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IHoTeHuiaaKepoOBaHi KaJi€Bi KAaHAJIU
raJbMiBHUX IHTEPHEHPOHIB KYJIbTYPH IoKamMIia

Ha mopmo3nvix unmepnenuponax KyIomypsl KiemoK SUNNOKAMNA KPbiCbl U3y4eHbl Kaauesvle KAHAbL,
akmugupynwuecs 6 omeem Ha O0enonapuzayuio niasmamuyeckon memopanvi. CymmapHbulii
BLIXO0AWULL KATUEBBIU TMOK UCCTIe0YeMblX KIeMOK UMel nopoe akmusayuu npubauzumenvro —50 uB
U NPOAGNAL HU3KYIO UYECTHEUMENbHOCHb K A-0eHOPOMOKCUHY, YMO UCKIIOYAem yuyacmue 6 e2o
Gdopmuposanuu xananos cemeticmea Kvl. Heunaxmusupyowuiicsi komnonenm cocmagian 83
%+ 1,7 % om amnaumyowl cymmapnozo moxa. Ilocmoaunas epemenu cnada moxa ¢ MedieHHOU
unaxmueayuetl pagnanacy 3 ¢ £ 0,15 ¢, umo aAensiemca xapakmepHvim 015 KAHANO08 3A0ePIHCAHHO20
svinpamaenus noomunos Kv2, Kv3.1 u Kv3.2. Buicmpounakxmusupyiowuiicsi A-mox cocmasnsn 9,4 %
+ 1,3 % om obweil amniumyosl 8bixo0siue20 moxka u Obll Hewy8Cmeumeier K 4-aMUHONUPUOUHY, 4mo
2080pUM 0 HAIUYUU HA HeUpoHax Kananog cemeiicmea Kv4. [Ipu orumenvHotl denoaspuzayuu Ha
6CexX HeupoHax HAOOANCs HeUHAKMUBUPYIOWUNICS KATUEBblll MOK ¢ Nopocom akmusayuu —60 mB u
amnaumyoou npu nomenyuane —20mB 100—400 nA, xomopulii He NPOAGIAL YYSCMEUMELbHOCMU K
HU3KUM KOHYeHmpayuam 4-amunonupuouna. Pemucabun 6vi3viean oopamumsiii cogue €20 801bm-
amMnepHoU Xapakxmepucmuku 6 Cmopony Oonee ompuyamenrbHuvlX HOMEHYUAL08 U YEeAUUUBAT
amnaumyoy moka npu —20 mB na 66 % + 14 %, umo 206opum o HAIUYUU HA HEUPOHAX KAHALO8
cemeticmea KCNQ. Oouaro cenexmugnvie 6noxamopuvt kananoe KCNQ nunonupoun u XE991 ne
0Ka3b6168a1U 00CHOBEPHOLO GUANHUA HA HEUHAKMUBUPYIOWUUCA 8bIXx00awull mok. Takum obpasom, no
DPe3VIbMmamam Hauux Uccied08anull 8 GopMuposanuy NOMeHYUAIAKMUGUPYEMO20 KAIUe8020 MoKd
HAa MOPMO3HBIX UHINEPHEUPOHAX KYIbMYpPbl SUNNOKAMNA 6 HeOONbUOl CeneHy NPUHUMAIOm yuacmue
kananvt noomunog Kv2, Kv3.1 u/unu cemeticme Kv3.2, Kv4 u KCNQ. Bonvwas sce uacmo 6bix005u4e20
moxa He umeem 8peMeHHOU uHaKmugayuu u obycroeiena pabomou 1ub6o 6JOKaAmMOpHeUy8Cma-
menvublx popm kananoe KCNQ, 1ubo Kananos kako2o-mo 0pye020, NoKa MAiOU3gecmHo20 cemelicmed

BCTYII

[MorenniankepoBaHi KajieBi kaHanmu OepyTh
y4acTh y Peryisilii 30y/UIMBOCT1 )KUBUX KIIITHH,
y hopMyBaHHI MOTEHI[IAIy CIIOKOIO 1 IOTEeHIIia-
JiB Nii, CKOpOYeHHI M 3iB, y perynsmii 30y-
JKeHHS 1 raJlbMyBaHHS B HEpPBOBIH cucTeMi,
nepeaadi CUTHaIiB MO HEPBOBHX BOJOKHAX.
be3 HUX HeMOXJIMBa JisNBHICTH XOIHOI
IJISTHKY HEPBOBOI cuctemu [8]. Bonu maroTh
BEJUKY KIJIbKiCTh MiATHUMIB, IO 3YMOBIIOE
(¢hopMyBaHHS KaHAJIIB 3 AyXe pizHUMU Oiodi-
3UYHUMH Ta (PapMakoIOTIYHUMHU BIACTHBOC-
Tamu. KanieBuit kaHam — e TpaHCcMeMOpaHuit
NpOTEeiH, IO CKIaAaeThCsA 3 4 0 -cyOOAMHUIE.

Hwuni Bigomo 11 ponwH KamieBUX KaHATIB, IO
aKTHUBYIOTHCS MPU AEMOoJspu3amnii KIITHHHOL
memb6panu (Kvl-Kvll), saki 06’ eqayoTs
6mm3pko 30 miaTHIIB O -CyOOMHUIIB, 3MaTHUX
YTBOPIOBATH TOMO- YH TeTepoTeTpamepu [4].
Ockinpku cnenudidHui Habip MOTEHITIaTKe-
pOBaHUX KaHaJiB 3yMOBIIIOE€ OCOOIMBOCTI
¢dizionoriyHOi AisUTEHOCTI HEHPOHA, TO OUCBHI-
HO, 10 MUTAHHS X PO3MOIiNy B HEpPBOBIH
CHCTEMIi € OHUM 3 HalOINbII aKTyalbHUX y
Hewpodiziomorii.

