AKCOHbI NpecTaBnAloT cobon OTHOCUTENBHO NPOCTOe MeMbpaHHoe obpasoBaHue,
obecneumBatoulee nposegeHme MM no HEPBHOMY BOIOKHY, 1 ANA BbINOMHEHMS 9TON

eHepauusa N[O B HenpoHax

dyHKUMKM ABYX OCHOBHbIX NpoBoanmMocTten (Na* n K*) BnonHe goctaTouHo.

HenpoHbI BbINOMHAT B 3HAYNTENBHOM CTENEHN 6orblue pa3zHOObpasHbIX PyHKUMIA,
CBsi3aHHbIX C 00pabOoTKOM HEPBHbIX CUrHANOB, N MO3TOMY XapakTePU3YHTCS CHOXHOWN
KOHJoMIypauuen MOHHbIX KaHarnoB, obecneymsaowmx MM u3bbImoYHbIe Bapnaumm

VIMI'IyJ'IbCHOI7I adKTNBHOCTM.

B membpaHax HEMPOHOB KpOME U3BECTHbLIX B MEMOpaHax akCOHOB

noteHumnan-3aesucumbix Na*- u K*-kaHanoB HangeHbl
noTeHyunan-3aesmcumble Ca’*-kaHansl,
Ca?*-aktuBupyemble K*-kanansi,

KaHanbl, akTUBMpPYEeMble rmnepnonapusaumnen,
NOH-HEeCeneKTUBHbIE KaTUOHHbIE TOKU

N HEKOTOPbIE Apyrue.

Pa3HoobpasHble KOHJUIypaumm NOHHbIX KaHanoB B MembpaHax HEMPOHOB
NO3BOMNAOT M3MEHATb chopmy [l 1 naTTepHbl UMNYIbCHbIX Pa3psifoB. Takve
MoaynauMm MMNySibCHOW akTUBHOCTHU, B 4ACTHOCTM, BaXKHbBI B MPECHHANTUHECKUX
aKCOHHbIX TepMUHansXx, rae Yyepes sxon Ca?” perynmpyemﬂ BblIbpoC megmaTtopa.



lNMepBble 3anUCK NOHHbIX TOKOB, MPOTEeKalLiue yepes
oTAaesNibHble KaHanbl
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Single-channel currents recorded from | © |>
membrane of denervated frog muscle fibres
ErwiN NEHER

Yale University School of Medicine,
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Fig. 2 Oscilloscope recording of current
through a patch of membrane of approxi-
mately 10 um?. Downward deflection of the
trace represents inward current. The pipette
contained 2x10~7 M SubCh in Ringer’s
solution. The experiment was carried out with
a denervated hypersensitive frog cutaneus
pectoris (Rana pipiens) muscle in normal frog
Ringer’s solution. The record was filtered at
250 ms a bandwidth of 200 Hz. Membrane
potential: —120 mV. Temperature: 8 °C.
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UOHHbIe TOKW, nporTeKkawuwue 4yepes3 otaesibHbie KaHalbl

Bo3MOXHOCTb nccnefoBaHus NokasibHbIX MOHHbIX TOKOB, NMPOTEKaLWnX Yepes
oTaernbHble KaHanbl MeMOpaH HEMPOHOB, NOsIBUNAach B pesynsrate pasBuUTmd
METOANYECKNX NPUEMOB, Ha3biBaeMbIX floKanbHOM oukcaunen (aurn., patch
clamp).

[1na aTon uenun ucnosb3yT TOHKME MUNETKN C AUaMeTPOM OKOS10 1 MKM U MEHbLUE,
KOTOpbI€ TECHO COMNpUKacalTCsa C KNeTo4HbIMKU MeMmbpaHamu. Beicokoe
COMPOTMBIIEHME TAKOro KOHTaKTa No3BONSIET PErMCTPUPOBaTL crnabble TOKM,
npoxoadwme Yepes gparMeHT MeMbpaHbl, KOHTAKTUPYIOLWLNN C KOHYMKOM MUMETKN.

A ¢

> peructpaums

nuneTka

]



MeToa nokanbHou (puKcauum yyactka MemMbpaHbl

(aHrn., patch clamp)
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UOHHbLIE TOKM, npoTeKkarwuuue 4yepe3 otaesibHbie KaHalbl

OTKprTI/Ie N 3aKpbITUE€ MOHHbIX KaHaJ1oB OTpaXakoTCA B BNAE NPAMOYIOJ1IbHbIX
TOKOBbIX CUrHanoB. PasnunyHble NnaTtTepHbl akKTUBHOCTU OTAOEJIbHOIO KaHarla.
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MOHHbIE TOKM, npoTeKawiiune 4yepe3 otaesibHbi€e KaHalbl

OTKpbITUE M 3aKPbITUE NOHHBIX KAHANOB OTPaXXaloTCs B BUAE MPSIMOYTONbHbIX
TOKOBbIX curHanoB. CBOMCTBa MakpOTOKOB, BNepBble 3aperMcTpUpoBaHHbIX B
aKCOHe Karnbmapa, B AarnbHenLleM Obinn BbIABMNEHbI A1 TOKOB OTAENbHbIX

KaHanos.
b

[1ns cpaBHEHUA npuBeaeH

Na*-ToK B ruraHTCKOM aKCoOHe




IOHHbIE TOKMN, NpoTeKakwLWwne Hepea oTaelibHble KaHallbl

Na+ channels K+ channels
Na*-un K*-tokms A B |
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npuBegeHbl Na*- n K*-toku

0
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NOHHbIE TOKU, rnporteKkarwwmne 4Yepes otTaesibHbl€ KaHallbl
Na*- u K*-Toku B
OoTOesNbHbIX KaHanax

A Toku ojuHoyHOro Na-kaHasa

—40 mB

B Toku ogunounoro K-kanana
+50
5 =100 MB
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IOHHbIE TOKMN, NpoTeKakwLWwne Hepea oTaelibHble KaHallbl

Na*- n K*-toku B
OTAENbHbIX KaHanax

[na cpaBHeHUSA
npuBeaeHbl Na*- n K*-toku

B TMNrAHTCKOM aKCOHe
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A Toku oguHouHoro Na-kaHasa

—40 MB

lOHHbIE TOKW, NpoTeKkawwne - e g
yepes oTaenbHble Na™-kaHanbl

?

