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MeXXKneTouHble B3anMoaeNCTBUS.
BHYTPUKNETOYHbLIN CUTHASUHT.

MembpaHHbIM noTeHuman. NoteHunan
NOKOSA 1 NoTeHUnan AencTBUS.

Peakunu Bo3dyanmMbix MeMOpaH B
MOCTOAHHOM 3fIEKTPUYECKOM none



1. MeXKneTouHble B3auMoaeucTBUS.
BHYTPUKNETOYHbLIN CUTHANIUHT






MeXxkneTto4yHas nepenaya CurHarna c ydyactumem nimraHaoB:

 CuHanTn4yeckas - HepBHas cuctemMa - cuHarnc - adeKkTop
(HenpomegmnaTopsl)

e JHAOOKPUHHAA — Ha KNETKN 3PdEKTOPbI yaaneHHble OT
NCOYHMKA rOpMOHa (Mpu y4acTum CUCTEMbI KPOBOODOpaLLEHMNS)

BHyTpuKneToyHasa nepegaya curHana

BHekneTo4Hble BellecTBa (NUraHabl) — nepBUYHbIE
MecceHaXepbl (rOPMOHbI, HempomeauaTopb! U T.1.)

* nunodunbHble — rMapPodobHbIe (AAPO- TPAHCKPUMNLMA — CUHTES
1K)

* NUNOGOOHBbIE — rMAPOdUrbHbIE (TPAHCKPUNLNS, MOHHbIE
KaHanbl, BTOp. MecceHaXepbl - aktuBauus 1K)

BHYTpUKNETOYHbIE MEANATOPLI - BTOPUYHbIE MeCCEeHAXepbl (Kak
NpaBuMNo aKkTUBMPYHOT B KNETKax NPOTEMHKNHA3bI):

 ULAMO® ul'T®, Ca**, uHosutontTpudocdar [N, (InsP.)],
o anauunrnmuepuH [JAI] n MmoHookcua a3oTta (NO).



MexaHn3m oeuCcTBUSA Ha KINEeTKY NepBUYHOro
nunodpmnnbHOro mecceHaXxepa

A0epHbIN BEnKoBbIN peLenTop Jluranp
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MexaHn3mbl padboTbl XMMUYECKUX MecCceHaXepoB (ruppodunbHbIX,
nUNogoOHbIX)

1) Bsanmogencrteue c MeMOpPaHHbIM PeLeNTOPOM - OTKPbITUE UMK
3aKpbITUE NOHHbIX KaHarnoB B KNeTo4YHon MmembpaHe (Hanp.,

auetupyvoma 1\ 1maniauauisa NI
KaHall
Nat* K* Cl
Ca?* H,0

BOpOTAa BOpPOTAa
OTKPbIThI 3aKpbITbl




2) aKTMBaLMA BHYTPUKNETOYHbIX MPOTEUHKUHA3
Ca++ - BTOPUYHbIN MecceHOXep
* BXO[ B KMNETKY Yepes nuraHa-3aBucuMble KaHarnbi
* CBSI3bIBAETCH C KaNbMOAYNMMHOM
— aKTMBaLMsA BHYTPUKNETOUYHbLIX KUHa3
* B KMNeTKe UHULMMPYET
— MbILLEYHOE COKpaLLeHne c* @ o
— BblJerieHne HelipoMeanaTopoB iy, C2*" channel
~ CEKPEeLMIO TOPMOHOB i AU eee———

---------------------------------------------

Increased Ca2”

«

li Ca-Calmodulin —l

AKTuBauus BHYTPUKITIETOYHbIX KUHA3
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Effect Effect



AKTBaLUUA BHYTPUKIIETOYHbIX NMPOTEMHKMHA3
C y4YacTueM BTOPUYHbLIX MeCCeHaXXepoB

Adenylyl
cyclase

1
ce ”

Inactive PK-A Active PK-A — Effect

AKTMBaUMA BHYTPUKITETOUHbIX
9P deKTOB

C y4acTmem ageHuvnaTt uMKnasbl
(AL}) n

UAT® Kak BTOPUYHOIro MecceHmxepa

* TJUAMOD
* aKTUBaLUSA NPOTENHKNHA3bLI A

3
}\, Receptor

[ B
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G protein

Endoplasmic
reticulum

AKTMBaUMA BHYTPUKITETOUHbIX
9P PEKTOB C

yyactmem G-6enka un pocchonumnasnbli
C

* rMapPonn3 membpaHHbIX
doocdonunuaos
* NHO3UTON Andpocdar:



AKTUBaLMsi BHYTPUKNETOYHbIX NPOTEMHKNHA3
C y4YacTueM BTOPUYHbIX MeCCeHaXXepoB

aKTMBaUUsA ryaHunart uukKnasbl
*yBenuyeHue ul M (BTopnyHbIN MecceHaXxep)
o akTnBauusa ul Mo-
3aBUCUMbIX KMHA3 KINeTKu

Guanylate cyclase * scbcbe KThbl

Nitric oxide
synthase

— GTP

S CGMP
Soluble

guanylate
cyclase




Takum obpasom,

Pa3BUTUE BHYTPUKNETOYHbIX 3(PEKTOB — 3TO peaynbrar
aKTuBaLmMmM pasHOObpasHbIX NyTEN BHYTPUKITETOYHOM
nepegayv curHana BCrnencrtene aktueauum nuraHgom
BTOPUYHbLIX MeCCEHOXePOB:

* MPOLIECChI TPAHCKPUMLINK
* N3MEHEHME MOHHOW MPOHULLIAEMOCTU MEMOpPaHbI
¢ aKTUBaLMSA MEMOpPAHHbIX N BHYTPUKITETOYHbIX KMHA3



2. MemOpaHHbIN NOoTEeHUMan:
noTeHUuMan NokKosd, noreHuuan
NencTBus



 Bo3byxaeHue (CBOMUCTBO) - CNOCODOHOCTb
BblCOKOCNELNannM3npoBaHHbIX TKAHEN pearnpoBaTb HA
pasgpaeHne CnoXXHbIM KOMMNIEKCOM PU3UKO-
XUMUYECKNX peaKL i, CONMPOBOXKOAIOLLNXCS
konebaHnamm membpaHHOro noTeHunana

¢ CBSI3aHO C Hanu4mMem B MeMbpaHe aNeKTPUYECKU 1
XUMUYECKU yNpaBnsgeMblX KaHarnoB, KOTOpble

* MEHAKOT CBOKO NMPOHNLAEMOCTb AJ14 NOHOB.

Bo30yanMble TKaHU
* HepBHas, MbllLEYHas, XXenesucras
— reHepauua Ml

* cneynduyeckn OTBeT (HePBHbLIN UMMYIILC,
COKpalleHune, cnHTes n cekpeunsa bAB)



* TpaHcmembpaHHasi pa3HOCTb NOTEHUMANOB (MeMOpaHHbIN
noTeHLumar) —y Bcex KNneTok:

* 11191 KNETKU B NOKOE — 3TO MEMOpPaHHbLIN NOTeHLuMarn
nokos (MI1I1)
HO...

e MII - knto4eBas ponb B NpoLeccax Bo30yXAeHUA HEPBOB,
MbILLL, 9HOOKPUHHbIX KIETOK

* B nokoe uutonnasma KrneTku AriEKTpoHEeratnBHa no
OTHOLLEHUIO K BHEKITETOYHOW XXUOKOCTU (MI/IKpOSJ'IeKTpO,EI,HaFl

TexXHUKe '

Silver—silver
chloride
electrode

++++++++ T+ +++

+++++++++ mV)++++++++



OcHoOBbI NOTeHunana nokosi/ mMeMmopaHHOro

noreHuuana
1. Pasnunumna koHueHTpauun noHoB [C] cHapyXu n BHYTpU
KIETKU
[K*in] > [K*out],
[Na*in] < [Na*out] 10 10 Nar

110CH ||

2. Pa3Hasi npoHunuyaeMocTb MeMbpaHhbl (P) Arsg NOHOB Kanus,
HaTpusa (Pk > PNa B nNoKoe)

3. Hanunuyne 6enkoB-HacocoB (NepeHOC NOHOB MPOTUB
rpagneHTa KoHUeHTpauun)



WOHHOE PABHOBECUE N MEMBPAHHbIN
NMOTEHLUWUAI MOKOA

MoHbl nepemMewlatoTcs Yepes membpaHny brnarogaps
3NEeKTPOXNMMNYECKOMY rpaaneHTy rno obe CTOPOHBI
MeMbpaHbl

[BmkeHWe Ka)Kaoro noHa 4yepes memMbpaHy CTpemMuTcst
NPUBECTU NOTEHLMAN NOKOSA K COCTOSAHUIO paBHOBECUS A4
[IAHHOrO MOHa.