INimokamm — 1e, mo-nepiuie, oJHa 3 KI04o-
BUX JIAHOK Y MeXaHi3Mi pOopMyBaHHS eMOIIiil 1
KOpOTKOYacHOI maM’sATi Ta 3abe3medeHHS
PUTMIYHOI aKTHBHOCTI KOPH, a 3 IHIIOTO —
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ToTeHuiankepoBaHi KajieBi KaHaIH

3pyYHUH MOJAEIBHUNW 00’ €KT IJsI BUBUCHHS
HEHPOHAJBHUX B3aEMOBIJHOCUH 1 po0OOTH
JKUBUX HEHPOHHUX Mepex [2, 6]. 3 sicyBaHHSA
cnenudiku po3MOAiTy Kali€BUX KaHaliB Ha
Horo 30y/)KyBaJbHHUX 1 TallbMiBHUX HEHpOHAaX
MOYE MOSICHUTHU AK NPUHIUIIHN OpTraHizanii Ta
poOOTH HEpPBOBUX CTPYKTYp B3aranii, Tak i
ocoOnuBocTi OynoBU Ta QYHKLIOHYBaHHS
rinokamma 30KpeMa, IO, B CBOIO 4epry,
JO3BOJIUTH 3’ SICYBaTH IPUUYUHH, 5Ki JIEKATh B
OCHOBI TOPYIIEHHS HOTO AislTbHOCTI. DaKkTH4-
HUH MaTepial, HAKOMMYESHUH 3 IbOTO MUTAHHS,
MOYHa po30UTH Ha JIBi Irpynu: enekTpodizio-
JOTIYHI IOCHIJKEHHs Kali€eBUX CTPYyMiB Ha
HelpoHax rinokamma Ta MoJeKyJIsapHo-06iomno-
rivH1 Y4 riCTOJIOTIYHI JOCHIIKEHHS KalllEBUX
KaHalliB Ha [UX HeWpoHax. BiAmoBigHICTE MiXk
IHTerpajJbHUMH KajJi€BUMH CTPYMaMH, 3ape-
€CTPOBAaHMMH Ha HEHPOHAX, 1 HAABHICTIO MEB-
HHUX TUIIIB KaHaJIiB Ha MeMOpaHi I[UX KJIiTHH
BUBYAJIH JOCUTH Majo.

Mo cTocyeTbest iIHTEPHEHPOHIB, TO ICHYIOTD
JaHi Ipo HasiBHiCTh HAa iX MeMOpaHax KaHaliB
ponuau Kv3, HeoOXigHHUX ANiss reHepamii
MOTEeHIiaNiB aii 3 BUCOKOIO yacToTOO [14]. €
BiJOMOCTi MpO HAasIBHICTh Ha HUX CTPYMY 3i
NIBUJIKOIO iHaKTHUBaIli€o (A-CTpymy), 110, HA
BiZIMiHY BiJl A-CTpyMY B IipamiJajdbHHUX HEHPO-
HiB, Ma€ BiJJHOCHO HEBENHWKY aMmILtityny [3].
Ane B3araii, SKIIO MOPiBHIOBAaTH 3 Mipami-
JaJbHUMH HEWpPOHAMHU, KapTHHa Kali€BUX
CTPYMiB, BJaCTUBUX rajibMiBHUM iHTepHEpO-
HaM rinokammna, HUHi BUTJIAAa€ 3HAYHO MEHII
4iTKOI0. SIK mpuKIag MOXKHa 3rajaTH JeKiib-
Ka poOiT, MPUCBSIYEHUX BUSABIECHHIO Ha MipaMi-
JAJbHUX KIITHHaX M-CcTpyMy Ta BigNmOBigajib-
HUX 32 HhOTo KaHaiiB poaunan KCNQ (Kv7)[18,
20], mpu MOBHIHM BiICYTHOCTI eJeKTpodiziomno-
TIYHUX JIOCJIKEHB [[LOTO MUTAHHS HA IHTepHEH-
poHax. TakuM YMHOM, HE3BaXKaIOUU Ha HAsIBHICTD
OKpEMHX JIaHUX, 3arajibHOi CHCTEeMH 3HAaHb PO
IpUTaMaHHi ralbMiBHUM 1HTEpHEHPOHAM TiM0-
KaMIla Kalli€eBi CTpyMHu 1 BiamoBinHi HaOopu
MOTEHIIIaTKEePOBAHMX KATi€BUX KaHAIIB J0C] HE
icaye. B Hamiii po6oti Mu 3pobunu cupoly
BHECTH JI€AKY SICHICTh y 1l€ MUTAHHS.

