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Ingerlékeny szovetek elemi miikodésének
jellegzetességei idegsejt, harantcsikolt-, sziv-
és simaizom

1.Ionkoncentracio kiilonbségek a sejt-belso és a kiilso folyadék kozott
2.Nyugalmi potencial. Lokalis jelenségek.

3.AKkcios potencial, tipusai, intra- és extracellularis elvezetések. Az
ingeriiletvezetés.

4.Szinapszisok szerkezete, miikodése.

5.A fébb szinaptikus transzmitterek, a posztszinaptikus receptorok tipusai,
masodlagos hirvivé mechanizmusok.

6.Aktivacio, kontrakcio és relaxaciéo szubcellularis mechanizmusai a
vazizomban, a sziv és a simaizomsejtekben.

7.A kontraktilis apparatus felépitése, miikodése
8.Izomrangas és tetanusz.

9.1zometrias és izotonias kontrakcio, jelleggorbéik.




1.Jonkoncentracié Kkiilonbségek a sejt-bels6 és a Kiilso
folyadék kozott.

IC és EC Nat, K+ (ClI, Ca2*) koncentraciok,
fenntartasuk modja. Elektrogén pumpak, molekularis
miikodésiik. A sejtmembran permeabilitasa Na*, K+ (CI,
Ca**)-ra nyugalomban és Kiilonbozé allapotokban.
Specifikus és nem specifikus ioncsatorniak, molekularis
miikodés, aktivalasuk, inaktivalasuk modjai.

Eukariota sejtek jellegzetes ioneltérései
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Ingerlékeny sejtek tipusos ionkoncentracioi, ionpermeabilitasai

K* Na* Cr Ca*
Koncentraciéo Vérplazma (7% feh.) 4-5 140 100 1-1.5
(mM) Extracellularis 4-5 145 110 1-1.5
Intracellularis 100 10-15 5-20 0,0001
Egyensiilyi potencial! | | -96 mV +50 mV -80 mV - | | Membran fesziiltség
Permeabilitis Nyugvé membranban o/T 0 0 0 Polarizalt
Gyors ake. pot. felszallo szar o7 T 0 0 Kiiszob folotti depol.
Lassi akciés pot. felszallé szar ot T 0 T Kiiszob folotti depol.
Akciés pot. repolarizacié ™ 0 0 0 Repolarizacio
Membranaktivacié? T 1) 0 0 Depolarizacio
Membranaktivacié? ot T 0 T Depolarizacié
Membrénaktivacié* 0 T 0 T Depolarizicié
Membrangatlas® T 0 0 0 Hyperpolarizacio
Membrangatlas® o7 0 1 0 Pot. stabilizacié

1 Nernst-egyenlet alapjan szamitott érték, sejt belseje a kiilsé folyadékhoz képest, E=-61*1g(ci/co)mV

2 Aspecifikus kationcsatorndk aktivalasa, posztszinaptikus membran - ideg-izom — EPSP (pld. Nn, Nm, glutamét ionotrép receptor), receptorpotencial
(fotoreceptorokban fotonbefogaskor forditott folyamat), nodalis szovet spontan diasztolés depolarizacio

3 L és T tipusu kalcium csatornak aktivalasa, EPSP, dendritpotencial, simaizom, nodalis szovet, mirigysejtek

4 L tipusi kalcium csatornik aktivélasa és a befelé rektifikilé kalium csatornik zirt illapota, sziv munkaizomrostok, platé fizis; ATP érzékeny kalium
csatornak zarasa, L tipusi kalcium csatornak nyitasa, pankreasz béta sejtek

5 Kalium csatornak nyitasa, neuron IPSP

6 Anion (klor) csatornak nyitisa, neuron posztszinaptikus membran, GABA , receptor, glicin receptor

Ioncsatornak, iontranszporterek (Csak tajékozodasra!)

The Ca-H pump and the Na—Ca exchanger keep
intracellular [Ca?*] four orders of magnitude

lower than extracellular [Ca®*].

lar space |7 omV
Extracellular spa [ l\?a*]o ol
o

The Na-K pump keeps g:' 1o ;.imM

[Na*] inside the cell o 1+

low, and [K*] high. [HCO3], 24mM .
[CIT]o 116mM Al -
[Ca*], 107°M S ucose

)

®\

o\

K* channel ENaC Na* m:e .
channel n
e Na* channel
Cytosol
v -60mV
[Na*}, 15mM
K], 120mM
pH; 7.2
[HCO3]; 15mM
[CFi  20mM
[Ca®]; 107M

FIGURE 3-12. lon gradients, channels, and transporters in a typical cell.
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Ioncsatornak, iontranszporterek, folyt. (Csak tajékozodasra!)

