasmic reticulum intermediate
Resistance to fatigue High Low
Number of mitochondria Many Few
Myoglobin content High Low
Color Red White
Diameter of fiber Small Large
Number of surrounding Many Few
capillaries
Levels of glycolytic enzymes Low High
Ability to produce ATP using High Low
oxidative phosphorylation
Force developed per cross- Low High
sectional area of entire fiber
Function in animal Posture Jumping, bursts
of high-speed
locomotion
Frequency of use by animal High Low
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Druhy kosterni svaloviny - srovnani

Slow oxidative
(SO)

Myosin ATPase activity
Speed to reach peak tension
Duration of twitches

Rate of Ca®* uptake by
sarcoplasmic reticulum

Resistance to fatigue
Number of mitochondria
Myoglobin content
Color

Diameter of fiber

Number of surrounding
capillaries

Levels of glycolytic enzymes

Ability to produce ATP using
oxidative phosphorylation

Force developed per cross-
sectional area of entire fiber

Function in animal
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Slow to
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High
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Red
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Low
High
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Posture

Frequency of use by animal

High

Fast oxidative
glycolytic (FOG)

Fast glycolytic
(FG)

Fast
Fast
Short
High

Low
Few
Low
White
Large

Few

High

Low
High

Jumping, bursts
of high-speed

Low
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Zdroje energie svalového stahu

ATP v centru déni —co jej
poskytuje a co spotiebovava
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/ ~ ADP +
/oo phosphate



Animace/Svalová struktura a kontrakce/Structure 1.swf

Zdroje energie pracujiciho kosterniho svalu zavisi na
dobé a intenzit

400 m Speed of running in
event specified

800 m/
1500-m run

Rychlost a trvani béhu

jdou proti sobé " 10,000 m Marathon
(42,194 m)
. . ATP from

ATP je asi na 10 kont., anaerobic ATP from aerobic catabolism
co? je jen asi 1s v klidu glycolysis using glycogen and glucose 100,000m
CP - 50 kontrakci
Po fadé v case :
Zésoba ATP a CP 555)
A bni glvkolv _»~” from aerobic

naerobni glykolyza | O l ~~~..,  cdtabolism using lipid _)
Aerobni cukry 50 100 500 1000 5000 10,000
Aerobni tuky Duration (s) on log scale 4/\

by anaerobic glycolysis
and use of phosphagen

Most ATP is made i ...essentially all ATP is
made by aerobic cata-

: bolism in long-duration
In short-duration events, events.

Whe
. &s... p
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Zdroje energie pracujiciho kosterniho svalu zavisi na

dobé a intenzité prace

Svalovy glykogen se

vyCerpava a ¢im dal vic
zalezi na zasobeni krvi.

Percentage of ATP made from various fuels

100

Fatty acids brought
to muscles by blood

Duration of exercise (h)

Glucose brought o
: muSéIes:by;BIQQd~,é ~

fatty acids to exercising
muscles. The fatty acids
are mobilized from the
L body’s lipid stores.

( Blood transport brings =

S/

" Blood transport also
brings glucose to
exercising muscles. The
glucose is mobilized
from liver glycogen
stores. Glucose may also
be brought directly from

the digestion of foods.
W

~

/
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Cervena vlakna maiji rezervu kysliku (myoglobin)

Bila, rychla vlakna ji nemaji a prechazi na glykolyzu
Potifeba NAD je divodem vzniku laktatu

— A. Energeticky metabolismus bilych a ¢ervenych svalovych vidken

jatra

,
i

glukéza
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F |
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| v v ,
- - laktat <—\—J— pyruvat H20 MASING | o |
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v s~ v - v - v ’ /
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!
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(0P Do —

acetyl-CoA
i i

!

glykolyza kontrakce OxPhos B-oxidace

@R (i -t ot
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Coriho
cyklus

kyseliny

Podle Barevného atlasu biochemie. Grada.
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Srdecni svalovina - myokard

Fibroblast Capillary Myofibrils

o (//,/#044”"'1/

Col Iagen

,"‘ "'« ] Fiber

Interkalarni disky BasesiEntimenbrane
vodivé propojuji do
jednoho celku.
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junction

Tvofi - Syncytium

Plasma membrane (sarcolemma)

Sarcoplasmic reticulum {

Mitochondrion

Intercalated disc

Tight junction

Bunka 1

Intercellular space

Sarcoplasm

W

’ Pinocytotic vesicles

' Gl
%J : ycogtir:pld Myofibril
Bunka 2 Thin filament
Kanalek — konexon Thickfilament
Detail kanalku v v , o ,
tvofeného Moznost odstupnovani stahu je omezena —

6 podjednotkami , . v , . ;
Neni ani casova ani prostorova sumace


Animace/Svalová struktura a kontrakce/Structure 1.swf

Ca v myokardu a jeho
podil na tvaru AP
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Odstupnovani stahu kosterniho svalu— casova sumace
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Srdce nema hladky tetanus a proto ani casovou sumaci.
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Srovnani charakteristik 3 zakladnich typu svalli