36

METOJUKA

Hocainu npoBoANIN HA HEHPOHAX MEPBUHHOT
3—4-TuXHEBOI KyJbTYpH BChOTO TilOKamIa
mypiB ninii Bictap. KynsTuByBanHs HEHPOHiB
3A1MCHIOBAJIH 32 METOJ0OM, ONMCAHUM paHille
[5]. MeTon ¢ikcanii moreHuiany B KOHQIry-
pauii “mina xJaiTHHA” BUKOPHCTOBYBAaIW IS
peectpanii TpaHCMeMOpaHHUX TOTEHIIiaN3a-
JEeXHUX KalieBUX cTpyMiB. [ocmigxyBaHi
HEHPOHU 3HAXOAUJIHUCH Y CTAaHAAPTHOMY
30BHIITHBOKJIITHHHOMY PO34YHMHI HACTYITHOTO
ckiany (mmonsn/m): NaCl — 140, KCl - 3,
CaCl, - 2, MgCl, - 2, rmoko3a — 30, HEPES —
20, pH noonunu no 7,4 nonaBanusm NaOH.
VY 30BHINIHBOKIITHHHUN PO3YHUH J10/1aBAJIH 110
20mkMmonb/1 DNQX i DL-APS nns Omokanu
rnyramatnoi nepenadi i 0,1 mmons/n CdCl,
s OJIOKaJu KalbIlieBUX KaHaliB. Y nepdy-
3YIOYUH PO3YHH IPU HEOOX1THOCTI iHT10yBaHHS
MOTEHIIaJKEPOBAHUX HATPIEBHX KaHaIIB
J0JIaBAJTM TETPOJOTOKCHH Yy KOHIEHTparii 1
MKMOJB/1. Yci mepepaxoBaHi pedoBUHHU Oyin
BupoOHuNTBa pipmu “Sigma” (CLIA). Hus
CEJIEKTUBHOTO MPUTHIYCHHS KaJi€BUX KaHAIIB
BUKOPHUCTOBYBalu OIOKaTOpH O-AEHAPOTOK-
cuH, 4-aminomipuaus (“Sigma”, CIIIA), niHo-
mipauH, XE991 (“Tocris”, Benmukoopuranis) ta
akTuBaTop KamieBux kanaiaiB KCNQ perura-
011 (“DuPont”, ®dpanuis). Anirikamito pedoBUH
i 3aMiHy pO34YHHIB IPOBOJUIH 32 JOTIOMOT 010
MeTona MBHUAKOI TOKadbHOI cymepdy3ii [22].
CxnsaHi patch-mikponineTkn Manu omip 4—6
MOWM 1 3aITOBHIOBAIUCH BHYTPIITHLOKIIITHHHUM
po3uuHoM (MMoutb/n): K-rmokonar — 100, KCI —
50, EGTA - 10, MgCl, - 5, HEPES - 20, pH
mosonuiau g0 7,4 momasanuaM KOH. VYeci
pedyoBUHH BUpoOHHITBA Pipmu “Sigma”,
CIHIA. €EMHICTb METOK KOMIIEHCYBaJIU IEepe.
peecTpalieo CTpyMiB, EMHICHI apTedakTu
KIITHH 1 CTPYMHU BUTOKY BiAHIManu MmpH
00poOui pesynbTariB. PeecTpamiio pesyib-
TaTiB MPOBOAMIIM 33 JOMOMOTOIO MOCHIIOBaYa
Axopatch 200B i makera nporpamm pCLAMP6
(“Axon Instruments”,CIHA). I[lomanemy
00po6OKy ¥ aHa;i3 pe3ynbTaTiB 3A1MCHIOBAIH
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3a JonomMoror mnakera nporpam pCLAMPY
(“Axon Instruments”, CIIIA) i Exel2000 (“Mi-
crosoft”, CIIIA). PesynpTatu npencraBieHi
K cepeaHe £ mMoxubKa cepeIHbOTO.
BuBuanu MynbpTHUNONSAPHI KIITHHHU Pi3HOI
dbopmu posmipom 15-35 mMkm. Heliponu
TpUKYTHOI (OpPMH Ta BCi KIITHHH 3 TphOMa
BipOCTKaMU BUKJIIOUAIH Y 3B’ 3Ky 3 MOXKJIH-
BUM BiJIHOUIEHHSM X 70 MipaMigalbHUX HEHU-
poHiB [7, 16]. Ockinbku MOpHOTOTIYHUH KPH-
Tepili BBAXKAETHCSA HEOCTATHIM JUIs ieHTUudi-
Kalii TUIIY KJIITHUH B yMOBaXx KyJIbTypH, TO X
HaJEXHICTh 10 TaJlbMiBHUX iHTEpHEHPOHIB
JIOJATKOBO MEPEBiPsIIHN 32 elleKTpodizionoriyu-
HUMH BJIacTHBOCTAMHU. Tak, BigfoMo, 110 B
rinokamiii y BiAMOBiAb Ha TPUBAJTY JEMOJSAPHU-
3alil0 mipaMizajbHi KJIITUHH TEHEPYIOTH
MOTeHL1axH il KOpOTKUMHU cepisimu (bursting)
91 3 HeBUCOKO0 yacTtoToro (15-30 '), (regu-
lar spiking), y To#l yac ik ranpMiBHI iIHTEpHEH-
POHH MOJUISAIOTHCS Ha ABI TpymH, IO T'eHe-
PYIOTh MOTEHIlialu Jii 3 HeBUCOKOt (regular
spiking) uu 3 Bucoxoio gactototo (50-70 '),
(fast spiking) [9, 11]. Kpim ToTO, B ymMOBax
KyJbTYPH HU3bKO1 IITBHOCTI HEHPOHH 4aCTO
YTBOPIOIOTH TaK 3BaHi ayTamcu (autapse) —
CHHAINTUYHI 3aKIHYEHHSI Ha COMI KJIITHHH, IO
WnyTh Big BigranyxeHs ii xx akcony. Ilpu
ObOMY y pa3i ZOCTaTHBHOI IJIsi BAHUKHEHHS
MOTEHIIiadiB Jii B aKCOHI CTUMYJISAIIi TaKkoTo
HepoHa CIIOCTEPIraeThCA MOCTCUHANTHIHUH
CTpyM Ha ioro memOpani (puc. 1,B). Takum

10 MB

100 mc
a

YUHOM, SKIIO AOCHi)XyBaHa KJIiTHHA FEHEPY-
BaJjia MOTEeHU1adu Aii 3 BUCOKOIO YaCTOTOIO, UM
SAKIIO HA Hill criocTepiraBcs NOCTCUHANTHYHUII
CTPYM BiJ ayrtanca B yMoBax 3a0JI0KOBaHOT
30yIKyBalbHOI Iepegadi, MM MOIJIN BIIEBHEHO
TOBOPHUTH PO 1i HANEKHICTH A0 raJbMiBHHUX
IHTepHEHPOHIB.

