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Single, very long, cylindrical, Branching chains of cells; Single, fusiform, uninucleate;

multinucleate cells with very uni- or binucleate; striations no striations
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Kasta Membran Permeabilitesi

«Sinir
PPy Pey/Py: Pya/Pr_ 1:0.1:0.01

sKas
PPy PePy: Pya/Pi_ 1:10:0.01

Cl permeabilitesinin ylksek olmasi membranin
stabilizasyonunu veancak yeterliblylklikte bir
son plak potansiyelinin AP dogurmasinisaglar
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Kasél maya giden ol aylar di zi s
-Bir U-motorneuronda b a k | aljyra aksiyon
Triad potansiyeli (AP) motoneuron terminallerine

y a y eelsigaptik a r a la@fyleholinesalar
-Acetylcholine kasta bir endplate potential

b a kK | kg hoémal kasta, bu potansiyeldaima bir
APo |l ukt ur ur

T n | o , -Kas AP (spike) sinirdekine - o kbenzer fakat
cistanry @ 7 o uzuns ¢ r bar mepolarize (hipopolarize) edici ard
of 5id | A potansiyelo | ma s @ o d ARys &, r wsndur

-Memeli -1 zgiklais @nsdgpke ol uck

me k ani znereesié- ian é k | aolam dex
ayneder

AP s ¢ r 2nssidir, ancakuzuns ¢ r errkuyruk

var. ¢ i z dgas bksiyon potansiyelindeki 4-5 ms
s ¢ r leypopolarizasyonkuyruk k &€ s A0 nlt

t ¢be¢l enylag e d & elektrokorikn olarak

Hypopolarizing tail y a n s éeoharakskabul edilmektedir

Eger kas glycerol ile muamele edilip T-t u b ¢
ortadan kal dér élbd ékuyeuk dlaé s r

ortadan kal ktg®@jzé e nAPy var ,fakat
kontraksiyon yok

Membrane potential, my

Time, msec



-T t ¢ b ¢ siskem kas u z u n | hoyunca ve
derinliklerinde sarkomerlerin kontraksiyonunun
senkronizasyonus aj | ar

-Memeli k a s | as @&k d@@kUdir akas lifinde
sadece bir sinir-kas k a v k@ & ©.dE€j r elifin
merkezineu | a K ma lkypopolarizasyonolmasa
idi, y ¢ z ey dngdibriller merkezdekilerden
‘nkeasél acakl ar dé

Hypopolarizing tail
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Tt ¢b¢l er si stemi sayesinde spi ke heéz
hemen ayné zamanda ul akeéer.

Daha az -sawy&lda Kul unmasé kastan dol a
kaybéné | imitler ve aktivite séraseéen
ake¢gmegl asyonunu | mitler

Hem sarkolemma hem de TTS de dinlenim potansiyelinden K ve CI sorumludur
ve ayné yojunlukta bulunurl ar-k apiejl er
K kanall aré 1 se sarkolemmada yojun-o
kapelé Na kanal yojunluju sadece or a
kadar deér



Table 7-1 The Distribution of Some lon Transport Sites
over the Sarcolemmma and Tubular System
of Vertebrate Skeletal Muscle*

o
||+

Density in
Tubules

Density in
Transport Site Role Sarcolemma

Hypopolarizing tail Na channel Action potential 0.7
Depolarization-
activated K channel Action potential 0.3
Cl channel (rat?) Resting potential 1
Inward rectifier K
channel Resting potential 1
Ca channel Ca influx >4
Time, msec Na*-K* pump Na/K gradients 0.15

‘After Aimers & Stirling, J. Membrane Biol. 77:169-186, 1984,
In frogs, Cl channels are reported to reside mainly in the
sarcolemma."