[ BMXeHne NOHOB Yepe3 memMopaHy
* yepes MOHHbIE KaHanbl
— MoHocneundunyHsbl

— MEHSAKT NPOHULAEeMOCTb NoA BIIUAHNEM BHELLIHUX ONS
KNEeTKN q0akTopoB

* MeaMaTopbl, FOPMOHbI



Moaernb MOHOCeNnekKTUBHOro KaHana

BHeknerouyHas XnaKkocrtb

gyt 8 NoHoCceneKTUBHbIEe KaHanbl

dopMUpyOWUA KaHan

Onurocaxaia e TDAHCMOPTHbIE CUCTEMBI

— HaTpueBble, Kanvesble,
s AP KanbLMeBble, KaHarbl Ans
xropauT. g

*g

.
-

CenekTuBHbIi
GuneTp

* CeHcopa (MHaukaTopa)
HanpPsi>XeHnst NOHOB B CaMOW
MemMbpaHe un

* CefleKTUBHOro (punbTpa.
* BOPOTHOro MexaHu3Mma,

MHakTMBaUNOHHbIE
BOpoTa

benok AKTUBAUMOHHbLIE
uuMTockeneta BOpoTa

BHYTPMKNETOYHAA XUAKOCTL



TUNbl MOHHbLIX KAHaNoOB

1. NMoTeHuuanyyBCTBUTESIbHbIE

— N3MEHAKT NMNPOHNLAEMOCTb B OTBET HA USMEHEHNE
ANNIEKTPUNYHECKOTIO MNos4

1. XeMOo4yyBCTBUTENbHbIE
—  peudenTopynpasnsgemble, NuraHg3aBnCcUMble



BHeknerouyHas XuaKkocTe

TpaxncmeMbpaHHbii
WHTerpanbHbi 6enok,
dopMupyoWmMiA KaHan

Onurocaxapvn

Cancop [loTeHunanyyBCTBUTENbLH

i A o

(noTeHUmManynpasnaemMble
) KaHanbI

CenekTusHbIi
GuneTp

MHakTMBaUWOHHbIE
BopoTa

benok AKTUBaAUMOHHbIE
uuTockenerta BopoTta

BHYTPMKNETOYHAA XNUAOKOCTL



XeMouyyBCTBUTENbHbIE
(xemo/nuraHpaynpasnsemMblie) KaHanbl

nicotinic
acetylcholine .
receptor ’ agonist

» W
N

synaptic cleft

cytoplasm

closed

© CNSforum.com



MemOpaHHbIW NOTEeHUManN rMNOTEeTUYECKOUN KNEeTKN
B nokoe membpaHa npoHuyaema npenmyLectBeHHo ans K*
— OTpuuaTenbHbIV 3apan BHYTPU U + CHaPYXK;



* B ynpolieHHON cnucteme, Korga yumTblBaloT
NPOHNLIAEMOCTb NULLb Ansl 1 noHa TpaHCMeMbpaHHas
O dy3MoHHaA pasHOCTb MNOTEHLMANoB pacCcYnTbiBAETCA
no doopmyne HepHcra:
Ek=(RT/ZF)In(Ko/Ki)

roe
EK — paBHOBeCHbIV NOTeHUMan,
R — ra3oBasi MOCTOSAHHAaS,

T — abcontoTHas Temneparypa,
Z — BarieHTHOCTb HOHa,

F — noctosiHHaa Papages,

Ko n Ki — KOHUeHTpauun noHoB K* BHE 1 BHYTPU KITETKM
COOTBETCTBEHHO.