PE3YJIBTATH

KaumieBi cTpymu, 10 BUHUKAIU Y BiAIOBI/Ib Ha
JeToJIsIpU3allifo KJIITHHHOT MeMOpaHu, 0CIi-
*eHl Ha 21 iHTepHelpoOHi, IO TeHepyBaB
MOTeHIiaan Aii 3 BUCOKOI YaCTOTOI Ta 22
IHTepHEHpPOHAaX, 110 BIANOBI AN HA ICTIOJISPH-
3yBaJbHHUH IMIYJIbC CTPYMY CEPIEI0 MOTEH-
miayiB aii 3 HEBHCOKOI YacToTOI0. Heliponu
nepmoi rpynu Oynu 3naTHi reHepyBatu 20-35
noreHiianu aii nporarom 500 Mc cTumynsmii
3 HaMMBIIMPHHOIO MTOOJUHOKOI'O MOTEHIIiany Jil
0,7-1,2 mc. KniTHu qpyroi rpynu reHepyBain
MPOTIAroM CTUMYJIALIT 8—18 moTeHmianiB aii 3
HaNiBIIMPUHOI MOOAMHOKOTO MOTEHIIany ail
1,35-1,8 mc (auB. puc. 1,a,0).

Jnst aktuBamii CyMapHOTro Kajai€eBOTO
CTPYMYy BUKOPHCTOBYBAJIM CTAHIAPTHY CXEMY
CTUMYNANII, TpH AKIA micis momepenHboi
rinepmonspusanii go —110mMB Ha kaiTHRHY
MoJaBajucCs ACMOJIApU3yBadbHI MOMITOBXH 3
inkpemenTom 10 MB Big —40 no +60 MB (puc.
2,a). Ha Bcix qocnijpkyBaHUX HEHpOHAX Taka
CTUMYJSIiS BUKJIHMKajga MOSIBY BUXIJHOTO

—
|

50 me

0 B

Puc.1. Cepii norenuianis aii, 1110 reHePYOTHCS iIHTCpHEHPOHAMH Y BiANIOBIZb HA CTUMYJIALIIO JETIONSPU3YBAILHUM CTPYMOM
3 BUCOKOIO (2) Ta HEBUCOKOIO (0) 4acTOTOO i MPUKJIAA MOCTCHHANITHYHOIO CTPYMY Ha MeMOpaHi HelipoHa (B, BKa3aHUH
CTPIJIKOI0) y BiJIIOBi/Ib HA KOPOTKOTPUBAJIE AEHOISAPU3YBaIbHE 3MIILIEHHS 10r0 MEeMOPAaHHOTO IOTEHLiaNly
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Puc.2. IarerpaibHuii KanieBuil cTpyM iHTEpHEHPOHIB rinokamna. OpuriHanbHi 3aHCH CyMapHOTO KaJli€BOTO CTPYMY,
BUKJIMKQHOTO CTYIIHYaCTOIO ACMOJSAPU3Alli€l0, Y IHTCPHEHPOHIB, IO I'eHEepyIOTh NMOTEHIialn Ail 3 BUCOKOIO (a) Ta
HEBHCOKOI (0) 4acTOTOIO.

VYeepeHeHi BOIbT-aMIEPHI XapaKTEePHUCTUKU LbOTO CTpyMy: 1 —y KOHTpoJIi, 2 — npu HasBHOCcTI 100 HMob/11 (B, n=12)
ta 1 MkMoub/n (T, n=3) O-AEeHAPOTOKCHHY, 3 — Micis BiAMHMBaHHI. AMIUIITYIH CTPYMiB HOpMalli30BaHi BiJIHOCHO
MaKCHUMaJIbHOTO KOHTPOJIBbHOTO PiBHA. OpUTriHAIBHUH 3alIUC CyMapHOIO KajJi€eBOTrO CTPYMY NPH BUKOPUCTAHHI CXEMH
CTUMYJISALIT 3 TPUBAIMMH JICTIONIAPU3YBAIBHUMHU 3CYBaMH IOTeHLiany (1)
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CTPYMYy 3 MaKCHMallbHOKI aMILTITYJOI0 NIpHU
+60 MB Bix 1,5 10 6 HA Ta moporom akTuBaii
o6nu3pko —50 MB (auB. puc. 2). B 060x rpymax
HEHpOHIB, IO Te€HEPYIOTHh MOTEHIianu Aii 3
BHCOKOIO Ta HEBUCOKOIO YaCTOTOIO, IPOTATOM
200 Mc iHTepBaly CTHMYNALii iHAKTUBaLis
IbOTO CTPYMY IPaKTUYHO HE cocTepiraiacs
(nuB. puc. 2,a,0). Jns i3onsnii mBUIKOTO
CTpyMy A-THUNy BUKOPHCTOBYBajacs NOAAT-
KOBa CXeMa CTUMYIANIi, ika BiApi3HsIacs Bij
nomnepeaHboi BiACYTHICTIO TiNEepHONAPH-
3yBalbHOTO MepeaimMnyibcy. B Takux ymoBax
A-cTpyM inaktuBoBaHuil. Ilpu BigHiMaHHI
CTPYMiB, OTPUMaHHUX 3a JONOMOTOI0 Ii€i
CTUMYNsANii, BiJ 3arajJbHUX CTPYMiB, MH
OTPUMYBAJIM Pi3HULIO, IO € KAJIIEBUM CTPY-
MoM A-tuny. Ha Bcix nociigxyBaHux HEHpO-
Hax, He3aJle)XHO BiJ XapakTepy reHepamii
noTeHUianiB Aii, A-CTpyM MaB Mopir akTuBaii
o6nu3bpko —45 MB, cTany yacy inaktuBanii 15—
40 mc 1 ctanoBuB 9,4 % + 1,3 % Bijg 3araib-
HOTO BUXIZHOTO CTPyMy. 4-aMiHOMIpUIMH Y
KOHUeHTpanii | MMONIb/1 HE CHIPUUYUHAB
BipOTiIHOTO BIUIMBY Ha aMILTITYAy A-CTpyMy
(puc. 3).