Membrane potential, my

=
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-Aksiyon potansiyeli s ar k ol etermmgn& a ps ad &X msasonra TTS in
ort al alr & fil&rdeki AP nin sarkolemmadaki AP ile a y mgénlikte o | d wég u
K e k igl° d galfftezdepolarizasyonanedeno | dgiPs t er.i | mi Kt i r

- Kas lifi boyunca AP y ay é | nrmyalmsiz ve a y n & pblir éksondakinden daha
yava&geiESatme mb r aepelarizeediimesizamana . é r

-Elektrofizyolojik terimlerle, TT sistemiAP me k a n i z nbacssyépukkapasitif y ¢ k
gbidavranér




-¥ r n eld&rak bir miyelinsiz aksonda(sinir lifi) membrank a p a s il iF&m?skén
ay R @ poir kaslifinde 4-10nF/cm?. K é s aba dahab ¢ y mémbrank apasi t
TTS O k at @kneembrandank ayna k|l anmakt adér

-Aksiyon potansiyelin azalan repolarizasyon k € s mé&asdifm terk edenb a K&
I yonTTa@8 deeK*a k ¢ m¢ | a snedenalun e g e - olactak orada K* denge
potansiyelini daha pozitif yapar. Bu K e k i gl °dre¢ dlakany a v aekk ¢ - dHik
afterdepolarizasyonanedenolur ki bu potansiyely ¢ z | nalisahiyeleride sonbulur
vetekrarlanan aktivitelers ér as epd a.nér | ar

- Bu g e afterdepolarizasyonesasolarak fizyolojik © n e sahiptir - ¢ n kugkas lif
kendi kendine p e r t @®larbtetanik uyarma yapma tehlikesi t a kTekrarlanan
aktivite tehlikesi intimalen iskeletk a Bflérinin sinir liflerinden f a r dtarak neden
dahab ¢y €lki | et kenilhitgiuyyag-u kd a€&lein@r

-Memeli k a s & diemimde ClI- i | et ki*™nilligtik endtahg b nydegkt .
(Pc/Pc®2 sinir; PCI/P°3-5 kas). B° y | espolarizasyonda Cl- gi r b gy ¢ K
miktarda K™ - & kgerelsinmi azalveeg bl menk*mak ¢ m¢g |l asyo
az a.lAtyéa réebceay, ik Cl-i | et kTel8 VelKj" a k ¢ m¢ | a s ydepolarireu n
edicietkisiniazaltmae J i | i mi ndedi r

-B a Kk kiraa - é k 1 AP mepolarizasyondad é K& o e€Clua k e mbrg gk bt k €
var vedahay a v depolarizeedici ard pot. evresindendelayedrectifier K*k a na | |
dinlenim durumuna g ° rKédahaazs e - i: & ° ly édmléminde 1001 iken 30:1
over Na*



Kal p kaseé Aksiyon Potansiy
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Transmembrane concentration and electrical
gradients for K+, Ca?+ and Na+*

Interstitial Auid

K*'4mM Na® 145 mM

Ca“* 2 mM
“+ - -
- + + . .
Concentration gradient

Ca?t

247
K* 135 mM Ca’ 10 mM Na* 10 mM Because [Ca<’],
is so small
(0.1uM), its
Electrochemical equilibrium potentials concentration will / [Ca 2+]
i i i — (]
determined from the Nernst equation be raised by Eq, = 30.8m V.log —
influx [Ca”™" ],
Ex—94 mV Eca+132mV ENg + 70 mV

I Diffusion down chemical gradient

l Diffusion down electrical gradient



Transmembrane potential changes and currents associated with action potentials

a Sinoatrial node (slow-type response) b Myocardial muscle fibres (fast-type response)
Transmembrane changes Transmembrane changes
100 ms 1Partial repolarization
2 Plateau
0 — 0 300 ms
0 Rapid (

depolarization :
I 3 Repolarization

Rapid 0

depolanzation

3 Repolarization

4 Resting

potentiat

4 4 Resting potential

Changes in ion conduction
— Outward K

Electrical activity 4
current 'lx.: ¢
Outward I Na

L4
Inward l Pkt T"‘

Inward

-
Some

current | "l

— Inward Ca*

current .. )
a

Reproduced with permission from Berne R M, Levy M N. Principles of Physiology. Mosby, 2000.