0,5 nA
[E
]

!
0 5 10 15
Bpewmsi, mc

A) Boporras ¢pyukiusa oguHo9HbX Na-kanaios. [IoTu-kinaMn peructpaius TOKOB O1U-
HOYHBIX Na-KaHAJOB B MBIIICYHOM BOJOKHE MBIIIY IIPU CTYIIEHYATOM CIBUTe HAIIPAXKCHUA
or —80 go —40 mB. Perucrpamnusa B KOHPUIYpalluu «KJIeTKA TPUKPEILICHAY B YCIOBUAX
nenojsipusanuu BoaokHa nonamu Cs. B Bepxuen gactu pucyska mzoOpaxkessl 10 mocie-
MOBATEJIbHBIX 3aIIMCEH TOKOB IPH IIOJ0OCe mponycKanusa puibTpa 3 KI'u. Bepxusas samucs
TOKa OTpaxKaeT OJHOBPEMEHHOE OTKPBIBAHWE IBYX KAaHAJOB, OCTAJbHBIC 3AaIlUCH COOT-
BETCTBYIOT OTKPBIBAHUIO JHUIIL OJHOrO KaHauda. MccrenyeMuin MeMOpaHHBIN (DparMeHT
(mo>14) BO3MOXKHO cogepxuT > 10 Na-kamanos. Huxkusas gacTe pucyHKa m300pakaeT
TOKOBYI KPUBYIO, IOIYYECHHYIO B Pe3yJbTaTe YCPEeIHEHUA TOKOB II0 aHCAMOJIO.



B  Toxu ogunouynoro K-kanana

+50

& | |=100 wB

loHHbIE TOKU, NpOTEKaloLme
yepes oTaenbHblie K*-kaHanbl

YcepennenHslit K-Tok

VAT A

1 nA

! L i 1
0 10 20 30 40

Bpewmsi, Mc

B) Boporuas ¢yukuus oauaodHbx K-kanamos. IIoTy-kiraMmn perucrpamus TOKOB OIu-
HOYHEIX K-KaHAJIOB B TUMaHTCKOM aKCOHE KaJdbMapa IIPHU CTYINEHYATBIX CIBUTAX HaIps-
xkeuusa ot —100 go +50 mB. Bo uzbexanne KOHTAKTa ¢ OKPYKAIIIMI IIIBAHHOBCKUMHA
KIeTKAMH aKCOH OBLT HaApe3aH, W MHKPOIMIETKA NIpIKaTa K IMUTOILIA3MATHICCKOU
IOBEPXHOCTH MeMOpaHbl. B Bepxuen yacTu pucyHKa IpUBeIeHbl 9 mOCaIe10BaTeIbHBIX 3a-
IICEH TOKOB 4epe3 KaHaJabl ¢ IpoBoIuMOCTh0 20 mCMm. Huxkuaa kpupas uzobpaxkaer pe-
3YJbTAT YCPEIHEHUSA TOKOB O JUHOYHBIX KAHAJIOB 110 aHcaMOao (yepearaerue 20 3amucen).




IOHHblE TOKN, NnpoTeKakwwmne Hepes oTtaeliibHble KaHarllbl

Na+ channels K+ channels
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/IOHHbIE TOKMN, NpPpoTEeKakwLWwne Hepea oTaelibHble KaHarllbl

C vcnonb3oBaHMEM MeTOAa floKanbHOM domkcaumm B MembpaHax HEMPOHOB BbInn
OTKPbITbl U UCCNeAoBaHbl pasfindHble NOTEHUMAr-3aBUCUMbIE KaHarbl (Mo
KOTOPbIM TEKYT onpeaerieHHble TOKN) ANst OCHOBHbIX MOHOB. OTW KaHanbl UrpatoT
onpeaeneHHyo posib B MEXaHU3Max akTUBaUMN KNETOYHbIX MeMOpaH.

BXoadLwne ToOKn BbIXo4ALLUNEe TOKU
aenonsipusauus aenonspusaums
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IOHHBbIE TOKN, NpoTeEKarLWne 4Yepea oTaesibHble KaHallbl

MbILLIEYHOrO BOMIOKHa Npeacepans

The atrial potential and time
course of the main ionic currents
responsible for each phase. The
main ion currents, their alpha
subunit and responsible genes
are listed on the right.
Depolarizing currents are in gray
and repolarising currents in black
(modified from Schotten et al.,
2011).

S0 ms

TidhliG

Current

Ina

a subunit Gene

NAv1.5 SCNba

Cav1.2 CACNA1C

Kv4.3 KCND3
Kv1.5 KCNAS
Kv11.1 HCNH2
Kv7.1 KCNQ1

Kir2.1-2.3 KCNJ2/12/4

NCX1 NCX1
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VlOHHBbIE TOKM, NpoTeKarLne yepes
OTAErNbHble KaHanbl KApAMoOMUOLIMTOB

Schematic representation of a human ventricular
action potential (top panel). Numbers denote the
different phases of the ventricular action
potential. The dashed line represents phase 4
depolarization normally present in cells from the
conduction system and not in ventricular CMs.
Underlying ionic membrane currents and their
schematic time course are depicted below.

.» Na* current;

L-type Ca?* current;

caT T-type Ca?* current;

transient outward current type 1;

Cicay Ca®* activated CI™ current, also called I, ,
. ultra rapid component of the delayed rect|f|er K*
current,

... rapid component of the delayed rectifier K*
current;

., sSlow component of the delayed rectifier K*
current;

IK1, inward rectifier K* current;

., funny current;

'ch’ Na*/Ca?* exchange current.



CDyHKLI,I/IOHaJ'IbHaFI pPOJib NOTEHUUNAJ1-3aBUCNMbIX TOKOB

[oTeHuman-3aBUCUMbIE KaHanbl (M NPONycKaemMble UMW TOKW) pa3aensioT

MO pasfNyHbiM CBONCTBAM (KpUTEPUAM):

1) Mopor

BbloenaiT HU3Ko- 1 BbICOKOMNMOpPOroBbieé TOKN, KOTOPbl€e BO3HNKAKOT, COOTBETCTBEHHO, NMPU
HebonbLUKX U CyweCTBEHHbIX KonebaHuax MeM6paHHOI'O noTteHuynana otHocuTensHo [MI1.