In most cells, [C17] is modestly above equilibrium because o .
CT uptake via the CI-HCO; exchanger and Na/K/Cl The Na'-H" exchanger and Na-driven

cotransporter balances passive CI efflux through channels CI-HCO; keep intracellular pH and
of magnitude lower than extracellular [Ca?*]. [HCO3] above their equilibrium values.
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TABLE 6-2

Ioncsatorna molekularis
tipusok, folyt.

(csak tajékozodasra!)
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10. GABA, (y-amino-butyric
acid) receptor channel

11. Glycine receptor

12. AMPA-kainate
glutamate receptor

13. NMDA glutamate
receptor channel

14, GFTRCI channe m
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15. CIC CI” channel

17. IPg-activated Ca*™*

9. 5-HT; (serotonin)
receptor channel

Lumen of ER

18. Ryanodine receptor
Ca**-release channel

Lumen of ER

Intracellular cytoplasm

URAL FEATURES OF THE KNOWN FAMILIES OF ION CHANNELS Continued
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Fesziiltségfiigg6 natrium csatorna molekularis szerkezete

Fesziiltség szenzor,
nyitas

B Fig. 3-6  Model of the voltage-dependent
Na?* channel protein. A, Two-dimensional
model. The cylinders represent transmem-
brane a-helices. There are four repeats of
six-cylinder domains of homologous o~
helices. The S4 helices, marked with plus
signs, function as voltage sensors, and move-
ments of these helices are responsible for
activation (opening) of the channel. The intra-
cellular loop connecting domains IIT and IV
functions as the inactivation gate: after depo-
larization, with a slight delay, this loop
apparently swings up into the mouth of the
channel to block ion conduction. B, Domain
IV. The part of the extracellular loop that
connects helices 5 and 6 and that dips into
the membrane as the “pore loop™ that helps
form the selectivity filter of the channel. The
residues indicated by solid circles are key
determinants of the ionic selectivity of the
channel. (B Redrawn from Catteral W: J
Bioenerg Biomembr 28:219, 1996.)
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L tipusa kalcium csatorna (fesziiltségfiiggé) molekularis szerkezete

S4, pozitiv toltésii aminosavak,
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Proposed transmembrane topology and subunit composition of L-type Ca** channel. Shown is the pore-forming [alpha], .
subunit consisting of 4 homologous repeated domains (I-IV), each composed of 6 transmembrane segments as described in text.
The cytoplasmic [beta] subunit is formed by 2 highly conserved domains indicated in purple, and the amino-terminal portion of
the second conserved domain interacts with the I-1I loop of [alpha], .. The [delta] subunit has a single transmembrane segment
with a short cytoplasmic C terminus and is linked by a disulfide bound to the extracellular, glycosylated [alpha], subunit. PKA
phosphorylation sites of proven functional significance are shown as green diamonds at Ser1928 on [alpha], . and Ser478 and
Ser479 on [beta],,. PKC phosphorylation sites of proven functional importance at Thr27 and Thr31 on [alpha], . are indicated
by yellow squares. Kamp: Circ Res, Volume 87(12).December 8/22, 2000.1095-1102

Kalium csatorna tipusok, repolarizalnak-hiperpolarizalnak
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A

Szabalyoz6 egység (szulfanilurea
receptor)

Side view of the topology of three classes of K* channels subunits. (A) Schematic representation of a voltage-gated K channel
subunit composed of six membrane-spanning helices (S1 to S6) and one pore. The C-terminal cytoplasmic domain is drawn off to
the side of the T1 domain, but its precise relative location is until yet unknown. The schematic representation of single
transmembrane spanning proteins, such as minK and minK-related proteins (MiRPs) is also shown. NBD: nucleotid binding
domain (B) Schematic representation of the subunit of an inward rectifier K* channel (Kirs) formed only by two transmembrane
domains (M1 and M2) connected by a pore. The topology of the sulfonylurea receptor (SUR) that interacts with Kir6.x subunits is
also shown. SUR has been proposed to have three transmembrane domains (TMDO, TMD1A and TMD2), each of which consists of
five, five and six membrane spanning regions. (C) Schematic representation of the subunit of ""background" channels formed by
four transmembrane segments and two pores. SID: self-interacting domain.




