Jeden ze zakladnich rysu
Zivota.




Pohyb v burice je mozny diky
cytoskeletu.




Pohyb celych bunék diky
cytoskeletu




CONNECTIVE
TISSUE

Pohyb svalu diky usporadané stazlivosti
spolupracujicich bunék.

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 hlamentary proteins,
actin and myosin. These protein molecules slide over one another
telescopically as the sarcomere contracts and uncontracts.

BUNDLE OF FIBERS




TFi typy svalu

m Cirkulace

Cardiac muscle cell

BNy,

Skeletal muscle cell

Lokomoce

Smooth muscle cell

Vnitrni fizeni

FADAM.



Stavba kosterniho svalu

Prouzkovani kosterniho svalu.
Sarkomery a jejich casti.
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Stavba kosterniho svalu
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Stavba myofibrily
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Stavba myosinovée fibrily

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

(@) Myosin molecules of a thick filament

QAQ A&

7@;9

Cross-bridges

(b) A single myosin molecule

Tail of myosin
heavy chain

Head of myosil
heavy chain



Spoluprace mnoha mustkl — molekularni déje

Molekularni udalosti stahu — jeden mustek

Molekularni organizace sarkomery
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Stavba myofibrily
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At rest
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Cross-bridges not active

' : Elastic elements
[sometric contraction are stretched.
. ' The muscle
— l stays the same
length.

Cross-bridges active

{ Claceir alamantc \

Elastické elementy umoznuji izometrickou kontrakci



Typy stahu

lzometricka a izotonicka
kontrakce

— B. Types of contractions

|1

»  / (@ )

Isometric Isotonic
Rest : 2
contraction contraction




Typy stahu

Nejvetsi silu u izometrické kontrakce ma sval
uprostred delky sarkomery

C. Isometric muscle force relative to sarcomere length

100

o0
o

(o)}
o

|,

— b muscle —+

Isometric muscle force

(% of maximum)
N
o

Range of max. force

|
I
|
|
I
I
|
|
|
|
|
| +— Cardiac
|
|
|
|
|
|
I
|
|
|
|
|

N
o
=

| S

S
O#/ _J 7 va v | Is
1.2 14 16 18 20 22 24 26 28 3.0 32 34 36!

p p | =
4/ ‘/ \

1 ~

— p——

~



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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Cyklus stahu

Rigorisa
transient state,
Muyosin

E N7

Myosin-binding 7/“\" bk Sy
sites £ —Actin-binding site ATP binding dissociates
p myosin from actin, The
( cross-bridge can now go

2

Odpojeni myosinu
od aktinu vyZaduje
navazani ATP, ¢imz
se zmeéni
konformace
vazebného mista,
ale neni k tomu
potreba energie
ATP.

4 The myosin head

“ unbinds ADP and

‘remains tightly bound
10 actin (rigor).

through the cycle on a
new G-actin molecule,

|| triggers rapid P, release and the
I power stroke. The actin filament
Is moved about 10 nm toward

|| the center of the sarcomere,

Jak se hlava
odpouta od aktinu,
hydrolizuje ATP.

Myosin ATPase hydrolizes ATP
to ADP and P, Energy from the
reaction is transferred to the
cross-bridge. ADP and P,
remain bound to myosin,

!

—— - A

The myosin head
maoves to the cocked
position and binds to
a G-actin molecule.




Ca spousti interakci
myosinu s aktinem

Vapnik iniciuje setkani Myosinu s
Aktinem

Fiy 5028

Ca?*-binding sites

(b) Myosin-binding sites exposed

D

g, T ’
(@) No Ca=* ions present in cytoplasm (relaxed)

Myosin
-

§ =3

Tropomyosin blocks F-
binding site on G-actin.

(b) Ca**ions released from the sarcoplasmic reticulum

Myosin head binds and
a makes the power stroke. ey
¢ 7~ —

Tropomyosin
moves to expose
the myosin-

binding sites.

) Ca?* binds to
troponin.

.

Thin filament is
moved.




Sprazeni excitace a kontrakce kosterniho svalu

\% Action potential

The action potential
in @ motor neuron
triggers exocytosis

of ACh. 0 Acetylcholinesterase]
(AChE) in the extra-
N Motor neuron cellular matrix of the
Ligand-gated channels \ synaptic cleft
bind ACh and open. N\ AChE hydrolyzes ACh to
The net inward move- N\ terminate the action
ment of Na* initiates L potential. '

an action potential.

x I-tubule s * e
EiThe action potential T8 %

Sarcolemma of
muscle fiber

Action

Action  Na*Z potential
propagates over the potential
cell membrane and ~d + Ca?* is stored in the SR
depolarizes the T~ i both free and bound to
t-tubules. Here the de- + the protein calsequestrin.
polarization approaches + -
a voltage-sensitive DHFRE + IR T Ca2t Sarcoplasmic
DHPR, but has not yet g 7 ¢ reticulum
modulated it. %

\ J
ATP-dependent Ca?* |

% ly active before, during,
Mydan and after contraction.
For each ATP hydro-
lyzed, 2 Ca®* are
moved from the cyto-

plasm into the SR.
\ =

RyR calcium / : : ‘
u - chaiiiiel . \ pumps are continuous-

The depolarization reaches 1

the NHDR anAd Aatiecac 3 roan.