OpgHako KneTto4YHast MeMmbpaHa npoHnuaemMa v ans gpyrnx
NOHOB, NO3TOMY And pacyeT peanbHoro Ml ncnonb3ytor
ypaBHeHue [onbamaHa-XoaXknHa-Kaua

. R I)Z‘{' “\.I ’ I)\.I’ E'\'"!‘nl ' IA)(fl l(l I
Vi In _ —
Zl Pe+ [K+:14+Pyn,+ [Nat]4+Pq~[Cl— ]
VoHb! KoHueHTpauus B KoHueHTpauunsa BHe
capkonmasmMme (MMOJsb) KNEeTK (MMOrnb)
K+ 140 2,5
Na+ 10 120
Cl- 3-4 120
Ca2+ <0,001 2
A-
(nonunnenTuabl 140 0

)

* ioHbl nepemMeLlLaloTcs Yepes MeMbpaHy briarogaps
ANEeKTPOXNMUYECKOMY rpagueHTy no obe CToOpoHbl MeEMOpaHbI



MoHHBLIe Hacocbl (Na/K — ATd-a3a)
1) nogaepxuearoT HepaBHOBeCHOe pacnpeaerneHue Na*™ n K*

« pacuwenrneHne 1 ATO® - nepeHoc 3 Na* (13 knetkn) n 2 K*(s
KIETKY) - 3/IeKmpo2eHHOCmb mpaHcriopma, T. €.

— UUTOMNMNa3Ma KIeTkn 3apdaXxeHa otpmnuarteribHO Mno
OTHOLUEHUIO K BHEKINETOYHOMY NMPOCTPAaHCTBY.

2) ABWXXEHNE MOHOB MPOTUB rpaamneHTa KoHLUEeHTpauum n
— nogaepxmBaHne KOHLUEHTPAaLUOHHOIo rpagueHTa:

Outside

K+-Nat
"leak" channels



MemOpaHHbIN [MoTeHunan (nokos) -
e -70 mV ONs OONbLWWHCTBA KINETOK;
* -90 mV Ans HENPOHOB;

e« K* - OCHOBHOM BKNaa, T.K.
— [Kin] >>[Kout]

— MPOHNLAEMOCTb AJ14 K™ BblLLEe, YeM ANS
APYrmx MOHOB B MNMOKOE



KneTka Ha3bIBaeTCsA rmunepnosisipm3oBaHHOU, ECIU
« MI106onee HeraTMBeH YeM HOpManbHbIN NOTEHLIMA NOKOS;

KneTka genonsipu3oBaHa

« MeMOpaHa MeHee 3reKTpoHeratMBHa, YeM B HopMarbHbIA s
Hee noTeHuuarn nok X

_______ —_t e Complete

\Balarfzati n— Repolarization
_| Stimulu After Depolarization

R R e T e ,"/ P — elf ? Flr lng |eve' \

o Latent period
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NTak, Ml - pyHKLMSA

* KOHLEHTPaLUWOHHbIX rpagueHTOB

* MPOHNLAEMOCTN MeMDpaHbI 4119 NOHOB

¢ paboTbl 3M1EKTPOreHHbIX MOHHbIX HACOCOB

After hyperpolarization
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NMoteHunan gencteusn (MAO) -

BbICcTpble KonebdaHus
TpaHCcMeMbpaHHOW pa3HOCTH
NOTEHLMArOoB,
0OyCnoBneHHblE UBMEHEHNEM
WOHHOW NPOHNLIAEMOCTM
MeMOpaHbI:

[locnegoBaTenbHOCTbL N poueccoB

Npuv CTUMYNALUUN KNETKN U
passutuu N1

0) naTeHTHbLIX Nepunoa

1)
2)
3)
4)
5)

NnoKarnbHbIW OTBET
aenonapusauns
oBepLlyT
penonapusauns
cnenoBble noteHumansl

— cnepgoBas
aenonsapusaums,

CRO
Stimulator

,{*'—l_

Axon 0

Intracellular recording set up

E.vB
+60




Haunbonee BaxHble xapaktepuctuku MNA:

* NMOPOroBbLIN NOTEHUMAnN (KPUTUYECKNN YPOBEHb
genondapusaunn)

* OTBET MO NpUHUMNY «Bce nnu Huyero» (I Tonbko B
OTBET Ha NOPOroBbIE€ UK CBEPXMNOPOroBble
CTUMYIbI)

« DecpekpemMeHTHoe pacripocTtpaHeHue I no
MeMOpaHe KNeTKu

e pedpakTepHbIN Nepunon
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cnam
+35 -
[ K
+20 - ,\ } OsepLuyT
+5 4 ‘-
o[~~~ 777 "“‘*‘ —————————— nonHas
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Stimulator

(*I_h_l-

Axon 0

Intraceliular recording set up




mC/em?