Bakterialis kalium csatorna specificitasa

(az eukaridta K+ csatornak specificitasa valosziniileg hasonlé biofizikai sajatossagokon alapul)

Extracellular
fluid

Cytosol

M Fig. 3-7 A representation of the structure of the K* channel
from Streptomyces lividans, a fungus-like bacterium. Each subunit
of the channel has two transmembrane a-helices. The channel con-
sists of four subunits; only two of the subunits are shown. The
selectivity filter is formed by the pore loops of each of the four sub-
units. The carbonyl oxygens (green protrusions) coordinate with
K+ (green balls) ions and thereby cause K* to shed most of its
waters of hydration, allowing it to pass through the pore. Shown are
four positions within the selectivity filter where K* may be co-
ordinated. The bottom red ball represents a K* ion in the central cav-
ity of the ion channel. The amino acid sequence in the pore domain
of this protein is nearly identical with the sequences of the homol-
ogous region of all known vertebrate voltage-gated K* channels.
(Redrawn from Roux B, MacKinnon R: Science 285:100, 1999.)
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B Fig. 3-8 Tonic current through a single ion channel from rat muscle incorporated into a planar
lipid bilayer membrane. The channel opens and closes spontaneously. The fraction of time this chan-
nel spends in the open state is a function of calcium ion concentration and membrane potential.
(From Moczydlowski E, Latorre R: J Gen Physiol 82:511, 1983).




Négy ioncsatorna
molekula a patchben
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A, Patch electrode and circuitry required to record
the ionic currents that flow through the small number of ion chan-
nels isolated in the electrode patch. B, Current recording from a
patch electrode on the plasma membrane of a skeletal muscle cell.
The five current levels show that this particular patch contains four
different ion channels, each opening and closing independently of
the others. (A Redrawn from Sigworth FJ, Neher E: Nature
287:447, 1980; B Redrawn from Hammill OP et al: Pfliigers Arch
391:85, 1981.)

2.Nvugalmi potencial. Lokalis jelenségek

A sejtmembran ellendllasa €s kapacitasa. A koncentricios elem, a
Nernst egyenlet. A Nernst egyenlet sejt-elektrofizioldgiai alakja.
Az egyensulyi potencidl fogalma. A fontosabb ionok egyensulyi
potencidlja. A membranpotencial szamitdsa tobb permedbilis ion
esetén: a chord-conductance egyenlet. A membrinpotencidl
szamitdsa tobb permeabilis ion esetén: a Goldman-Hodgkin-Katz
egyenlet. A membranpotencidl és mérése. Tintahal Orids-axon.
Intracellularis mikro-elektrodok. A patch-clamp technika. A
kiiszobalatti stimuléaci6 terjedése a membran mentén: a membran
idOkonstansa €s térkonstansa, jelentOségiik. Posztszinaptikus
potencidl, receptorpotencial.




Hogyan alakitjak az intra- és extracellularis ionkoncentraciok
eltérései a membranpotencialt?

Nernst egyenlet E= % * In{cl/c2)

EmV)=-60%1g(cl/c2)

K Na
Chord conductance Em = N E + — L Ena+

egyenlet gI(Jr + gl\TﬁlJr 2K+ + gNa+

Pra+ [Cwar]p + Pr [cx+]o + Py [corlx
Pra+ [ewar]x + P+ [ex+]k + Per [car]s

Goldman-Hodgkin-Katz E(mV)=-60%1g
egyenlet

Egyensilyi potencial: A membranpotenciial az ion Nernst egyenlettel kifejezett
potencialjan all. Az egyik iranyba haté koncentracios erét a vele szembe haté
elektromos eré épp kiegyenliti, az adott ionra nézve nincs netté ionmozgas.

Ingerlékeny sejtek tipusos potencialjai
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(hyperpolarizacio!)
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figure 13-10. Use of a suction pipette to record the current through
He outer segment of a single rod. A, A suction pipette is positioned just
wove a group of rods from a toad retina. B, One of these rods has been —60 Respons.e to the most
siicked into the pipette, allowing the investigators to monitor the current _65 intense light flash

iiva single photoreceptor cell. The horizontal white band is the light used
fosstimulate the rod. (Reproduced from Baylor DA, Lamb TD, Yau K-W:
Responses of retinal rods to single photons. ] Physiol (Lond) 288:613— 0 100 200 300 400 500 600

634, 1979. g
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3.Akcios potencial, tipusai, intra- és extracellularis elvezetések.
Az ingeriiletvezetés.

Fesziiltségfliggd ioncsatorndk, molekuldris felépités,
mukodés, jelentOségiik. A gyors natrium csatorna, dinamikdja,
jellegzetességei, el6forduldsa. Repolarizdlé kéalium csatorndk,
dinamika, molekularis mukodés, eldfordulds. A gyors akcids
potencidl. Lefutds, a fesziiltségvaltozas mértéke, idobeli lefutdsa,
ionpermedbilitds valtozasok, 1ondlis mozgasok. Kiiszobinger,
kiiszobalatti  ingerek 1dobeli és  térbeli szummacidja.Az
ingerlékenység valtozdsai az akcids potencidl alatt. Az akcids
potencial terjedésének mechanizmusa. Lassu akcids potencidlok. A
T és L tipusu kalcium csatorndk. Kalium csatorndk a sima- €s a
szivizomzatban. Membranfesziilts€ég valtozdsok a simaizom

membranon. A sziv nodélis és munkaizomrostjainak akcios
potencidljai.