Troponin Tropomyosin
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Sprazeni excitace a kontrakce

T NS ‘ TN N N
The depolarization reaches L
the DHPR and causes a con-
formational change that
opens a RyR calcium channel
of the SR.Ca?* diffuses out
of the SR into the cytoplasm.)

Troponin Tropomyosin

RyR calcium channel

Cross-bridges go through |
several cycles as long as
Ca?* remains bound to
troponin.

Ca?* ions bind to
troponin (TN),and
tropomyosin (TM)
moves to expose
myosin-binding
sites on actin.

=

('i Once the wave of |
depolarization
ceases, the DHPRs
return to their
original conforma-

tion,and the -

RyR Ca?* channels As the ATP-dependent

close. o Ca?* pumps decrease the.
R

Ca?* concentration inthe
cytoplasm, Ca?* leavesTN,
TM blocks myosin binding
sites on actin,and

FIGURE 20.7 Excitation-contraction coupling is contraction ends. ]

accomplished by the interactions of the transverse
tubules (t-tubules) and the sarcoplasmic reticulum
(SR) ACh, acetylcholine; AChE, acetylcholinesterase;

' o e
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@ Acetyicholine 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 Ca?+ release from
Terminal button membrane and down T tubules sarcoplasmic reticulum,
of muscle cell.

Acetylcholine-
gated cation

Acetylcholine
channel

Lateral
sacs of :
sarcoplasmic.
reticulum

O Calcium ions

i 2+ released from
T Ppomyosh/ ~Trcponh Oe lateral sacs bind
to troponin on
actin filaments;

- leads to
Cross-bridge binding  tropomyosin
being physically
Myosin cross bridge  moved aside 10
uncover Cross-
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
1o original resting position.

® Ca?* 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.




Fig. 50-27-1
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Fig. 50-27-3

Thick filament
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Fig. 50-27-4
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Odstupnovani stahu — casova sumace

3 . )
Data from this type of
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Motorické jednotky a
odstupnovani stahu -
prostorova sumace

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
potential and contraction in all of the muscle
fibers it innervates. Varying the number of active
motor units varies the amount of tension pro-
duced by the whole muscle.

Spinal cord

Gastrocnemius
muscle of frog leg

Motor neurons

KEY

[j Motor unit 1
[j Motor unit 2

Twitch muscle
[: Motor unit 3 fibers
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Druhy kosterni svaloviny

U Clovéka existuiji tfi typy :

* typ | (pomalad)— kona vytrvalostni aerobni praci (obsahuje
hodné myoglobinu a sarkozom1),

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
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TABLE 20.2 Characteristics of mammalian skeletal twitch muscle fibers

Slow oxidative Fast oxidative Fast glycolytic

(S0O) glycolytic (FOG) (FG)

Myosin ATPase activity Slow Fast Fast -
Speed to reach peak tension  Slow Intermediate to fast  Fast
Duration of twitches Long Short Short
Rate of Ca®* uptake by Slow to High High

sarcoplasmic reticulum intermediate
Resistance to fatigue High Intermediate Low
Number of mitochondria Many Many Few
Myoglobin content High High Low
Color Red Red White
Diameter of fiber Small Intermediate Large
Number of surrounding Many Many Few

capillaries
Levels of glycolytic enzymes Low Intermediate High

Ability to produce ATP using  High High Low
oxidative phosphorylation

Force developed per cross- Low Intermediate High

sectional area of entire fiber

Function in animal Posture

Standing, walking,

Jumping, bursts

rapid repetitive of high-speed
movements locomotion
Frequency of use by animal High Intermediate to high Low

Sources: After Randall et al. 2002 and Sherwood 2004,

Note: The names of different types of skeletal muscle fibers vary in the literature. Slow oxidative fibers are
also called Type I; and fast oxidative fibers, Type lla. Different types of fast glycolytic fibers are found in
mammals, b in small mammals and lIx in large mammals.