BXogdAWmMe TOKN

genonapusauuna

2) BpemMeHHaa AMHaMUKa ToKa : Na*
Nat T
Tokun ObiBatoT ,
dra3unueckue (aHrn., transient), unu R W
ObICTPO MHAKTUBUPYHOLLMECS, I ..
"N Bl

- HenpepbiBHbIE (sustained),
- YCTOMYMBbIE, MOCTOAHHbIE (persistent),
- npogormxkuteneHole (long lasting). 10

ool
I
h—_—\\\\\“\\5&‘Eﬁaiﬁ§:_—~__[\_

N prVTenbHbIEe: h —\/
e

rmnepnonsapusauusa

BbIXO4dALNE TOKA

agenonapusauuma
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HaTpueBble TOKHU

OBa Na'-Toka LUMPOKO pacrnpoCTpaHeHbl Cpean HEMPOHOB PasfUYHbIX Yac-
TEeW HEPBHOU CUCTEMBI.

3TV TOKM pasnMYaroTCs Mo Mopory akTMBaLMK, CTENEHM UHAKTUBALMN N aM-
nnMTyae.

INa,t (transient). VIHakTUBUPYETCA B TEYEHUE HECKONbKUX MWUNIINCEKYHA.
Bce nccnepgoBaHHble Ha cerogHs HenpoHbl LIHC obnapatoT BbICOKOAMMIIN-

TYAHBIM INa,t B TO BpeMA KaK INa,p CyweCTtBeHHO MeHbLUe Mo amMninTyane.

bbICTpaa akTuBauMsa N MHaKTUBaAUMA AenaeT dTOT TOK uaeasibHbIM 4NA Bbl-
NONHEeHUs ponu reHepauum M.

internal potential

B. I (from curront
s _L . with reduced Na)

A. Iy, +Ig (curront
10 aenonspusauus //"/’”/ with'460 sane-Nay

-100 —
Na*

’Nat {

INap—\

timo (msoc)

FIGURE 9. Separation of current into components carried by Na and K, from Hodgkin &
Huxley (rg52a, figure 5). A depolarization of 56 mV was applied at #=0; the temperature
was 8:5°C. Ouiward current is shown upwards.




HaTpueBble TOKHU

INa,p (persistent, Ha cnanae obo3Ha4veH Kak Iya+ siow)

bbiCcTpo aktuBupyetTca npu genongpusauum ot -65 go -40 mB n meaneHHo
nHaktusupyetcs. [ogodHO CMHaNTUYeCKOMy noTeHuuarny, 3HauMmMo NoaAep Ku-
BaeT memMOpaHHbIN NoTeHUMan okono nopora reHepauuu M. JononHntenbHas
Aenonapusauus ycunusaeT OTBET HEMPOHA Ha npuxoadauiee Bo3dyxaeHne, no-
3TOMY 3TOT [TOK BNMAET Ha yactoTy [l n natTrepH puTMnUYeCcKon akTUBHOCTH.

agenondpusauua
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UHakTnBauua Na*-kaHanoB
MOXET USMEHATLCA B 3aBUCUMOCTUN OT NX CTPOEHUA

1.0

0B CmeLLeHne KpMBOM NHAKTMBALIMKN B CTOPOHY

rmnepnondapundaumm BbiaBaHoO HaJindineM B

0.4} cocTaBe Oernka kaHana 3,-cyobeanHuubI.
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HaTpueBble TOKK

haweax NALCH  (NALeakCHannels) (Tok yTeuku) sBnsietcs noTteHuman-
" He3aBMCMMbIM TOKOM, MNPOTEKAET MO HEeWHaKTUBUPYHOLLMMCA KaHanam u

obecneumBaetr Bknag B (1T memOpanbl (0,04 OT yTeYkM Kanuesown
NPOBOAUMOCTU, MO XOOXKKNHY ).

MO,EI,I/ICbI/IKaLI,I/II/I JTON0 TOKa LWNPOKUM HaGOpOM HeﬁpOMOﬂyﬂﬂTOpOB MOTyT
npmneoaunTb K AnntTesibHOMy M3aMEHEHUIO MeM6paHHOFO noTeHuunarna.

FEBS 21554 FEBS Letters 445 (1999) 231-236

Cloning of a novel four repeat protein related to voltage-gated sodium | (PA)
and calcium channels
Jung-Ha Lee, Leanne L. Cribbs, Edward Perez-Reyes* NALCN
-80 -40 +40 /+8O
1 s = 1 1 1 1
V (mV)
Ca

Na




KanbuueBblie TOKHU

Ca“*-kaHanbl MPUCYTCTBYIOT Y BCEX HEMPOHOB W BBIMOMHSIOT BaXHbIE OYHKLNM:

Ca**-kaHanbl MMEeT MECTO BO BCEX YacTHX HEMpOHa (eHapuTax, COMe, CUHanTu4e-
CKOW TepMUHANM) 1N onpeaensatoT 3reKTpodUsnNorormieckme CBOMCTBa 3TUX YacTeW
HenpoHa.

Ca2+-KaHaJ'IbI YHUKallbHbl TEM, 4TO Ca2+ ABINASTCA BTOPUYHBIM MOCPEAHUKOM U €r0
BXO4 B KIEeTKY BJIMAST Ha MHOXEeCTBO d)I/I3I/IOJ'IOFI/ILleCKI/IX (byHKLI,I/IVI, BKINMKOYaA BblAe-
neHne Mejgmartopa, CUHanTU4eCKyr nnactn4HOCTb, pa3BUTHUE He|7|pOHHbIX OTPOCTKOB
N SKCNpPeCcCUo reHoB.

Ca“*-Tokv pa3fensioT No KpUTEPUSIM:
(1) WX YYyBCTBUTENBHOCTU K BENUYMHE MEeMOpPaHHOIo NnoTeHUmana,

(2) KMHeTWKe akTMBaUUKM (M MHaAKTUBaLMW),
(3) cneundunyecknm dapmakornormieckumMmm driokatopam.