Hns mepeBipku yacy iHakTuBauUii iHTer-
palibHUX KallieBUX CTPYMiB 1 BHECKY B HHX
KOMIIOHEHTa, 10 i1 He Ma€, BAKOPUCTOBYBau
CTUMYNANi0, TNOAIOHY MO omucaHOI AJA
aKTHBallii CyMapHUX CTPYMiB, alie 3 TpUBa-
JICTIO JENOJISIpU3yBaJIbHOTO CTUMYNY 7 C.
Crana yacy crmagy cTpyMiB, IO MaJd iHAKTH-
Ballito, Ipu Ui cTumynsnii 6yna 3 c+ 0,15 ¢
(n=8), xoMmoHeHT 0e3 iHaKTUBaIlii CTAHOBHUB
83 % £ 1,7 % (n==8) Bix aMIIiTYyau CyMapHO-
ro cTpymy (AuB. puc. 2,1).

15 mepeBipku BHECKY B BUXIAHUM CTPYM
kaHaiiB ponuHu Kv1 Oynma mocnigxeHa Jis Ha
CyMapHHUM CTPYM a-JeHIAPOTOKCHHY, BiJOMOTO
ix 6mokaropa: Ha 12 HeiipoHax y KOHUEHTpalii
100 amMonb/n 1 Ha 3 HelpoHax y KOHIEHTpauUii
1 MkMonb/n. Y BciX BHHmagkax O-AeHAPO-
TOKCHH HE COPUYUHSB BipOTiHOTO BIUIMBY Ha
BHUKJIMKAaHUH KaJdi€BUH CTPYM (IUB. pHC. 2,B,T).
He3HauHe 3MEHILICHHS aMIUTITY]] TOSICHIOETHCS
CKOpilie He Ai€ro OiokaTtopa, a MOCTYNOBUM
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NOBINBHUM 30iNbIIEHHIM OMOPY AOCTYIY
NpPOTITOM EKCIIEPUMEHTY, Ha KOPUCTHb YOTO
TOBOPHUTH BiJICyTHICTh BIIHOBJICHHS aMILTITy 11
IiCJs BIIMUABAaHHS.

[nsa BimokpeMJeHHS CTPYMiB, IO HE
MalOTh YaCOBO1 iHaKTUBaIil, BUKOPUCTOBYBaJIH
CTaHJApTHY J€aKTUBALiIHHY CXeMY CTUMYJALI]
[1]. llpn ubOoMy KIAITHHY YTPUMYBailu y
MOCTIHHOMY AE€TOJIIPU30BaHOMY CTaHi Ha PiBHI
—20 MmB, Big skoro 3 iHTepBaioMm 15 c
nojaBajd TiNEePHOAIPU3YyBalbHI NOUITOBXH
tpuBaiictio 1 ¢ Bix —30 1o —90 MB (puc. 4,a).
[Ipu TpuBaniii genonaspusanii akTHBOBAHUMU
3ajJWIIagucs JMIIe KaHallu, 110 HEe MalHu
4acoBOi iHaKTUBaIlii, i IpH rineprnoiaspusamin-
HHUX 3MIiLNIEHHSIX MOTEHLially crocTepiraBcs
npoitec iX JgeakTuBamii — Tak 3BaHi XBOCTOBI
ctpymu. Ha Bcix mochijkyBaHMX HeHpoHax
NpU TPUBANINA Jgemonspu3anii BUABISIBCSA
BUXI1IHUH cTpyM, 10 MaB amrtiTyay 100-400 nA
npu —20 MB 1 mopir aktuBanii 6mu3pko —60 MB
(nuB. puc. 4). Moro neaktusaniitni kpusi 106-
pe anmpoKCUMYBAaJKCS JBOMA €KCIIOHEHTaAMH
31 ctanumu crnagy 22+3,1 ta 306 mc + 40 mc
(n=32) mpu 3miHi moteHmiany Big —20 g0
—50 mB. JloctoBipHoi pi3zHHUI y KiHeTHII
CTPYMiB, MiX HelipoHaMH, IO TeHEPYIOTh
noTeHuiaian Aii 3 BUCOKOI Ta HEBUCOKOIO
4acTOTOI0, He BUSABIEHO. I[00 BUKIIOUUTH
MOXJIMBY y4acTh y NOCHiJKYBAaHOMY CTPYMi
D-ctpymy, 10 Ma€ MOBUIBHY iIHAKTHBALIIO IPH
HEeTaTUBHUX moTeHIianmax [19, 25], Ha 5
HelipoHax Oyino mepeBipeHo nit0 4-aMiHoImi-
pUIMHY, KUK y KoHIeHTpanii 0,2 MMOJb/1 He
BUKJIMKAB JKOJHUX BIpOTiTHUX 3MiH aMILTITyIH
(nuB. puc. 4,€). 3a BCTAaHOBJIECHUMH XapaKTe-
PUCTUKAMU BUSBICHUN KaJli€eBUM CTPYM MOKHA
BimHecTHn Mo M-ctpymy [13, 18], akuii € pe-
3yJabpTaToM akTuBauii kanamis ponuHu KCNQ.
Tomy Oyso BupileHO IEPEBIPUTH Iit0 HA HHOTO
cnenqudiunux OGiokatopiB kananis KCNQ
ninonipauny i1 XE991, a takox aktuBaropa
perurabiny. [Jito niHonipauHy Oyno mocmnia-
’keHo Ha 16 Heliponax, XE991 — na 5 HelipoHnax.
KonnenTpauiro 6siokatopiB Oyyio migidpano
Tak, mo0 npubnuszHo y 10 pa3iB BoHa mepe-
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BUIyBaJIa BiJOMY KOHLIEHTPALi0 II0JIOBUHHOTO
npurnivenHs s kaHanie KCNQ — 50 1 10
MKMOJIB/JI aaa niHomipauHy Ta XE991 Bin-
noBigHo. O0uABa 0JOKATOPH HE CIPUUUHSIIN
JOCTOBIPHOTO 3MEHIIEHHS aMILTITYyOH BU-
XigHOTO CcTpyMy (nuB. puc. 4). 30inpmeHHs
KOHIEHTpauii JiHonipauHy 1o 80 MKMOIb/1
TAKOX HE NMPHU3BOAMIO JO MOSIBH €(EKTy.