Az akciods potencial kiiszobe

Upsweep of
action potential

Strength

relative to
threshold
{threshold = 1.0)

Changes of membrane potential (mV)

-5k

Hyperpolarization 4—)———> Depolarization

threshold. Note that
Hodgkin AL, Rushton WAH: Proc

threshold, the
Soc B133:97, 1946.

ires an action potential. (Redrawn from




Az akciospotencial szakaszai
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B Fig. 3-4 Responses of the membrane potential of a squid giant axon to increasing pulses of
depolarizing current. When the cell is depolarized to threshold, it fires an action potential.

Kiilonboz6 akcids potencidlok
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B Fig. 3-1 Action potentials from three vertebrate cell types. Note the different time scales.
(Redrawn from Flickinger CJ et al: Medical cell biology, Philadelphia, 1979, WB Saunders.)




Tonmozgasok az akcids potencial soran

Conductance (mmho/cm?)
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+10 M Fig. 3-5 The action potential (E,)

of a squid giant axon is shown on the

~10 % same time scale with the associated
"¢ changes in the conductance of the
_30  axon membrane to sodium and
potassium ions. (Redrawn from
Hodgkin AL, Huxley AF: J Physiol
—30 117:500, 1952.)
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Tonmozgasok az akcids potencial soran- ioncsatornak
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{ Mechanism of electrotonic spread of depolarization.
A, The reversal of membrane polarity that occurs with local depo-
larization. B, The local currents that flow to depolarize adjacent
areas of the membrane and allow conduction of the depolarization.

Az akciods potencial ugrasszeri (saltatoricus) terjedése
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Az extracellularis elvezetésii ,,bifazisos”
akcios potencial magyarazata
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Kiilonb6z6
szivizomsejtek
akcios
potencialjai
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M Fig. 15-19 Typical action potentials (in millivolts) recorded
from cells in the ventricle (A), SA node (B), and atrium (C). Sweep
velocity in B is one-half that in A or C. (From Hoffman BF,
Cranefield PF: Electrophysiology of the heart, New York, 1960,

McGraw-Hill.)

4

A sziv szinuszcsomo
akcios potencialjanak
élettani szabalyozasa

>
V., (mV)

B

W Fig. 15-20

Mechanisms involved in the changes in frequenc

of pacemaker firing. In A, a reduction in the slope (from a to b) or
slow diastolic depolarization diminishes the firing frequency. In B,
an increase in the threshold potential (from 7P-/ to TP-2) or an
increase in the magnitude of the resting potential (from a to d) also
diminishes the firing frequency. (From Hoffman BF, Cranefield PF:
Electrophysiology of the heart, New York, 1960, McGraw-Hill.)




TIonmozgasok a sziv kamraizomost akcids potenciilja soran
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Snyders, Structure and function of cardiac I i1
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Fesziiltségfiiggo kalium csatorna (befelé rektifikalo)

o
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K* current (nA)
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120 80 40 0
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405:123, 1988.)

40

B Fig. 23-12 The K™ currents recorded from a rabbit ven-
tricular myocyte when the potential was changed from a hold-
ing potential of —80 mV to various test potentials. Positive
values along the vertical axis represent outward currents; neg-
ative values represent inward currents. The V,, coordinate of
the point of intersection (open circle) of the curve with the X
axis is the reversal potential; it denotes the equilibrium poten-
tial at which the chemical and electrostatic forces are equal.
(Redrawn from Giles WR, Imaizumi Y: J Physiol (London)

A sziv kamraizomrost akcios potencialjat létrehozé ioncsatornak
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Sziv kamraizomsejt és szinuszcsomo sejt akcios potencial
elektrofiziologiai fazisai
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B Fig. 15-1 Changes in transmembrane potential recorded from a fast-response and a slow-
response cardiac fiber in isolated cardiac tissue immersed in an electrolyte solution. A, At time a the
microelectrode was in the solution surrounding the cardiac fiber. At time b the microelectrode
entered the fiber. At time ¢ an action potential was initiated in the impaled fiber. Time ¢ to d repre-
sents the effective refractory period (ERP), and time d to e represents the relative refractory period
(RRP). B, An action potential recorded from a slow-response cardiac fiber. Note that compared with
the fast-response fiber, the resting potential of the slow fiber is less negative, the upstroke (phase 0)
of the action potential is less steep, the amplitude of the action potential is smaller, phase / is absent,
and the relative refractory period (RRP) extends well into phase 4 after the fiber has fully
repolarized.

