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1. Mopynaunis Kv3 kaHanamy TOHIYHOI iMITyJibcalii Ta JMHAMIKA BHYTPIIIHbOKJIITUHHOTO KaJblIil0 B TaHIJIIO3HUX

KJIITUHAX CiTKiBKM OKa IIypa

2. Modulation of tonic firing and intracellular calcium dynamics by Kv3 channels in the rat retinal ganglion cells

Pedepar:

1. luceprauis npucsBa4YeHa JOCIiIKEHHIO MOAYJIALIl IOTeHUiaTKepoBaHUMY Kv3 KaslieBUMU KaHaJlaMy 3MiH
BHYTPIIHbOKJIITUHHOI KOHLIEHTPALlii i0HIB KaJblil0, BUKJIMKAaHUX BUCOKOYACTOTHOIO TOHIYHOIO reHepalieto
noteHuianis aii ([110) B ranryiosHux kinituHax citkiBku ('KC) oka gopocioro uiypa. 3 BUKOPUCTaHHSIM 6JI0KaTOPiB
TeTPaeTUIaMOHII0, 4-aMiHONIpUAMHY, anbda-IeHAPOTOKCHUHY Ta KaAMilo XJIOpUAy BU3HaY€Ha KJII040Ba POJIb
Kv3.1/Kv3.2 kanaiB y NiITpMMaHHi TOHIYHOI BUCOKOYACTOTHOI reHepauii I1]]. Ekcripecist nux KaHasiB 3abe3nedye
IIBUJIKY PEIIOJIpU3aliilo MeMOPaHHOTrO IIOTEeHIialy Ta BUCOKY aMIUITyly CJIiZlOBOI rinepnossipusaliii, o 3yMOBJIIO€
BiIIIOBiHO KOPOTKY TpuBaiicTb [1]] Ta ckopoueHHs pedpakrepHoro nepiony 'KC. HasBHicTs cienudivyHmx
Kv3.1/Kv3.2 MPHK 6yJ10 BUsIBIEHO B JaHUX HEWPOHaxX 3a gonomororo [P 3i 3BOPOTHOIO TPaHCKPHUIILIEIO OJ1s1
OKPEMOI KJIITUHU. [JOCIII)KEHO 3MiHM BHYTPIITHBOKJIITUHHOI KOHLIEHTPALil KaJIbLiI0 Y BiATIOBIb SIK HA BUKJIMKAHY

BHCOKOYACTOTHY iMITyJIbCallilo, TaK i Ha BUKJIMKAHUH KajbLieBUi CTpyM. [TokazaHo, 10 aMILIiTyla Kajbli€eBOTO



CUTHAJIy JIiHIMHO 3aJIEXXUTH K Bifj 4yacToTy reHepauii [1]1, Tax i Bif TpHMBasIOCTI Ka/lbLi€BOTO CTPYMY, 11O CBiTYMTh
IIPO BiACYTHICTb BHECKY KaJbLil-iHIYKOBAHOTO BUKUAY KajybLio 3 KIiTUHHUX Jeno ['KC. BusBieHo BiACyTHICTb
BKJIaJly HU3bKOIIOPOTOBOTO KaJIblli€BOrO CTPyMy Y GOpMyBaHHs KajbliieBoro curuany B comi I'KC. Bnepe
noKasaHo, mo HasgBHicTb Kv3.1/Kv3.2 kananiB Ha membpanax 'KC monysoe KasbliieBUil BXifl IPA BUCOKOYACTOTHIN
TOHIYHi reHepauii [1]] Ta 3anobirae 3Ha4UHOMY 3POCTaHHIO BHYTPIlIHbOKJIITUHHOI KOHLEHTPALlii i0HIB KaJbLlilo IpU
JaHi¥ 4aCTOTi IMITyJIbCallii, IKe MO’KE€ YMHUTYU LUTOTOKCUYHY Iil0.

2. Thesis is devoted to investigation of calcium influx dynamics and sustained firing modulation by voltage-gated
Kv3 potassium channels in the rat retinal ganglion cells (RGC). Expression of non-inactivating Kv3.1/Kv3.2
potassium channels determines fast- spiking phenotype of many types of neurons including retinal ganglion cells
(RGCs); furthermore Kv3 channels regulate neurotransmitter release from presynaptic terminals. Experiments
were performed on the whole-mount retinal preparations from 4 to 6 weeks old Wistar rats using simultaneous
whole cell patch clamp and intracellular Ca2+ measurements in combination with single-cell RT-PCR. In response
to 500-ms depolarization step the RGCs demonstrated fast firing tonic behavior with a mean frequency of spiking
61 + 5 Hz (n = 68). All of the tonic cells tested (n = 9) expressed specific mRNA for either Kv3.1 or Kv3.2 or for both
channels. Bath applications of 4-AP (200 uM) and TEA (250 pM, 500 uM and 1 mM) modified firing patterns dose-
dependently as follows: firing frequency was decreased, mean action potential (AP) half- width increased and mean
amplitude of afterhyperpolarization was reduced. Neither bath applications of alfa-DTX (100 nM) nor of CdCI2 (200
uM) significantly affected firing properties of RGCs. Bath applications of 4-AP (200 pM) and TEA (500 pM) reduced
potassium current amplitude of the RGCs about 25%. The residual currents were similar to Kv3.1/Kv3.2 potassium
currents that were described in literature previously. Voltage-gated calcium currents isolation in the RGCs
revealed LVA calcium currents in the 10 of 22 tested cells (45%). Activation of the LVA calcium channels didn't lead
to changes in the intracellular calcium concentrations. It indicates that LVA calcium channels are weakly
expressed in rat RGC somas because we recorded ion currents from whole cell whereas calcium signals only from
somas. Amplitude of calcium signals was depended on HVA calcium current duration in linear manner with slope
of 2.76+0.76 nM /ms. Such dependence can suggests about the absence of calcium-induced calcium release from
intracellular stores in rat RGCs Bath application of CdCI2(200 uM) blocked completely either calcium currents or
calcium signal. The amplitude of the Ca2+ signals induced by the cells firing was linearly dependent on number of
APs with a mean slope of 7.3 + 0.9 nM per one AP (n = 8). APs widening by TEA increased the slope of the amplitude
vs. AP number plots in a dose-dependent manner: 250 uM of TEA increased the mean slope value to 9.5 + 1.2
nM/AP (n = 6), 500 uM to 12.4 + 2.4 nM /AP (n = 6) and 1 mM to 13.2 + 2.9 nM /AP (n = 6). All these parameters, as
well as the cells firing properties, were significantly different from controls and from each other except between
500 uM and 1 mM. This is consistent with the pharmacological properties of Kv3.1 /Kv3.2 channels: the TEA IC50 is
in the range 150- 300 pM with almost complete block at 1 mM. This suggests that Kv3.1/Kv3.2 channels modulate
calcium influx during the fast tonic firing of the rat RGCs and prevent the substantial growth of intracellular
calcium concentration at a given firing frequency, which may have an effect of cytotoxicity.
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