KanbuuneBble TOKHU

Ca?*-TOKu BHOCAT HECYLLECTBEHHbIN
BKnapg B nepegHumn ppoHT ML n3-3a nx . Oversho7(\
MeOJSIEHHOU KUHETUKN aKTUBaLUN.

Falling
Ho OHUM aKkTNBUPYIOTCS BO BPpeEMS P
OOCTMXXEHUA MMKOBOW Aenonapusaumm Threshold | """ &

rllul’ Korfa Na+-KaHaﬂb| y>Ke Vo pomm;ga(;_ ' ' ' Affter hyper polarization
NHaKTUBUPOBaHbI, 1 MakCMMarnbHasa ux my —
BblpaXX€HHOCTbL COBMagaeT ¢ dpba3on

penonspusauum. :

Different types of action potentials

/\ \ Myacardiocyte
Takue cBoricTBa Bxogsawmx Ca%*-tokos 0
yBenu4mearoT npogosmkutensHocTb MM, \ ’
a Takxke BIUAIT Ha UX popmy
naTTepPHbl UMMYNbCHbLIX Pa3psaoB. L_

ms 100 ms
YBenuyeHune npogormkntenoHoctu N B ¢ e

aKCOHHbIX TEpMUHANAX 3a cyeT
yBenuyeHHoro sxoga Ca?* npusoamuT K 0
NOBbILLEHWNIO BblAeneHns meamnatopa.

Smooth Pancraas
muscle beta-cell

N N

200 ms es

-80- -
mvV



KanbuueBblie TOKU

BonblunHcTeo Ca?*-kaHanoB akTUBUPYETCS MPU BLICOKOM YPOBHE
aenondapusauum memopansl ot —20 o —10 mB.

OTu kaHarbl NPOBOAAT Bbicokonoporosble Toku |, I IP/Q nli,.

I3BecTeH TOMbLKO OAUH TUM HU3KONoporosbiXx Ca’*-kaHanoB KOTOPbIiA
rporyckaeT COOTBETCTBYOLMM TOK L.



BbICOKOI'IOpOI'OBbIe KalibuuneBbleé TOKU

Bbicokonopozoenie (nopor ot —20 o —10 mB) Ca?*-moku no6asnsiot nopLuuto
nenonsapusauum npu reHepauum NI, Ho 6onee BaxkHOE NX 3HA4YEHUE COCTOUT B
TOM, 4To Ca?*, nonagas B KneTky, aktmsupyet Ca2*-3aBucumble K*-Tokun, KoTopble
obecneuymBaloT penonspuaunio MemopaHbi.

et —

e

I, (Long-lasting, NpOJOIMKNTENbHBIN) UMEET BbICOKUIA MOPOT akTUBaLMy
(0|<ono —10 MmB), nHakTnBupyetcs cpaBHUTENLHO Meas1ieHHO. B CeHCOpPHbIX
HenpoHax obecnevynBaeT NpoLecc BbICBOOOXAEHNA MeaNnaTopoB.

(Nelther HU TOT, HXU OPYron; MMeeTCs B BUAY HU I HU I ; Korga 6bIn oTKpbIT 1,
Oblnn M3BECTHbI ToNbKO I 1 | ) akTMBUpYyeTcs an —20 MB NHaKTUBMPYETCS Npwu
no,quepmmsarol_uemc;l nenompmsaumm M MOAYNUPYETCA PasHLIMK
Meamnatopamun. B HenmpoHax LUHC n nepndepunyeckon HepBHOW CUCTEMbI
obecneymBaeT NpoLecc BbICBODOXAEHUSA MEANaTOPOB.
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BbICOKOI'IOpOFOBbIe KalibuuneBbleé TOKU

I, (Purkinje) Bnepsble
3aperncTpupoBaH B Knetkax [NypkuHbe.

[MpoBOAUTCA NO ABYM Pa3HOBUOHOCTSM
(P n Q) kaHanos P/Q-Tuna, KoTopble
NpakTUYeCKN HepasnninMbl 3a
NCKMIOYEHNEM UX YYBCTBUTENBHOCTU K
obLwemy bnokartopy.

o BB
| SE TR
s

g &
—T
{

s

amnnuryaa (MB)
S

OTOT TOK obecneymBaeT reHepauuto
neHapuTHbIX Ca’*-cnainkos, KOTopbIe
MOAYNNPYIOT YaCcTOTY paspsiga HENMPOHaA, 20 |-
npepbiBasi TOHUYECKYHO G- —
nocrieaoBaTeNlbHOCTb COMaTUYECKNX 0 100 200 300
Na*/K* MA.

B HenpoHax LIHC n HepBHO-MbILLEYHbIX
CUHarcax obecrneymBaeT npouecc
BbICBOOOXOEeHNA MeanaTtopa.



o4 Cerebellar Purkinje cell
BbicokonoporoBbie Ca“ -Toku

IP[Q obecneumBaeT reHepauuMio AeHAPUTHbIX Ca*'-
CrMamkoB, KOTOpble MOAYNUPYKT 4YacToTy paspsia
HEMpPOHa, npepbiBag TOHWYECKYKD MocneaoBaTeb-
HocTb comaTudeckux Na'/K" MA.

! 200 ms

Cerebellum




BbicokonoporoBble Ca**-Toku

Bbicokonoporosble Ca’*-kaHarnbl 4,06aBNSAI0OT NOPLMIO 4ENONApU3aLmnn npu re-
Hepauuu [, Ho Bonee BaxHoe UX 3HAYEHME COCTOUT B TOM, YTO Ca”’, nona-
nas B knetky, aktusupyet (!!!) Ca®*-3aBucumbie K'-Toku, koTopble obecneuu-
BalOT penonapusaunto MmembpaHsbi.

®
\ S . ®

Acetylcholine Calcium-activated
receptor potassium channel




BbICOKOI'IOpOI'OBbIe KalibuuneBbleé TOKU

I, (“Residual).