4 Szinapszisok szerkezete, mukodése.

Szinapszisok elemi morfologidja, elhelyezkedés a
neuronon, a sima- sziv- és vazizomzaton. A szinapszisok szdma.
Pre- €és posztszinaptikus membran, szinaptikus rés. A
preszinaptikus végz0dés aktivacidja. Transzmitter exocitdzis. A
posztszinaptikus ~ membrdn  szerkezete,  posztszinaptikus
farmakologiai receptorok. Posztszinaptikus potencidl, tovahalado
akcios potencial. Aktivalo és gatld szinapszisok, preszinaptikus
gatlas. Transzmitter szintézis €s lebontas. Parallel aktivicio €s
gatlas tobb szinapszissal, neurondlis logika.




Neuron, szinapszis
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11.

Neuron sejttest
Dendrit

Axon

Axonag
Szinapszis
Preszinaptikus
végzodés
Preszinaptikus
vezikulum
Exocitézis
Szinaptikus rés

Poszszinaptikus
membran

Dendrittiiske

Szinapszis, EM kép

Szinaptikus hélyagok, benniik
a transzmitter

B Fig. 4-6 Synapses (S; and S,)
in the cerebral cortex. Two axon
terminals (A7, and Az,) synapse with
a dendrite (Den) of a stellate cell.
The axon terminals are packed with
synaptic vesicles. (From Peters A,
Palay SL, Webster H deF: The fine
structure of the nervous system,
Philadelphia, 1976, WB Saunders.)

Posztszinaptikus membran Preszinaptikus membran




Nikotinos acetilkolin
receptor- kationcsatorna

ACh receptor lon channel

«85A——

M Fig. 4-4 A model of the structure of the nicotinic

acetylcholine receptor protein. A, Viewed from the side, and

i ] B, viewed looking down on the acetylcholine receptor from the
Cytoplasmic . extracellular surface. The closed curves are electron density

profiles. Five subunits surround a central ion channel. Shown are

A two ¢ subunits and one each of B, y, and & subunits. A binding

site for acetylcholine is located on each o subunit. (Redrawn from

Kistler J et al: Biophys J 37:371, 1982.)

Posztszinaptikus potencialok

msec

B Fig. 4-9 Inhibitory postsynaptic potentials (IPSPs) and exci-
tatory postsynaptic potentials (EPSPs) recorded with a microelec-
trode in a cat spinal motor neuron in response to stimulation of
appropriate peripheral afferent fibers. Forty traces are superim-
posed. (Redrawn from Curtis DR, Eccles JC: J Physiol 145:529,
1959.)




. A fobb szinaptikus transzmitterek, a posztszinaptikus

receptorok tipusai, masodlagos hirvivo mechanizmusok.

A transzmitterek kémiai felosztasa:
Aminosavak (glicin, glutamét)
Moédosult aminosavak (GABA), acetilkolin,

Dekarboxildlt aminosav  szarmazékok (dopamin,
noradrenalin, adrenalin, hisztamin, szerotonin)

Peptidek (hipotalamikus rilizing €s inhibiting faktorok,
neurohipofizis hormonok, bél-peptidek, opioid peptidek,
stb.)

Glicin és GABA , receptorok — Kklorid csatornak
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FIGURE 8-9. Currents activated by glycine and y-aminobutyric acid (GABA). A, These experiments were performed on cultured mouse spinal cord
neurons using patch-clamp techniques. The left panel shows the macroscopic Cl- current, which is measured in the whole-cell configuration and
carried by glycine receptor (GlyR) channels when exposed to glycine. The right panel shows single-channel currents that are recorded in the outside-
out patch configuration. In both scenarios, the holding potential was —70 mV. B, The left panel shows the macroscopic CI- current that is carried by
GABA, receptor channels when exposed to GABA. The right panel shows single-channel currents. (Data from Bormann J, Hamill OP, Sakmann B:
Mechanism of anion permeation through channels gated by glycine and y-aminobutyric acid in mouse spinal neurones. J Physiol 385:243-286, 1987.)




6.Aktivacio, kontrakcid és relaxacio szubcellularis mechanizmusai a
vazizomban, a sziv €s a simaizomsejtekben.