[loTeHuman nencTBus
(A) n

N3MeHeHne
NPOBOAMMOCTHU
KITETOYHON MeMOpaHbI
(B) ona Na* (gNa™) u

K* (gK+) BO Bpems
reHepauum noteHuymana
NENCTBUS;

Ekp — Kputnyeckmnu
noteHuuan,

Em — memMOpaHHbIn
noTeHuuan;

h — noKa3saTenb
CrocobHOCTH
HaTPMEBLIX KAHANOB K
aKTUBALIUW.



Transmembrane potential

Ein - Eout (mV)

OcobeHHocTu NN AnA pa3HbIX TUMNOB
BO30yANMBbIX KINETOK
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Motor neuron
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W

5 msec

Cardiac

ventricle

l 200 msec ]




Passutue L] BO3MOXHO B TOM Cfiyvae, ecnu pasgpaxuTtesb
OOCTUr NOPOroBON CUSbI (Mopor pasgpaxeHus), T.e. B
pe3ynsrTate MeCTHOM (fiokaribHOW) genonapusaunm n3aMmeHun

BenmunHy Ml 0o KpUTUYeCKON (KpUTUYEeCKUIN YypoBEHb
aenonsapusauun)

Kputnyeckun ypoBeHb genonspusaumum — Heobxoanmble ans
OTKPbITUS NOTEHLMaN3aBUCUMbIX MOHHbIX KaHarnoB
N3MEHEeHNs nonapusaumm memMmopaHbl

0 mB

|
i

\

Moporosbitt noTexyman

| l Kputuyeckuin noteHuuan

MoTeHunan nokos




lMNoTeHUunan gencTBusa sIBNSETCs CBOE0Opa3HbIM
TPUIrepom, 3arnyckarLmm nx cneLmndonyeckyro
YHKLUMOHArbHYH aKTUBHOCTb KIETKMU:

* NpoBedeHne HEPBHOIO MMNYIbCa,
e COKpalleHue MblllLbl,
» cekpeuns bAB (ropMoOHbI, bepMeHTbI, LUTOKUHbI U NpP.)



da3o0Bble UBMEHEeHNA BO30yaAMMOCTN BO BpeMHA
pa3BUTUA NOTeHUMarna geucTBus

Bo Bpewms ']l BO36yANMOCTDL

KNneTo4yHOM MembpaHsbl (CNocobHOCTb
pearnpoBaTb Ha JeUCTBUE
pasgpaxmtenst USAMEHEHNEM MOHHOW
NPOHNLAEMOCTN) NpeTepneBaeT
doa3oBble NUBMEHEHUS:

noBbllLIEHHas BO30yaNMOCTb (BO -3 ORCOHOSORLTHEN TOTRHARN
BpeMsi ToKanbHOro oTBeTa) a § 3
X
abcontoTHasa pedpakTepHOCTb g g OTPULATENLHBIA CNEA0BOM
(oenonapusayma n HavanbHag <€ noTemuyman
penonspusaLus) o — MONOMUTENEHBIA —
OTHOCUTENbHAadA pepakTePHOCTb - MecTbi .
CNefoBoV NoTeHuMan
OT 2 O OKOHYaHUA penonsapusaumnm npoyecc
NoBbILLEHHasi BO30yAUMOCTb, UNK : g
cinepaosGymecrs (Gneaosan | E4| 1 Omeemansuarepes
[ToHMKeHHasn BO30YyANMMOCTb .?,g
s
(cnepoBaga runepnonapulaums) @ AKTEPHLEA nepuon
Jllll!.‘lilL!llllll:lulllllllll