IﬁsHaqaano KaHasn, NpoBOASLLMN 3TOT TOK, OblST OTHECEH K 5
NPOMEXYTOYHOMY TUMY, KOTOPbLIN MO CBOUM B1odn3n4yecknm CBOMCTBaM
HaxoauTCA MeXAy BbICOKO- U HU3KOMOPOroBbIMW KaHanamu, HO Mo
dapmakonorm4ecknm cBomcTBam Oblin 6rIN30K K BbICOKOMOPOroBbIM
KaHanam.

[loaTOMy 3TW KaHarbl B aHrMosA3bl4HOM nuTeparype Obin Ha3BaHb!
«residual» (R-tuna), T.e. «0CTaBWUMMUNCS HEODBACHEHHLIMNY.

OTOT TOK aKTUBUPYETCS MNPU BbICOKOM YPOBHE Aenonspusaunm n Hapsay
c apyrumm Bxogsiummm Tokamu (I, I_'n | ) obecneunBaet
[ONOMHUTENbHYIO Aenonapu3aauing’Bo Bpelis penonapusaumm
mMemMOpaHbl (HUucxogswen gasol INM0).

B HenpoHax LUHC v nepudepunyeckomn HepBHOU cUCTEMBI 0becnevynBaeT
npouecc BbICBOBOXOEHNA MeanaTopoB U TOPMOHOB.



UHakTuBaums Bbicokonoporosbix Ca%*-TokoB
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HI/I3KOI10pOrOBbIe KalibLuuneBble TOKU

I (transient, chasndeckun)

EAVHCTBEHHbIN HU3KOMOpo20ebili Ca?*-mok , KoTopbli obecrneunsaeT
puTMuyecknmn paspsg (nadkum) M.

Q10T TOK akTUBMpYyeTcs npmu —65 mB (Na*/K* T nmeet nopor —55 mB)
NHaKTUBUPYETCA MPU YCTONYMBOMN Oenonspusaumu.

I_ o6ecneunsaet npogormkunTensHble Ca*-cnamkm NpoaoIKUTENbHOCTBIO
50-100 Mc. Takas nenonapusauus cHmkaeT nopor anda Na*/K* M, v
HENPOH reHepupyeT BbICOKOYACTOTHLIE NaYkM UMIMYIbCOB.

CoBceM HegaBHO NokasaHo, 4YTo B HeVIpOHaX ATOT TOK KOHTPOJINPYET
IK30UNTO3 MEONATOPOB N3 BE3INKYII.




A -=— depolarizing current
40~ —™- repolarizing current
S 2 s
£ 1 100 ms
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KnHeTnka HU3Ko- n BbICOKOMOPOroBbiX KalibLnneBbIX TOKOB

I; Is By I v I
(A} T-TYPE CURRENTS (B) L-TYPE CURRENTS
+*10 mVY
En 20 mV ]

lnean ==~ R Tt SN L o o e 0 s s s e e T S
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Time {ms)
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TONYMBON [ 2aButSivnerL ] nmeeT nopor
10T TOK 0becneumBaeT

cnankun (

HuskonoporoBbie Ca**-Toku

putMmudeckuin paspsag (nadkn) 4. AxkTuBupyetcs

50-100

=55 MB). NHakTusnpyetciPY

NPOAOIKUTENBHBIBUC A -
BbICOKOYACTOT-

Hble NaQkAM@PoMGIx Na'-KHa OHE KOTOPbIX FeHepUpyIoTCs

F Burst firing

-85 mV ':'}uuf\
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G No bursting
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Burst Mode
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D Decreased response to depolarization

——

B Enhanced repolarization

Hopma

C Delayed firing

A

L

lNa + IK

E Slowed

Y

fem
.
+ lapp —

Ca?t

firing rate

Afterhyperpolarization|

__J,,___L-_\

Depolarize

(Inactivates I,) |

No bursting
@mm/-/,J
+ /T

Ca?*'-Tok uHakK

TUBUPOBAH




KanuneBble TOKU

®PyHKkUMKM K*-kaHanoB MHOroobpasHbl 1 BbIXOAAT Jarneko 3a npeaenbl NpoLeccoB
MEXHENPOHHOW CUrHanunsauum, B YaCTHOCTU, B HEBO3OYAUMbIX MeMbpaHax. Mbl

orpaHM4YnMMcst TeMn PyHKUMSMK, KoTopble K -kaHarnbl BbINOMHAT B MeEMOpaHax

HENPOHOB.

MHoroobpasuve a—cyobeanHul K*-kaHanoB, CyLLLECTBOBaAHUE ABYX
BCriomMoraTesbHbIX B-CybbeanHuL, a Takke BO3MOXHOCTb CTPYKTYPHOW MOAYyNsSLNK
NepPBUYHON CTPYKTYpPbl KaHanbHoOro 6enka npu AencTemMm BHyTpUKNeTo4YHoro Ca<’,
doochopunmpoBaHus N akTUBHbIX cybbeanHuny G-6enkoB npeanonaraeT, 4YTo
noTeHumnanbHble QYHKUNOHAaNbHblIE BO3MOXHOCTU K*-kaHanoB BecbMa
MHOroo0pasHsl.

HecmoTpa Ha 9To B HaAcTosiLLee BpeEMS UccregoBaHa Tofbko HEDOMNbLLAsA YacTb
MHoOro4mcreHHblx K*-tokoB. Tem He MeHee, HECKOMNbKO PyHKLIMOHANbHbIX
npumepoB K*-TOKOB ONnMcaHo BO MHOTMX HEMPOHHbLIX NONYNSALUNNAX.

[TOCKOSbKY 3TK TOKM BbIXOASILLNE, OHM 0DecnevnBatloT He TOSbKO penonapusaunio
MemMOpaHbl, HO U BNUSAOT Ha BEPOATHOCTb reHepauuu MNL.

K*-Toku pasgenstoT no (1) ux 4yBCTBUTENbHOCTY K BENUYMHE MEMOpPaHHOro
noTeHyuana, (2) KMHeTUKE akTuBaUnM N MHaKTMBaUMK, a Takke (3) bnokaae
drapmakosiormieckumMmmn areHTamu.