A motoros ideg. A motoros egység. A neuromuszkularis junkcié. Nm
cholinerg receptor, posztszinaptikus potencidl. Kolinesszterdz, kolin tdjrafelvétel,
Ach szintézise. Akciés potencidl az izommembrdnon. A T tubulusok szerepe.
Szarkoplazmas retikulum, triddok, dihidropiridin és rianodin receptorok. Kalcium
sequestracio, felszabadulds és djrafelvétel. A kalcium koncentracié valtozésai a
vazizomkontrakcio alatt, fluoreszcens mérések. Membranaktivacié a szivizomban.
A nodélis szovet akciés potencidja, szakaszai, ioncsatorndk. Az élettani és
farmakoldgiai befolyasolas lehetdségei. A sziv munkaizomrost akcids potencidlja,
a depolarizicié kettds jellege. Az érintett ioncsatorndk, szabalyozdsuk, fazisos
miikodésiik. A platé szakasz kialakulésa, jelentOsége. Késleltetett repolarizacio.
Az inverz rektifikdlé kdlium csatorndk jelentdsége. Dihidropiridin és rianodin
receptorok, trigger kalcium, kalszekvesztrin és foszfolamban. A citoplazmaélis
kalcium valtozdsai. Sziv-glikozidok hatdsmechanizmusa.A simaizommembréin
aktivicigja. T és L tipust kalcium csatorndk. Fesziiltség, cAMP és cGMP
érzékenység. Gq, PLC, DAG, IP3 aktivicios ut. A kalmodulin.

Motoros neuron, Iput o brai and.
motoros ideg és Spindlcord |
neuromuszkularis

junkcio

horn

voluntary muscle, controlled by the central nervous system, with
passing through an o-motor neuron to muscle fibers. Each

5 Skeletal mu S
efferent signals (i.e., action potentials) - :
motor neu&run may innervate many muscle fibers within a muscle, although cac.h n}usclc h.ber is
innervated by only one motor neuron (A). B, Scanning electron micrograph showing mnenjatmnI of
several muscle fibers by a single motor neuron. (B from Bloom W, Fawcett DW: A textbook of physiol-
ogy, ed 12, New York, 1994, Chapman & Hall.)




A vazizom aktivaciojanak menete

A Motoros ideg, Ranvier befiizédés /31)/
al Gyors natrium csatornaproteinek (TTx 2=

érzékeny)

B Neuromuszkularis junkcié cl /

b1 Fesziiltség érzékeny kalcium ¢

csatornaproteinek
b2 Acetilkolin tartalmu vezikulumok D at

b3 Kolineszteraz enzim [)—g\_/ﬂ [>:>

b4 Nm tipusi acetilkolin receptorprotein B:
(kationcsatorna)

C Vazizommembran Db

¢l Gyors natrium csatornaproteinek (TTx

érzékeny)

D A T tubulusok és a lterminalis ciszterna «
kapcsolédasa

d1 T tubulus lumene és a membranban
dihidropiridin kalcium csatorna

d2 Rianodin receptor kalcium csatorna

d3 Vezikularis lumen és kalszekvesztrin

A vazizommembran aktivacidja

M Fig. 4-2 A, End plate poten-
tials (EPPs) in a frog sartorius
muscle. The preparation was treat-
ed with curare to bring the EPP
just below threshold for eliciting
an action potential. The EPP,
recorded at increasing distances
from the neuromuscular junction,
decreases in amplitude and rate of
rise. B, Intracellular recordings
made at the motor end plate (left
panel) and 2 mm away (right
panel) in a muscle fiber of frog
extensor digitorum longus. When
the motor nerve was stimulated, an
EPP occurred, which triggered an 35
action potential. Both the EPP and
the resultant action potential can
be recorded at the end plate, but 2 A_M
mm away from the end plate only Ry 3 ) o

the action potential can be seen : -
because the EPP is comlucl:cd with A Time (msec)
decrement and has substantially

decayed before reaching this point

;

from endplate (mm)

e S
o

EPPs recorded at indicated distance

on the muscle fiber. (A Redrawn EPP recorded EPP recorded
from Fatt P, Katz B: J Physiol at the endplate 2 mm from the endplate
115:320, 1951; B Redrawn from s 5 e
Fatt P, Katz B: J Physiol 117:109, Action
1952.) potential
Endplate
potential &




Vazizomrost aktivacioja

Action 2 a. Action potential
potential B Sarcolemma g
3

Terminal cisternae of SR

RYR

N [Cda]

"~ Calsequestrin

CG++
SERCA ,
ADP + P, B 4

,LNLV Cot e = = s s vt # ,iy
DHPR o
! 4 S J
T tubule /0 20 80 120 160 200

P Time (msec)
A Actin-myosin _ _ < B

interaction
B Fig. 12-6 Stimulation of a skeletal muscle fiber initiates an action potential in the muscle, which
travclls down the T-tubule and induces Ca?* release from the terminal cisternae of the SR (A). The
rise in intracellular Ca?* concentration causes contraction. As Ca2* is pumped back into the SR by
the Ca%*-ATPase (SERCA) relaxation occurs. B, The time courses of the action potential, myoplas-
mic Ca2* transient, and the force of the twitch contraction.