a) cooTHoleHue a3 M u
BO30yaMMOCTU KINETOYHON
MeMbpaHbl HEMPOHa

6) N v BO30yanMocCTb
nonepeYvyHo-nonocaTomn
MbILLEYHOWN KIETKU

B) [ n B036yaMMOCTb
MUokapamnanbHOW KNeTKn

0wmB

ﬂ
ALl

SNEeKTpU4ecKoro
TOKa

0OmB

omB

-30

Kputuuyeckuit notreHyman

} Moporosbiii noTeHuuan
MoTteHyunan nokos
MosbiweHHas Bo3byauMocTs

HopmaneHas Bo3byaumocTs

} OTHocuTenbHas pedpakTepHoCTL

ABconoTHas pedpakTepHOCTb

Mokoi

MoBbiweHHan
8036yaumocTb

HopmansHas
B8036yauMocTb

OTHOCUTENLHAA
pedpakTepHoCcTb

AbBconoTHan

pedpaKkTepHoCTb



3. PEAKUUN BO3bYOAUMbIX MEMBPAH B
MOCTOAHHOM JJIEKTPUHECKOM MOIJE



Peakuuu Bo36yaumMbiXx MeMOpaH B MOCTOAHHOM
3rIeKTPpU4YecKom none

TpaHcmeMmbpaHHas pasHOCTb NOTEHLMaNoB Ha MembpaHe
no06OoI XKMBOW KNETKN onpeaensieT ee YyBCTBUTENbHOCTb K
AMNeKTPMUYEeCcKoMY MNOIto:

e Hebonblume no cune (1-10 MA) NOCTOSAHHbIE TOKN —
CyLLeCTBEHHOE (bM3noiormyeckoe AenCTeme Ha KNneToYHble

MeMOpaHbl, 0COOEHHO BO3OYANMbIX KIETOK (MCMOSb3YHOT B
PUINOTEPATNN),

* BO3HMKawLWwue npm 3asToM NnaSAMmeHeHn4 BO36yLI,I/IMOCTI/I
Ha3bIBalOT AJNTEKTPOTOHNYECKNMIN ABJIEHUAMM,

* MPU NPOMNYCKaHMM NOCTOAHHOIO TOKa NnoA KatoaoMm
BO3HUKAET YacTuyHas genonapusauma membpaHbl
(KaTaneKkTpoTOoH), a Nnog4 aHo4oOM — ee
rmnepnondapusaumns (aH3NEeKTPOTOH)

* MexaHn3m: UICKYCCTBEHHO M3MEHEHHbIE YCIOoBUA
anektpoanddysnm noHos



3aKOHbI 3NIEKTPUYECKOro pasapaxeHus
BO30yAMMbIX TKaHeun

PasgpakeHne Bo3byanmMbIX TKaAHEN
obecneuymBaeTca TONbKO BHELLHUM TOKOM
BbIXO,EI,FILLI,eF(lHaFIpaBJ'IeHI/IFI

MNPV NPUNOXEHUN K HEPBY UITN MblLLLIE ABYX
Pa3HOMOMNSAPHbIX 3MNEKTPOAO0B Aenonsapmn3auus
BO3HUMKAaET TONMbKO B obnactu katoaa, T.K. UMEHHO
3[1€Cb JIOKarbHbIE - MIOHHbIE TOKN UMEIOT
BbIXOAsILLIee HanpaBreHue



Peakunun Bo36yanmbix MeMOpaH B NOCTOSAHHOM
3NEeKTpUYeCcKom nore

. MuK
oBepLUyT

no

MM Aat Chiorp
g Cllnon

OcHOBHEIC 3exTpodU3noaoTHIECKUE (PeHOMEHBI Ha BO3OYIMMOM
MEMOPAHE.

Aar — aHanekTpoTod; KY/I — KpuTHYEeCKMH ypOBEHbD Acnoadapusauun, Kar —
KaraaekrporoH; JIO — sokaibHbiit (noamoporosbiit aktuBHbiit) orser; MITIT —
MeMbpanHbid noreHuuan nokos; IJ1 — norenuman peiicrsus; CIT (orp u non)
OTPULIATE/IbHbIA U I1OJOXMTEAbHbIA CACAOBBIC IIOTEHLIKAbI.
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3asucumocts J1/1 o1 HanparieHuA, CWIBl M KDYTU3HBI TOKA
A — 5(@eKTUBHOE HANPABNCHUE IEKTPUYCCKOIO TOKA IPU BHYTPUKICTOYHOM
(a) v nyekieTOYHOM (0) pasgpaxenuud b — mopor BosOyxneHusi, KV u ux
(M€ [IpU MEAJICHHOM HapacTaHWUM CHIb! TOKA