KanuneBble TOKU

IK (K*-Tok 3aaepkaHHOro BbINPAMIIEHUSA) ABNAETCA rMaBHbIM TOKOM B MeMOpaHax
bonbLWMHCTBA BO30OYANMBIX KITETOK.

[Mpn gocTmkeHUn noTeHumana nopora (okono -50 mB) ero npoBoanMocTb NpsiMo
3aBUCUT OT YPOBHA CTYNEHbLKU aKTUBUPYIOLLLEW Aenonapusaumn.

OTOT TOK MeSIEHHO MHAKTUBUPYETCA N BNSET Ha nepeaHun opoHT M n,
criegoBaTeribHO, Ha ero NPoAOSMKUTESTbHOCTb.

Ero aktnBauusa HacTynaeT HECKOSIbKO Mo3Xe, YeM akTuBaLums cba3|/|qe0|<oro IN -
TOKa, OTBETCTBEHHOIO 3a reHepaumio socxoasien dasol M. 1 K obecneunsae’
penonspusauuvo U cnegosyto rmnepnonapusaumntio Membpansl rocne passutus MN[.

internal potential

B. I (from curront
with reduced Na)
A. Iy, +Ig (curront
with 460 mm-Na)




Ca?*-akTuBMpPYyeMble Kannesble TOKM

I ., @KTMBMPYIOTCA Npy Aenonsapu3aumy B ycnosvmx NOBbILLIEHUSA
" BHYTPUKINETOYHOW KoHUeHTpauun Ca?*

I, yBennuvsaeTca ¢ aenonsapusaumen membparbl. Perynupyet yactoty I npu
NPOAOIMKUTENBHOW Aenonsapusauuu, obecneynBas runepnonsipmsaumio nocrne
kakgoro M. Mockorbky I, 3aBMCUT OT NoTeHuMana, OH UHaKTMBMPYeTCs
cpasy nocne penonﬂpmsau,wvl meMbpaHbl. MHakTuBaLmMs orpaHn4YnBaeT
BpeMeHHOMN nHTepBsan BnuaHua I, 0o 10 Mc 1 MeHbLue.

B Enhanced repolarization

A~
90 I B




(Inactivates I;)

B Enhanced repolarization C Delayed firing
‘‘‘‘‘ ———— -710mV _— —
+ £ 1 L l l + IA
K 1 ~ | |Hopma
D Decreased response to depolarization A E Slowed firing rate
INa + IK
g > Afterhyperpolarization
| T
il N ok g il 4 "‘L'J’"‘\E
s —— / I l l l I + app — —
30 ms K — -
7 N
F Burst firing \? No bursting
-85 mV -60 mV /— St
Depolarize




Ca?*-akTuBMpPYyeMble Kannesble TOKM

I ., @KTMBMPYIOTCA NpyY Aenonsapu3aumy B ycnosmx NOBbILLIEHUSA
" BHYTPUKINETOYHOW KOHLUeHTpauun Ca?*

IAHP (ot anrn., After Hyper Polarization, cnegoasi runepnonapusauus) B otnmine

oT IC 3Ha4YnTENbHO MeaneHHee n cnabo 3aBMUCUT OT NOTEHUKMana.
I'Io,qp,ep>KMBaeT AIMNTEINbHYKO CJ1€OO0BYHO FI/II'IepI'IOJ'IFlpM3aLI,I/II-O nocrie Cepl/ll/l
BblCOKOYacCTOTHbIX [/, YMEHbLIAaA 4aCToTy pa3pdaa HeI/IpOHa npu yCTOI/I‘-II/IBOI/I

aenondapmn3aumnn n Tem CamMmbiM obecneynBas HYaCTOTHYH adanTtaunto
I/IMI'IyJ'IbCHOI7I adKTUBHOCTMW.

Hopma

A / E Slowed firing rate
INa + IK

> \ ] ’ Afterhyperpolarization
_/ Wi s




Na*-akTuBmpyemble KanneBble TOKM

NHorga (Hanpumep, B OTCYTCTBME UMK MPU HU3KOW KOHLEHTPaLUK
BHyTpukneTouHoro Ca?*) HekoTopble Ca?*-akTnsupyemble K*-Toku 3aBucat
TakKKe U OT YBENUYEHUS BHYTPUKNETOYHOM KOHUEeHTpaunn Na* Bo Bpems
reHepauuu M. Takne Tokmn BbigenstoT B rpynny Na*-akmueupyembix K-

mokoe (I .)-



KanuneBbie TOKu

Ca%- -

IK,Ca
AKTUBUPYIOTCA NPUN YBENMNYEHNN BHYTPUKNETOYHON KOHUEHTpaLUMK Ca*". Bbige-

neHo gea Ca**-3aBncumbIix Toka.

Acetylcholine Calcium-activated
receptor potassium channel




Kanuesble TOKK
I, (pasnyeckuin K*-TOK) BbINOSHAET CBOKO POrb B KNeTKax Hapaay ¢ /.

I, B MeHbLLEN CTENEHN 3aBUCUT OT YPOBHSI AenonsipusaLm no CpaBHEHUIO C
Tokamu I v I, aktuenpyetcs npu —60 MB 1 ObICTPO MHAKTUBUPYETCS.
I/IHaKTMBame aTOro TOKA yCTpaHseTCs nocre penondapusaunm memopaHsol.

I, 3apepxvBaeT npouecc reHepauuy nepsoro [, a Takke CHXaeT YacToTy
paspsga HempoHa rnpu yctonymson genonspudaumm. CxoaHbIMMU CBOMCTBAMMU
akTuBauum obnagaet I, Tonbko B OTnnyme ot /, 3TOT TOK MEANEHHO
NHaKTUBUPYETCS, YTO I'IpI/IBO,EI,l/IT K YOSIMHEHNIO I'ﬁ:l

C Delayed firing

N

TemVL =7 = e

+IA m




B Enhanced repolarization C Delayed firing
- — 70mV _— YN
*le l LL __|Hopma B —
V.
x|
D Decreased response to depolarization A E Slowed firing rate
INa + IK
o < > Afterhyperpolarization|
| T |
|~ et
)— \\ + IM (}/— \E__
——— T — J I l l I i + Iapp — S
30 ms K — -
7 N\
F Burst firing / G No bursting
-85 mV -60 mV <
L T
Depolarize
3 [ (Inactivates I,) + It




Pa3geneHune IK n IA

-5 mV

Epp (mV)
i
E

Anisdoris  5°C

Iy (MV)

Tune (s)

2 SEPARATION OF I, FROM OTHER CURRENTS

Voltage-clamp currents from a nudibranch neuron depolarized in a step
to —5 mV from different holding potentials. Trace iy + I, is the total
outward current during a step from a holding potential £, = —80 mV,
Trace I is the outward current during a step from £y = —40 mV,
where K, channels are already inactivated. The dashed line ({,) is the
difference of the lwo experimental records. T = 5°C. [From Connor and
Stevens, 1971a.)