7.A kontraktilis apparatus felépitése, mukodése

A citoszkeleton, vékony, vastag és intermedier
filamentumok. Az aktin €s a miozin. A szarkomer szerkezete a
vaz- és a szivizomban. A Z lemez szerkezete. A
szarkomerhossz valtozasai a kontrakcid soran, csuszo
filamentum elmélet. Akto-miozin kereszthid, a power-stroke.
Szabdlyozd proteinek: troponin, alegységei, tropomiozin. A
relaxdci6 mechanizmusa. = A kontrakci6 energetikdja a
kiilonboz6 tipusi izmokban. A simaizom kontraktilis
apparatusanak sajatossagai. A denz testek mechanikai szerepe.
Simaizomsejtek kapcsoldddsa egymashoz és a kotdszoveti
rostokhoz. Miozin konnyllanc kindz €s ré protein aktivacio.
Reteszel0 (latch) kontrakcid.




A vazizom szerkezete

>

Sarcomere

Terminal Longitudinal T-tubule Sarcolemma
cisternae tubules of SR
of SR
Sarcomere
| —
Thick flament hinhiment
(acfin) z-line

Titin

Thin filament
lattice

(I Band)

(myosin)

( N
Overlap of Thick filament
thick and thin lattice
filaments (H Zone)
(A Band)

M Fig. 12-2 A, Myofibrils are arranged in
parallel within a muscle fiber. Each fibril is
surrounded by sarcoplasmic reticulum (SR).
Termianl cisternae of the SR are closely
associated with T-tubules forming a triad at
the juction of the I-bands and A-bands. The
Z-lines define the boundary of the
sarcomere. The striations are formed by the
overlap of the contractile proteins. Three
bands can be seen, the A-band, I-band, and
H-band. An M-line is seen in the middle of
the H-band. B, Organization of the proteins
within a single sarcomere. The cross-
sectional arrangement of the proteins is also
illustrated. See text for details.

A harantcsikolt izom kontrakcidojanak csiszo filamentum modellje

a: aktin
m: miozin

sz: szarkomer

T

relaxalt

kontrahalt |




Az aktomiozin Kkereszthid

Miozin nyél

Miozin fej

AKtin globularis egység

Troponin

N oA W N =

. Tropomiozin

Miozin

chains
Proteolytic cleavage
at hinge regions

Insoluble tail (LMM)
(buried in thick filament)
—_——

. 1244 Organization of thick filament. The thick
tis formed by polymerization of myosin molecules @
in a tail-tail configuration extending from the center of the
sarcomere (A). An individual myosin molecule has a tail

region and a cross-bridge region. The cross-bridge region is
comprised of an arm and globular heads (B). The globular
heads contain light chains that are important for function of
myosin ATPase activity

site

Cross-bridge extending
out from thick filament

ATPase

(b)
actin-binding site

Figure 14.15 Structure of the i
fragment of chicken myosin asa
Richardson diagram (a) and a
space-filling model (b). The two
light chains are shown in magenti
and yellow. The heavy chain is
colored according to three prote:
olytic fragments produced by
trypsin: a 25-kDa N-terminal
domain (green); a central 50-kDa
fragment (red) divided by a cleft
into a S0K upper and a SOK lowet
domain; and a 20-kDa C-terminal
domain (blue) that links the
myosin head to the coiled-coil tail

The 50-kDa and 20-kDa domains
both bind actin, while the 25-kDa
domain binds ATP. [(b) Courtesy

of I Rayment.]

N-terminus_

light chains

Figure 14.14 Schematic diagram of the
myosin molecule, comprising two heavy

coiled coil of two o, helices
\

e,

2nmC &

C-terminus

E 150 nm

chains (green) that form a coiled-coil tail with
two globular heads and four light chains (gray)
of two slightly differing sizes, each one bound
to each heavy-chain globular head.




Tropomiozin és aktin

Three-dimensional reconstruction of a surface view of the
states of the thin filament under relaxed conditions (Tm,
red), in the Ca2+-activated condition (Tm, yellow), and in
rigor (Tm, green). Craig & Lehman 2001.

A kontraktilis apparatus aktivacioja (vazizom)

Contracted

100
Myosin
head ADP
80 |
Strong binding | Contractile force of skeletal muscle
= 60 | and cyc|ing increases in a Ca?*-dependent manner due to the
8 binding of Ca?* to troponin-C and the subsequent
fg movement of tropomyosin away from myosin-
° Tropomvosin binding sites on the underlying actin molecules.
£ . o ropomy See text for details. (From MacLennan DH, Rice
@ 40 Troponin . Actin  WJ, Green NM: J Biol Chem 272(46):28815,
. 1997.)
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A kontraktilis apparatus aktivacioja (vazizom)

M Fig. 12-10 Organization of the thin filament, showing a
double helical array of tropomyosin on the actin filament, with
sequential tropomyosin molecules arranged in a head-to-tail
configuration. Such a configuration may promote the
interaction of one tropomyosin unit with an adjacent
tropomyosin. Also shown is the troponin complex consisting of
its three subunits: troponin-C (TnC), troponin-I (TnI), and
troponin-T (TnT). See text for details. (From Gordon AM,
Homsher E, Regnier M: Physiol Rev 80(2):853, 2000.)