Kalp Atémenda B°l gese
Aksiyon Potansiyelleri

SA node
pacemaker

Atrial muscle ~ ——

Atrioventricular
node

Bundle branch

Purkinje fibers

Ventricular
muscle

Milliseconds




Kl eti m Yol akl ar e

Atral Muscle
Mo misec)
=A MNade. : AV MNode

(~0.05 m/sec)

Ventricular - Bundle of His
Muscle (~2 misec)

(~0.5 misec) ~ | eft & Right
) Bundle Branches

Furkinge [l A B el
i (~2 mfsec)
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Action Potential and ECG
Tracing Representative
of a Patient Without

LQTS (Black) and With
LQTS (Green)




Inward { '

currents

Outward

currents

100 ms Current  o-Subunit

b Nav1.5

Cavi1.2

Kv4.3

Kv1.5

Kv11.1
(hERG)

Kv7.1
(KvLQT1)

Kir2.1-2.3
Kir3.1/3.4

Kir6.2

CACNA1C

KCND3
KCNAS

HCNHZ2

KCNQ1

KCNJ2/12/4

KCNJ3/5

KCNJ11




Action Potential

C

current
sodium current SCNS5A (hH1)
L-type calcium current alC

T-type calcium current
Na-Ca exchange

Ito1 (4-AP sensitive)
I1o2 (Ca activated)

ettone. KCNQ1 + KCNE 11
Ikr HERG (+MiRP1)

_ . e CFTR, TWIK
Iki (inward rectifier) o e Kt 2.X

I; or |,, (pacemaker current)




4

LR
o
S
3
<

—
I LI | ) L] I I I LI | | ) LI L) | LI B | L] I ] LI L) I

VY

)
c
()
}
T
=}
o
()

2

et

L
()
E

relative current

I
150 200 25




D¢z kasl arda Aksiyon Pot ar

-Dinl eni mde, d¢z k ae®ileadkOsmW ocanr apsoétnadnas i dy
| skel et kasénénkine g°re 30 mV daha

-Aksi yon potansiyel.] | S Kk €
Kekil de da-nai tok¢zi Rgbeéa
fakatbumulti-uni t d¢z kasl ar da

Muscle

N fibers

- Slngle-u n I t d C y4 k as | ar é n a k ‘(a)VisceraI(single-unit) (b) Multiunit smooth

smooth muscle tissue muscle tissue

-Spi ke kKekl i ndeki aksiy

potansivyell eri el ektri
n°rotransmitterl er, ge
ol ukturul umaktadeér

-Pl ato saniyeler i-inde

ve uzun kaseéel mal ar dan



D ¢ zkaslarda Spontan Aksiyon Potansiyelleri : Yav a
dalgalar

_ 40 n [\

Slow waves

Seconds B Time

-d é adektriksel u y a agln@adan kendi kendine elektriksel uy ag leu Kkt ur
aksiyon potansiyelio | u Kkt ur a b bul dapel&rizasydnunslow wave ritmi
lei I 1 kki I i dir

- Bu slow wave bir aksiyon potansiyelid e | Dd i&kas, k ¢t | elsri r
Intrinsic © z el . Y3 k Ida3k @\ luk bir threshold potansiyelde,aksiyon
potansiyeli¢ r et 1 | 1 r

-Slow wave potansiyelinin nedeni tam olarak bilinmemesiner aj m&me r
Na/K pompa aktivitesindeki osilasyonlardank a y n a k |kaerkd @ jné& e d |
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D¢ z kaslarda Aksiyon
aktivitesinin gel i |l 1 mi

Membrane
_ Thraehakl Potantal
Foiential

Imy)

Wuscle

Tension

Potansiyeli

ve

kaseéel




Aksiyon  Potansiyel ol maks ékirée Multi -unit d ¢ :
kasta Depolarizasyon

Birmultt-uni t d¢gz kas bir n°rotran

ol duju ve kasél déjée zaman aksi
tem uni te 1 -1 ndeki tek bir |1 f
potansi yel ol ukturmak 1T -1 n - ¢
-D¢z kas h¢gcresinin y¢égzeyl nde
-yayél an bir depol ari zasyona n
bul unan 1T yoni k 1T |l etkenli kl er.