AKTUBaUUMSA N NHAKTUBALMUA IA

1.00 =
IA
inactivation
. 075k o/
3 /
n
-
2
2 os0f
3 Ia
E activation
A
025+
Tritonia
0 — L
- 100 - 75 -50 -25 0

Ext (mV)

3 STEADY-STATE GATING PARAMETERS OF I,

Activation and mactivation curves in an HH-like model of the A cur-
rents in a Tritonia neuron. These curves are analogous to m’, and h.
curves of the HH model for Na channels. At the resting potential {—40
to —55 mV), most K, channels are inactivated. {After Thompson, 1977;
Smith, 1978.]



AKTUBaUMA 1 nHakTuBaums I, (kaHan Kv4-tuna)
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Steady-state value

AKTUBaUNA U MHAKTUBALIUS IA

- «aKTVUBHbIA» AnanasoH |, Toka cMeLleH
. Ia B CTOPOHY rmnepnondpudaugmm no
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0.75 - / Na
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Kanunesble TOKU

l,, (MyckapuH-4yBCTBUTENbBHBIM K'-TOK) akTuempyetcs npu —65 MB, He
NHaKTUBUPYETCS CO BPpEMEHEM U BITOKMpPYETCA CTUMYIISALMEN MYCKapUHOBBIX
XONMHEPrnyecknx peLenTopos.

N3-3a meaneHHOW KNHETUKM aKkTUBaUunM U yMEePEHHOW aMnnTyabl He BINSET
CyLLleCTBEHHO Ha doopmy [, HO BHOCUT BKad B MeasfieHHY0 adanTtaumio 4acToThl
CNanKoBOro paspsaga npu yctondmeon genondpusauun.,

B membpaHax He/ipOHOB HaMAEH aHaorMyHbIN TOK Iy, KOTopbIN BriokupyeTcs
CTUMYNSIUMEN CEPOTOHUHOBBLIX METAOOTPOMHbIX peu,erlTopOB

D Decreased response to depolarization




B Enhanced repolarization C Delayed firing
— -70 mV st
b — Hopma +
o«
A\,
D Decreased response to depolarization A E Slowed firing rate
INa + IK
o : > Afterhyperpolarization
| T
= T\ + Iy (J/——L-—‘L_J/ﬁ\
—ieA B l l I l l + Iagp — T e
30 ms Ik iz i
F Burst firing G No bursting
-85 mV -60 mV ~
Depolarize
+ Iy (Inactivates |;) + It




KanuneBble TOKU

L o (TOK YTEUKM) sIBNAETCS noTeHuman-

’ He3aBMCUMbIM TOKOM, MPOTEKaEeT Mo
HEMHAKTUBMPYIOLLMMCS  KaHanam U
obecneynBaeT BKNnag B 01
MeMbpaHbl.

Moandukaumm  3TOro  TOKa  LLUMPOKUM
Habopom HENPOMOOYNATOPOB MOryT
npMBOANTb K ANMUTENIBHOMY WU3MEHEHMUIO
MeMbpaHHOro noTeHuunana.
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CmellaHHble TOKU

QTN TOKN npeacTaBrieHbl OAHUM TOKOM I , KOTOpPbIN 00603HA4alT TaKKe Kak I (ot
aHrn, queer, CTpaHHbIn) Unu I (oT aHrmn, funny, 3abaBHbIN).

B oTnnudmne ot BCeX KAaTMOHHbLIX TOKOB, 3TOT aKkTUBUPYETCA Npu 2urnepronspusayuu
mMemOpaHbl (HKe ypoBHSA -60 MB), Bo3BpaLLaa noteHuuan Kk 6onee no3suTMBHOMY
YPOBHIO.

I OTHOCUTESIbHO MeaJSIEHHbIN (NOCTOAHHAA BPEMEHU €ro KNUHETUKN COCTaBMSAET OT
coTeH mc Ao 1 ¢) n nepeHocutcsa noHamm K* n Na*™ B cooTHoweHum 4:1.

AkTvBauus I NpMBOAMT K Meu,neHHom aernonapusaumn B pesyrnsrare
npemmymeCTBeHHoro Bxoaa Na™ B KneTKy, MOCKONbKY NOTEHLUMAN peBEPCUM 3TOro
TOoka okono -35 MB (cpepHun mexay E. M E, ).

B HekoTopbIX HEMpOHax B pedynbrate akTueauuu | aenonsipusauns NpuBOAUT K
pasBUTUIO NeriCMeNKepHoro (aHm., pacemaker, 3ana+ou.ww| TeMr, pUTM) pasps a
(Hanpumep, B HEMPOHaX y34e4Kkun), NPUBOASILLENO K aKkTuBauum Na*/K*- w/urm Ca?*
CMaunKoB.

OTOT TOK NepeHocnTcs vyepes HecenekTuaHble LAM® (uMd)-3aBucnmble
KaTWMOHHbIE KaHarbl, TakkKe Nponyckallme B HeaHaduTenbHom creneHn n Ca%*. He
NCKITIOYEHO Takke, YTO B 3TOT TOK BHOCAT CBOW Bkrag u K*-kaHanbl BHYyTPEHHETO
BoiNpsimnenus (K., aHrn., inward-rectifier), koTopble Takke akTUBMPYOTCS Npy
rmnepnompmaumm MeM6paHbI oTHocutenbHo 11,



CMellaHHble TOKU

=50 mV
- 70 mV

-160 mvV

[
|

T v T v T v T v T
-150 -120 -90 -60 -30

Potential (mV)

Superimposed current records from a SGN in the standard solution, in the Na*-free
solution, and in the High K* (20 mM) solution. Na*-free solution was achieved by
replacing NaCl with choline chloride, and high K * solution was made by
substitution of KCI for NaCl. d: Steady-state activation curves of the / in standard,
Na*-free and high K* solutions.