Zdroje energie

CIRCULATION MUSCLE FIBER Proiems
Amino acids
Oxygen
Fatty acids 1
Lactic acid Lactic acid WO o
xidative
Glucose "} f,» Gl)colysns _L> PhOSphoryl Stion

Glycogen

Creatine ATP
Myosin ATPase = Contraction
SR Ca** pump — Relaxation
Creatine ADP +

phosphate
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Zdroje energie kosterniho svalu

100-m dash
' 200 m

400 m

ATP from
‘anaerobic
. glycolysis

\A
\3

\

r

Speed of running in
event specified

800 n/
1500-m run

5000 m

10,000 m Marathon
(42,194 m)
ATP from aerobic catabolism
using glycogen and glucose 100,000 m w
ATP

.7 from aerobic

R | ~=-.. citabolism usinglipid _
50 100 500 1000 5000 10,000
¥ Duration (s) on log scale /\
:‘QSt ATP is made W ...essentially all ATP is
by anaerobic glycolysis made by aerobic cata-
and use of phosphagen bolism in long-duration
N short-duration events, events.
\ Whereas. ..

>,



Animace/Svalová struktura a kontrakce/Structure 1.swf

_ Fatty acids brought
~ tomuscles by blood

Duration of exercise (h)

Blood transport brings
fatty acids to exercising
muscles. The fatty acids
are mobilized from the
~ body’s lipid stores.

)

( 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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Srovnani charakteristik 3 zakladnich typu svalli

Stavba a funkce

motoricka
ploténka

vldkna
mitochondrie

bunééné jadro/vlakno

sarkomera
elektrické sprazeni

sarkoplazmatické
retikulum

Ca’*-,spinac”

pacemaker
odpoved na podnét
tetanizovatelny
pracovni rozsah

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

hladky sval

—— e
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Hladka svalovina

Bunky jsou mensi, maji jen jedno jadro, jsou
vietenovitého tvaru, propojené
mechanickymi soji zarucCujicimi prenos sily
celym svalem. Nemaji transverzalni tubuly,
troponin, tropomyosin. ATPaza myozinu je
mnohem pomalejsi, coz vede k pomalejsi
kontrakci, ale udrzi stah s mnohem mensim
vynaloZenim energie.

Jednotkova a vicejednotkova organizace

(@) Single-unit smooth muscle

Postganglionic axon of
autonomic nervous sytem

Varicosity containing
vesicles of transmitter

(b) Multiunit smooth muscle

\\/ Postganglionic axon of

autonomic nervous svtem

Varicosity containing
vesicles of transmitter

Gap junction

i ot i v
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Hladka svalovina - kontrakce

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

Citlivé na hormony i mediatory. Avsak rlizné podle
typu receptoru. Acetylcholin (parasympaticky
mediator) vede ke kontrakci svaloviny mocového
meéchyre, ale Adrenalin inhibuje stah. Naopak u
vétsSiny cév sympaticky noradrenalin zpUsobi k
kontrakci hladké svaloviny ve sténach.

Varicosity containing
vesic l of neurotransmitter

Capillary

Hormone

Hormone or
neurotransmitter
LK
@ G pratein- I5)
coupled receptor x
Ca?*  Metabotropic Ca's  Voltage-gated
$ Ve < ‘ BC-gate
i 241 Phospholipase C / Ca** channel Ca®* channel
/2 \ S
( Y §
u — I ——
. /
G protein

@ @ Avatiety (Avaretyol 8

pathways can
lead to increased
: intracellula G"
(alm wdulin

Increased intracellular Ca®*

leads o increased levels of

Ca?* ~calmodulin, which

@ activates MLCX
Ca?

Sarcoplasmic
reteulum

lnactm.
MLCK Active ATP
MLCK
ADP
Activated MLCK

Inactive Active :’;{?Ph:'):ﬂﬂ
myosin Myasin — ; . Whic :
AlPase ATPase activates myosin’s

ATPase activity.,

[nactive myosin

As long as MLC stays SN /
phosphorylated,

myosin ATPase can

catalyze multiple cycles

of actin binding and AT

release, which leads to 2, (

an Increase in muscle

tension. e 2 @



Animace/Svalová struktura a kontrakce/Structure 1.swf

Hladka svalovina -
kontrakce

— B. Regulation of smooth muscle contraction
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Hladka svalovina — rGizné podnéty

— A. Smooth muscle fibers according to type of stimulation

1 Single-unit fibers 2 Multi-unit fibers

Electrical coupling

i ti .
(gD junctions) Stimulated by
t{ \{f autonomic nerve
Spontaneous stimulation\v\ /
/ k Local contraction
VA General contraction ,i
Stomach, intestine, uterus, blood vessels, ete. Arterioles, deferent duct, iris, etc.

Nervoveé

Latkove

Mechanicky

Autonomneé - pacemakery
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Ach relaxuje svalovinu v cévni sténé streva (?)

http://www.physiome.cz/atlas/bunka/01/
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