OpnHak anjikamis peTura0iHy y KOHIEHTpauii
15 MKMOIB/1 AOCTOBIpHO 3MilIyBajia BOJBT-
aMIIEpHY XapaKTEPUCTUKY CTPYMY, IO HE Ma€E
yacoBOi 1HaKTHUBAIl, 10 OiJAbII HEraTUBHUX
MOTEHI[iJiB, i, BIATOBIIHO, 30iMbIIyBaIa HOTO
aMIutityny npu notenniani —20 mB Ha 66 % +
14 % y nopiBHsHHI 3 KOHTpoJeM (n=16), (1uB.
puc 4).

0,8

0,6

I/IKOHTP pnax

0,4

0,2

-40 -30 -20 -10 0
B

10 20 30 40 50 60 wB

Puc.3. OpuriHaibHi 3aIMCH IBUAKOTO KaJli€BOro CTPyMy A-THITYy B KOHTPOIII () i Tpu HasBHOCTI 4-aMiHomipuuHy (0) Ta
BIANOBiZHI, HOPMOBaHI BiJTHOCHO MaKCHMaJbHOTO KOHTPOJIILHOTO PiBHS, BOJbT-aMIIEPHI XapaKTepUCTUKHU (B, n=6): 1 —

KOHTPOIb, 2 — 4-aMiHONIpUANH
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Puc. 4. [Ipuknaan opuriHaNbHUX 3aMIUCIB KAJIIEBOTO CTPYMY, I1I0 HE Ma€ YacoBOT iHAKTHBAILLi1, B KOHTPOII (), TpU HassBHOCTI
aiHonipauHy (6) um perurabiny (B). CrpinkaMu noMidyeHUH HYIbOBHH PiBEHb CTPYMY. YCEpEIHEHI BOJbT-aMIICpHIi
XapaKkTepUCTHKH (T, [, €) Ta aMILTITYyqu pyu notenuiaii —20 MB (e) cTpymy, 1o He Mae yacoBoi iHakTHBaLii: 1 —y KOHTpOJII,
2 — npu HasBHOCTI 15 MKMounb/n peturadiny (n=16), 3 — 50 Mxmosb/n ninonipauny (n=16), 4 — 10 mxmons/a1 XE991
(n=5), 5—0,2 MMob/11 4-amMiHOIIpUIMHY Ta 6 — Iic/Is BiAMUBaHHA. AMIUTITY/a CTPYMiB HOPMOBaHi BiIHOCHO MaKCUMaJILHOTO

KOHTPOJIbHOTO DPiBHA
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OBI'OBOPEHHS PE3VYJIBTATIB

Hamri pe3ynbraTu mokasaiy, Mo Ha rajJbMiBHUX
IHTepHEHpOHaX rinoKaMIa He3aleKHO BiJl THITY
iX eJIeKTpUYHOI aKTHBHOCTI cepej MOTEH-
[iaJTKEpOBAaHUX KallilEBUX KaHaIiB, IO aKTH-
BYIOTHCSI y BIiJANOBiAb Ha JeNojsipu3auiro,
OCHOBHY YaCTKY CKJIaJal0Th Ti, IKi MAlOTh TyKe
MOBIIbHY YACOBY 1HAKTHBAIIIIO 1 5IKi i HE MAIOTb.
CTpyM 31 MIBUJAKOIO iHAKTUBAIli€l0 A-THITY
TAKOX CIOCTEepiraBcs Ha AOCIHiAXYBaHUX
KIITHHAX, aje CTAHOBHUB He Oinbine Hixk 15 %
BiJI 3araJIbHOTO BUXiZHOTO cTpyMy. Taka 0co0-
nuBictb TAMKepriuaux iHTepHEHPOHIB yxke
Oyna omucaHa IesIKUMY aBTopaMu [3] 1 € oHI€r0
3 XapakTepHHUX BigMiHHOCTe# X Bix mipami-
JalbHUX HelpoHiB. Bizomo, mo 3a A-cTpym
BIAIOBIZAIOTH Kaji€Bl KaHaid migTumis Kv3.3,
Kv3.4, Kv4.1, Kv4.2 i Kv4.3, axi gemo
BiAPI3HAIOTHCSA CBOIMHM KIHETHYHHMH I1apaMeT-
pamu 1 papMaKoJOTIYHUMHU BIACTHBOCTIMH [4,
14]. BigcyTHicTh uyTnuBOCTI A-CTpyMy JoOC-
JTiIKeHUX HEHpOHiB N0 4-aMiHOMipUIMHY, a
TaKOX MOTO MOTEHIiall aKTUBAIlii, IKUH Mpuo-
JU3HO CTaHOBUTHh —50 MB, 103B0oAAI0TH
CTBEPIKYBAaTH, 110 B HOro popMyBaHHI OEpYyTh
y4acTh KaHATU BUKIIOYHO ponuHu Kv4.