Head-to-tail
overlap

Tropomyosin

A kalcium koté ,,EF hand” (troponin C,
kalmodulin, stb.) molekularis szerkezete

A kalmodulin molekula sztérikus valtozasai

elix E

N\

W\,y’/
\
helix F

Figure 6.21 Schematic diagram of the
conformational changes of calmodulin upon
peptide binding. (a) In the free form the
calmodulin molecule is dumbbell-shaped
comprising two domains (red and green),
each having two EF hands with bound calcium
(yellow). (b) In the form with bound peptides
(blue) the o helix linker has been broken, the
two ends of the molecule are close together
and they form a compact globular complex.
The internal structure of each domain is
essentially unchanged. The bound peptide
binds as an o helix.




8.Izomrangas és tetanusz.

Az izomrangds lefolydsa a kiilonb6z6 tipusu
vazizmokban. Kontrakci6 szummadcié. Inkomplett és
komplett tetanusz, az izomkontrakcié erejének szabdlyozasa.
A kontrakcié mechanikai lefutdsa a szivizomban. Miért nem
tetanizalhaté a szivizom? A simaizom ténusos €s fazisos
0sszehuzodasa.

Izomrangas, inkomplett és komplett tetanusz

Myoplasmic Ca*+ \

Incomplete
fetanus

Tetanus force

Twitch force

I P11y Ll TR
Action

potential ) 1 sec
Time ———> > >|

B Fig. 12-15 Increasing the frequence of electrical stimulation of skeletal muscle results in an
increase in the force of contraction. This is attributable to a prolongation of the intracellular Ca?*
transient and is termed tetany. Incomplete tetany results from initiation of another intracellular Ca®*
transient before the muscle has completely relaxed. Thus, there is a summation of twitch forces. See
text for details.




Simaizom membran elektromos aktivitas és kontrakcio
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B Fig. 13-6 Relationships between membrane potential (E,) and force generation (F) in different
types of smooth muscle. A, Action potentials may be generated and lead to a twitch or larger
summed mechanical responses. Action potentials are characteristic of single-unit smooth muscles
(many viscera). Gap junctions permit the spread of action potentials throughout the tissue.
B, Rhythmic activity produced by slow waves that trigger action potentials. The contractions are
usually associated with a burst of action potentials. Slow oscillations in membrane potential usually
reflect the activity of electrogenic pumps in the cell membrane. C, Tonic contractile activity may be
related to the value of the membrane potential in the absence of action potentials. Graded changes
in E,, are common in multiunit smooth muscles (e.g.. vascular), where action potentials are not gen-
erated and propagated from cell to cell. D, Pharmacomechanical coupling; changes in force pro-
duced by the addition or removal (arrows) of drugs or hormones that have no significant effect on
the membrane potential.

9.1zometrias €s 1zotdnias kontrakcio, jelleggorbéik.

Az erd és a hossz Osszefiiggése redlis
koriilmények kozott. Az izometrids kontrakcio. A
bedllitott hossz Osszefiiggése a passziv és az aktiv
izomerOvel. Optimalis hossz. Az elOfeszités—izomerd
Osszefliiggés molekularis magyardzata. A maximalis
aktiv izomerd nagysaganak molekularis magyarazata.
Az izotonias kontrakci6. A Kezdeti sebesség — terhelés
diagram, Kkitiintetett pontok, lefutds, molekuléris
magyardzat. A szivizom kontrakcidjanak auxometrias
modellezése.




Izometrias kontrakcio jelleggorbéje
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M Fig. 12-20 Length-tension relationship in skeletal muscle. A, The experimental se_tup. Wh_ere
maximal isometric tetanic tensions are measured at various muscle lengths. B, How active te‘nslon
was calculated at various muscle lengths (i.e., by subtracting passive tension from total lensnc?n at
each muscle length). C, A plgt of active tension as a function of muscle length, with the predicted

overlap of thick and thin filajnents at selected points.

Az izometrias aktiv kontrakcié maximuma:
Az egy idépillanatban aktivalhat6é aktomiozin kereszthidak maximalis szamatdl fiigg.

Izot6nias kontrakcio jelleggorbéje
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B Fig. 12-21  Force-velocity relationship of skeletal muscle. The experimental setup is shown on
the right. The initial muscle length was constant, but the amount of weight that the muscle had to lift
during tetanic stimulation varied. Muscle shortening velocity while lifting these various amounts of
weight was measured. See text for details.

Az izotonias kontrakcio maximalis sebessége a kereszthid ciklizacié maximalis
sebességétol fiigg.