CmMellaHHbIe TOKM

AktvBauus i, NpuMBOAUT K MeANeHHoI Aenonspusaummn, nocne KOoTOpoii pas-
BUBaETCA NeCMeNKepPHbIA (aHrn. pacemaker, 3agaowmn Temn) paspag npu-
BOASALMIA K akTMBaumu Na*- nmnm Ca**-cnaiikos.

Na* /K*
action potentials

potential

Removal of
I+ inactivation
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UoHHbIe TOKU, NpoTeKarLme yepes
oTAeNbHble KaHarbl KAPAUOMUOLIUTOB
Kenyao4ykoB

Schematic representation of a human ventricular
action potential (top panel). Numbers denote the
different phases of the ventricular action
potential. The dashed line represents phase 4
depolarization normally present in cells from the
conduction system and not in ventricular CMs.
Underlying ionic membrane currents and their
schematic time course are depicted below.

l\or Na* current; I |, L-type Ca®* current; o
T-type Ca?* current; .1, transient outward
current type 1; ICI(Ca)’ Ca?* activated CI~ current,
also called I ,; I, , ultra rapid component of the
delayed rectifier K* current, |, rapid component
of the delayed rectifier K" current; I, slow
component of the delayed rectifier K* current;
IK1, inward rectifier K* current; |, funny current;

f,

vex: Na*/Ca?* exchange current.

e ——




B Enhanced repolarization C Delayed firing
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MopgenupoBaHune apdeKTOB BNUAHNA Pa3NUYHbLIX TOKOB Ha NaTTepH
MMMNYNbCHOW aKTUBHOCTM B HeMpoHax LIHC mnekonutaroLwmnx

A - puTMHYECKNIN paspsg HeMpoHa B COOTBETCTBUM C KITaCCUYECKOU MO,D,eJ'IbPO A. XooXKMHa 1
A. Xakcnu. [1Ba «knaccuyeckux» noteHuuan-3aBmcumblx Toka (I, v 1,) B oTBET Ha
aenonspusaumio Bbi3biBaloOT Lenoyky ns natu /.

B - no6aBneHue K «knaccm4eckum» Tokam I, ycunuBaeT cTerneHb penonapusauu memopatsi,
YTO NPUBOAMNT K CHUXKEHUIO YacTOThl pa3p;|,uos 1 cokpaleHuto ymicna MA o Tpex.

C - nobasneHue I, Bbi3blBaeT 3aMeasieHne genonspusaunmn, YTo NPUBOANUT K 3a0EPXKKe
reHepauum Flﬂ (cTpenkown ykazaH MOMeHT reHepauumn N B «kHOpmMe»).

D - nobasnexue I, cHwkaeT cnocobHOCTb HepoHa reHeprpoBaThb Lenoyky M, v B
pesynerarte reHepMpyeTc;l Tornbko oguH T/.

E - nobaeneHve |, , BbI3biBAET CHWKEHWE YaCTOTbl MMMyNbCaLMy NpY reHepaLumn Kaxaoro
nocnegyrowero I'I,El, (apanTauma YactoTbl paspsaga).

F - nobasneHne HU3Konoporosoro asnyeckoro Ca2*-Toka I NpMBOAMT K NEpEKNOYEHUIO
pexumoB nmnynscauuu MNA. MNavyeyHbln pexnm oTMeuaetcs npwn noteHuymane -85 mB, korga
I akTBMpyeTcs 1 obecnedmBaeT KOPOTKyto Aenonspusauuio.

G - ToHn4eckasa nmMnyrnbcauna oTMedaeTCcqd rnpun noteHumane -60 mB, korga IT NHaKTUBUNPYETCA.

Ha Bcex dparmeHTax (kpome A) 3anucu I, I, onyLieHb.



KopkoBble nupamugHbie HEMPOHbLI OTBEYalT Ha AeNonapu3aunio Unn Lenoy-
KOW, NN BbICOKOYACTOTHOM Navykon cnankoB. YacToTHaa agantaumsa cnamkos

obecneunsaetcs Tokamu Iapp u Iy.
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Pa3psg kneTok NypknHbe Mo3xedka obecneunBaeTcs AeHAPUTUYECKN-

My Tokamu INa.p
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Tanamu4yeckne penenHble HEMPOHLI Npn —65 MB paspskaloTca perynapHbiMu
cnankamu, u npn —75 MB nepexoaaT Ha NayeyHbIN PEXNM 6narop,ap$-| BKIoYe-

HUIO I-|-, KOTOPbIN MHAKTUBUPOBAH npun —65 MB.
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HeWpoHbI y3a4e4ku JEMOHCTPUPYIOT NEUCMENKEPHbIN pa3psas ¢ AnnTenb-
HOW runepnonspusaLmen nocrie Kaxgoro cnanka.
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Neurons in the mammalian brain
exhibit widely varying electro-
physiological properties:

(A) Intracellular injection of a depolarizing
current pulse in a cortical pyramidal cell
results in a train of action potentials that
slow down in frequency. This pattern of
activity is known as "regular firing."

(B) Some cortical cells generated bursts
of three or more action potentials, even
when depolarized only for a short period
of time.

(C) Cerebellar Purkinje cells generate
high-frequency trains of action potentials
in their cell bodies that are disrupted by
the generation of Ca* spikes in their
dendrites. These cells can also generate
"plateau potentials" from the persistent
activation of Na* conductances (arrow-
heads).

Thalamic relay cells may generate

(D) action potentials either as bursts
(E) or as tonic trains of action potentials
due to the presence of a large low-
threshold Ca®* current.

(F) Medial habenular cells generate ac-
tion potentials at a steady and slow rate
in a "pacemaker" fashion.