Mu BCTaHOBUIIH, 10 MOTEHIia] aKTHBAIi{
3arajJibHOT0 KaJli€BOTO CTPYMY, KOTPUN BUHH-
KaB y BiJIMTOBib Ha JeNIONIsIpU3alito, OyB mpuo-
nu3Ho —50 mB. 3a gamumMu miteparypH, y
Mexax Bix —40 mo —60 MB nexats moTeHIianu
aktuBanii kananis poaua Kvl, Kv4 i KCNQ
[4, 13]. Ockinbku BiACYTHICTHh HPOBiIHOI
yuacti ponuau Kv4 y popmyBanHi BUXigHOTO
CTPYMY BXX€ OUYE€BHAHA 3 pe3yNbTaTiB mpo A-
CTPYM, TO Ha IO POJIb 3aJNUNIAIOTHCS JBa
“MmoBipHI kKauauaath — kanaru Kvl i KCNQ.
3BiCHO, BUXOAAYN 3 MOTEHIialy aKTHUBaIii
CyMapHOTO CTPYMY, MH HE MOXXEMO B3araii
BUKIIOYAaTH HasiBHICTh QyHKINiOHANBHUX
kaHaniB poaud Kv2 ym Kv3 Ha memOpaHni
iHTepHelponiB. Jlo Toro x, HasBHicTE Kv3.1 1
Kv3.2 BBaxkaeThcst HEOOXITHOIO YMOBOKO IS
3J1aTHOCTI iHTepHEHPOHa reHepyBaTH MOTEH-
mianay Aii 3 BUCOKOIo gactororo [11, 14]. Ane
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OYEBUAHO, IO AKIO iX AIAABHICTH IYyXe
HE3HAaYyHO BINIMBAE HA GOPMY BOJBT-aMIEPHOT
XapaKTepPUCTUKHU, TO OCHOBHA YaCTKa CTPYMY
MEePEeHOCUTHC KaHalaMu iHmuUX poauH. Ha
KOPUCTH IBOTO TOBOPSATH PE3yJIbTaTH HAIIHX
JOCIiAiB 3 TPUBAJIUMHU ACTOIAPHU3YBAIbHUMHU
CTUMYJaMH, 3 SKHX BHUAHO, IO KOMIIOHEHT
CTPYMY 3 AOBTOI0 IHAKTHBALI€I0 CTAHOBUTD Y
cepenubomy 17 % Bix 3aranbHOTO CTpyMy. BiH
Mae€ cTaJly 4acy iHakTHBaIlii 0Ju3bko 3 ¢, 10
HaOJIMKAETHCS A0 CTanoi yacy iHaKTHBamii
kaHamiB miarumiB Kv3.11 Kv3.2 [4].

XapakTepHOIO 0COOJIUBICTIO KaHATIB POIH-
Hu Kv1 € Bucoka yyTIHBIiCTh A0 O-I€HAPOTOK-
CUHY: KOHIICHTPAIisl TOJIOBUHHOTO MPUTHIYEHHS
cTaHOBHUTH Onm3bko 10 amonn/nm mug Kvl.l
Kv1.2 ta Kv1.6, nexinbpka COTEeHb HAHOMOJIEH —
s migruniB Kv1.3, Kv1.4 ra Kv1.5 [4]. Hami
JOCIiAN MOKa3alu, o a-IeHIPOTOKCHUH HisK
He BIUIMBA€E Ha MOTCHIiaTaKTUBOBAHHH Kallie-
BHH CTPYM TaibMiBHUX iHTEpHEHPOHIB KyJIbTY-
pH rimokammna, mo CBiIYUTh MPO BiACYTHICTH
Kv1 Ha ix meMOpaHi.