Stavba a funkce

motoricka
ploténka

vlakna

mitochondrie
bunééné jadro/vlakno
sarkomera

elektrické sprazeni

sarkoplazmatické
retikulum

Ca’*-,spinac”

pacemaker
odpovéd na podnét
tetanizovatelny
pracovni rozsah

— A. Stavba a funkce hladkého, srdecniho a kosterniho svalu

T

srdecni sval (pFiéné pruhovany) kosterni sval (pfiéné pruhovany)
e R — !
zadna zadna — ano
fuziformni, kratka (max. 0,2 mm) vétvend cylindricka, dlouha (max. 15 cm)
necetné cetné necetné (v zavislosti na typu svalu)
1 1 cetna
zadna ano, délka max. 2,6 pm ano, délka max. 3,65 um

caste¢né (jednotkovy typ)

malo vyvinuté

kalmodulin/kaldesmon

z&asti spontanné rytmicky &inny (157'-1h™")
zména tonu nebo frekvence rytmu
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krivka délka/sila
je proménliva

ano (funkéni syncytium)

primérené vyvinute
troponin

ano (sinoatrialni uzel asi 15™")
LVée nebo nic”
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na vzestupu krivky sila/délka
{viztab. 2.15E)

ne
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ne (nutny nervovy podnét)
odstupniovana
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Parasympatikus
na myokardu
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Hladka svalovina

Intermediate
filament

Bunky jsou mensi, maji jen jedno Thick filament
jadro, jsou vretenovitého tvaru,
propojené mechanickymi spoji
zarucujicimi prenos sily celym
svalem. Nemaji transverzalni
tubuly, troponin, tropomyosin.
Sitovité propojeni aktinu a
myosinu netvori prouzky
ATPaza myozinu je mnohem
pomalejsi, coz vede k pomalejsi
kontrakci, ale udrzi stah

s mnohem mensim vynalozenim

energie.

Thin filament

Dense body
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Hladka svalovina

Jednotkova (a) a vicejednotkova
(b) organizace podle propojeni
gap junction vodive propojujici
bunky.

Jednotkova potrebuje méné
varikosit

(a) Single-unit smooth muscle

\/ Postganglionic axon of

autonomic nervous sytem

Varicosity containing
vesicles of transmitter . g
Gap junction

% o ~——d

(b) Multiunit smooth muscle

Postganglionic axon of
\/ gang

autonomic nervous sytem

Varicosity containing
vesicles of transmitter
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Hladka svalovina — rGizné podnéty

— A. Smooth muscle fibers according to type of stimulation

1 Single-unit fibers SJeetred eusue 2 Multi-unit fibers

(gap junctions)

\{,

Stimulated by
autonomic nerve

I

Spontaneous stimulation\;\i f

f ‘k Local contraction

.é General contraction i N———

Stomach, intestine, uterus, blood vessels, etec.

Arterioles, deferent duct;, iris, etc.

Stah lze vyvolat:
Nervové

Latkove
Mechanicky

Autonomneé - pacemakery
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Hladka svalovina - kontrakce

Rizeni stahu je opét pfes Ca, ale jinak,
pres tlusté (myosinové) vlakno. MLCK
(myosin light chain kinase). Fosforyluje
jednu myosinovou hlavicku, coz vede
ke zvyseni ATPazové aktivity a spusti

navazani na aktin.

Varicosity containing
vesicles of neurotransmitter
et \’\'>""‘
. L) .
.. 5 o .I L4 v L) N

Hormone

Hormone or
neurotransmitter — ®0
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;hOSPhOhPaSC C /Caz‘ channel /Caz* channel
ﬁ ) = \|[ = =
s " | = —

2 )
Ca?* Ca?

Ca2t %

i
Increased intracellular Ca?*
leads to increased levels of
Ca®*-calmodulin, which
activates MLCK.
/% o

A variety of
pathways can
lead to increased
intracellular Ca?*

Sarcoplasmic
reticulum

Inactive
MLCK Active ATP
MLCK
ADP
Activated MLCK
. . phosphorylates
Inactive Active MLC, which
myosin —1 myosin —\ [° ti i
AlPase ATPase activates myosin’s

ATPase activity.

e

L ——— =

Inactive myosin

As long as MLC stays
phosphorylated,
myosin ATPase can
catalyze multiple cycles
of actin binding and
release, which leads to
an increase in muscle
tension.
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ADP Gl i
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(can bind with actin)

Kalciova aktivace myozinu hladké svaloviny.

Ca2+ vstupuje po podrazdéeni predevsim z extracelularniho
prostoru a v komplexu s kalmodulinem aktivuje myozin kinazu. Ta
fosforyluje myozin, ktery je poté schopen interagovat s aktinem

a zacit stah



Srovnani charakteristik 3 zakladnich typu svalli

Stavba a funkce
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Ca’*-,spinac”

pacemaker
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Zdroje nékterych animaci:

https://neuroscience5e.sinauer.com/index.html
http://www.sumanasinc.com/webcontent/animation.html
http://highered.mheducation.com/sites/dl/free/0072437316/120060/ravenanimati
on.html

http://www.physiome.cz/atlas/
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