Kananu ponuuun KCNQ BBakaroThcs €1u-
HUMH KajJdi€eBUMH KaHajlaMu, IO HE MalTb
yacoBoi iHakTuBauii. s 3’sscyBaHHSA HasB-
HOCTi CTpPyMY, IO HE IHAKTUBYETHCS, HA T'allb-
MIBHUX IHTEpHEHPOHAX MH BUKOPUCTOBY Bajlu
cmenianbHy CXeMy CTUMYNAWii, mpu AKiH
HEHWPOH JOBTHI YaC YTPUMYETHCS Y ACTOISAPH-
30BaHOMY cTaHi. B Takux yMoBax Ha Bcix
KJIITHHaX HAMU CIIOCTEpiraBcs MOCTIHHMI CTpyM
BUXiJHOrO HanmpAMKy. Moro HewyTmuBicTh 10
HU3bKO1 KOHLIEHTpAIil 4-aMiHONUPUANHY BHKIIIO-
4a€e MOXJIHUBY ydacTb y Horo ¢popMyBaHHI
KaJlieBOro cTpymy D-Tumy, SKuii Ma€ MOBUIbHY
IHaKTUBAIIIIO IPY HETaTUBHUX MOTEHIIIaNax, aje
MOBHICTIO OJNOKYETbCS 4-aMiHOMIPpUIUHOM Y
koHIeHTparii 100 mxmons/n [19, 25]. Kinetnuni
MOKa3HUKH TOCIIIKYBaHOTO CTPyMYy, a came
MOTEHIlia]l aKTUBAIlii Ta cTaii 4acy JIeaKTH-
BaIliifHUX KPUBUX, Oy TU OJIU3bKI 10 Bijomux [13,
18] nns kananie KCNQ. Ane cneunudiusni
6nokaropu minomipauH i XE991 He cnpuunHsin
MOMITHOTO BIUIMBY Ha LEH CTpyM HaBiTh Y
KoHIeHTpauii, mo y 10—12 pa3iB nepeBuiryBana
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BcTtaHoBieny nius KCNQ [13, 17, 23, 24]
KOHIIEHTPAalil0 MOJOBUHHOTO NMPHUTHIYEHHS.
Pazom 3 Tum perurabiH, akui cneuudivyHo
3MINIY€ MOTEHI[ia] aKTUBAIlii KaHATiB POJUHHU
KCNQ o 6inbm nmonsipaux 3uadeHs [10, 15,
21], BiporizHo 3011bIIyBaB aMIIITYAYy CTPYMY
13CyBaB HOI0 BOJIBT-aMIIEPHY XapaKTEPUCTUKY
00 OiabII HEraTHBHHUX IIOTEHIIAJIIB, IO €
0€3yMOBHUM CBIJIOLITBOM HAasiBHOCTI QyHK-
nionansHux kaHaniB KCNQ na memOpaHni
nocipKkyBaHuX KaiTuH. [lossicHUTH Taki genio
cymnepeydHi (aKkTH HaM YSIBISETHCSI MOXKJIHBUM
nBoma musxamu. llo-mepme, MOXIUBO,
kaHanu KCNQ HasBHI Ha iHTepHEHpoOHAX Y
HEBEJIUKIN KITBKOCTI UM, 3 IKUXOCh IPUYHH, Y
HEaKTUBHOMY CTaHi, 1 X BHECOK y BUXIOHUH
CTPYM 3a 3BHYalHHUX YMOB Mi3€pHHH, X0U 1X
aKTHBaIisl 37aTHA CYTTE€BO 3MIHHUTH CTaH
HEPBOBOI KIITHUHH. 3apeeCcTPOBAHUN HAMU IPH
BiACYTHOCTI peTurabiHy CTpyM 3yMOBIECHUH
po0OTO SKHUXOCHh IHIIUX, AOCI HEBIIOMHUX
¢bopM KamieBUX KaHaliB. TeopeTuuHo e
MOXJIMBO, OCKiTbKH HUHI Bigomo 11 ponun Kv,
NPUYOMY OCTaHHI BiIKPHUTi 30BCiM HEJaBHO
[12]. Hlicte 3 HUX (KVS5, Kv6, Kv8-Kv11l) He
34aTHI YTBOPIOBATH TOMOMEPHHX (QYHKIiO-
HaJIbHUX KaHaliB, aje yTBOPIOIOTh TeTepo-
MEpH 3 IHIIMMH POAMHAMH (B OCHOBHOMY, 3
Kv2), 3minioroun ix BmactuBocti [4]. Axe
BHITAIKOBHUM 30ir X KIHETUYHUX ITOKA3HHUKIB 3
noka3znukamu kanainie KCNQ Burnsmae mayxe
MajoimMoBipHUM. ToMy OiNbII peasbHUM HaM
3Ja€ThCS Ipyre NPUIyLIEeHHS — HasABHICTH
HEeYyTIUBHX 10 O610KkaTopiB popm kanainis KCNQ
YU KJIITHHHUX MEXaHi3MiB, 3JJaTHUX CYTTEBO
3HIKYBATH L0 YyTIUBICTh, X04a YSIBUTH IPHH-
nuny A1 [UX MeXaHi3MiB JOCUTH BaXKKO.

0.0.Grygorov, A.O.Moskalyuk, S.A.Fedulova,
N.S.Veselovsky

VOLTAGE-ACTIVATED POTASSIUM CHANNELS
OF THE INHIBITORY INTERNEURONS
OF HIPPOCAMPAL CULTURE

Potassium channels make up the largest family of voltage-
activated channels and play a key role in maintenance of cell
excitability and in transmission of information within the

ISSN 0201-8489  ®izion. acyph., 2006, T. 52, Ne 6

nervous system. The aim of this work was to find out the
specific subtypes of voltage-activated potassium channels
peculiar to GABAergic interneurons of rat hippocampal culture.
It was shown that total depolarization-evoked outward po-
tassium current in any interneuron studied had the activation
threshold about -50 mV. The specific Kv1 channels’ blocker a-
DTX influenced neither amplitude nor kinetics of total current,
thus we excluded the participation of these channels in its
forming. The transient A-current made up 9.4+1.3% of the
amplitude of total current and had low sensitivity to 4-AP
that was an evidence of the presence of Kv4 channels in hip-
pocampal interneurons. The slow inactivating component of
integral potassium current was relatively small and had the
time constant of inactivation 3 £0.15 s that is typical for
delayed rectifier potassium channels of Kv2 and Kv3 sub-
families. The main contribution (83 £ 1.7 % of total ampli-
tude) to the integral current belonged to the non-inactivating
current. Prolonged depolarization of any interneuron tested to
—20 mV evoked a steady non-inactivating outward current with
amplitude 100-400 pA and activation threshold about —60 mV.
Retigabine shifted its I-V plot to more negative values and
increased the amplitude at 20 mV by 66+14%. These facts
can be evidence of the participation of KCNQ channels sub-
family in the forming of non-inactivating current. But selective
blockers of KCNQ channels linopirdine and XE991 had very
small influence on steady-state outward current that means the
current appears owing to activity of linopirdine-insensitive forms
of KCNQ channels or channels of a different, unknown family.

0.0. Bogomoletz Institute of Physiology, National Academy
of Sciences of Ukraine, Kyiv, Ukraine;
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