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V. BimomocTi npo guceprauiio
Mosga guceprarii:
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Tema gucepranii:
1. BusHayeHHs napaMmeTpiB KIHETUYHUX MOZEJIel IOHHUX KaHalliB 3 MAaKPOCKOIIYHUX CMHANITUYHUX CTPYMIB

2. Estimation of ion channel kinetic model parameters from macroscopic synaptic currents.

Pedepar:

1. luceprario IpUCBSIYEHO OLIHIOBAHHIO KIHETUYHUX KOHCTAHT, BEJIMYMHU CTPYMY [TOOLVMHOKOTO KaHay i KiJIbKOCTi
ionHux KaHasiB 3 HA60PY MaKPOCKONIYHMX CUHANTAYHMX CTPYMiB. [I71s1 IBUAKOTO i TOYHOTO OL[iHIOBAHHS LIMX
rapaMeTpiB po3po6JIeHO HOBUII METO], 1110 HAJIEXKUThb [0 KJIacy METOIiB MakcuMmizanii pyHKuii mpaBronogi6HOCTi.
Merto[ BpaxoBye KOpeJIsLii Mi>K 4aCTUHaMU MaKPOCKOITIIYHOTO CTPYMY, 3aPEECTPOBAHMMMU B Pi3HI MOMEHTH 4acy, i
BHMKOPHUCTOBY€ TOH (aKT, 110 KoBapialliliHa MaTpHUlLisi MAKPOCKOIIIUHUX CTPYMIB € ceMicerniapabesibHOI0, 1J1s1

0041 CII0BAIbHO €(PEKTUBHOTO i TOYHOTO OLiHIOBaHHS (PYHKILil MPaBgoNoaiOHOCTI HA6OPY MaKPOCKOIIYHUX CTPYMIB
Ta ii rpagienTa. O6unCIIOBaIbHA CKIIAHICTh METOY 3POCTAE JIiHIHO 3 YKMCJIOM CTaHIB y MOJeJli iOHHOTO KaHay, Ha
BiMiHY Bif Ky0i4HOI 3a/1€5KHOCT] y Hail6i/1bll epeKTUBHOTO 3 paHillle OIMCaHUX METOiB. Po3pobeHnil miaxin
IO3BOJISIE OLiHIOBATU [IapaMETPU KiHETUUHUX MOJeJIel, 0 MaIOTh Ay>Ke CKJIAIHY TONOJIorio. Ha npoTtusary iHmmm
METOJIaM L[bOTO THUITy, PO3POOJIEHNI METO/, € 3aCTOCOBHUM [10 IIOCTCUHANTUYHUX CTPYMIB i 103BOJISIE OL[iHUTH

KiHETUYHi KOHCTaHTU CUHANITUYHUX PELENTOPIB 3 EKCIIEPUMEHTAIbHO JOCSKHOI KiJIbKOCTI peCTpaLiii



MTOCTCUHANITUYHUX CTPYMiB. [Ipy 1IbOMY TOYHICTb OLIiHKM BEJIMYUHU CTPYMY IOOJIMHOKOTO KaHaly CUHAITU4HOTO
peLenTopa € Kpalolo 32 TOYHICTb METOy aHaJli3y HOpPMOBAHUX Ha ITiK HecTauioHapHUX ¢uykryarii. Le
MIPU3BOAUTD O MOKJIMBOCTI OL[iIHUTY i€l BaKJIMBUN MIapaMeTP 3 BUCOKOIO TOYHICTIO JIMIIE 3 JEKiJIbKOX
IIOCTCHMHAINITUYHUX CTPYMiB, 110 MOXYTb OyTH JIETKO 32apEECTPOBaHI B CTalliOHAapHUX yMOBax. Killo4oBi cioBa: MeTog,
MaKCHMaJIbHOI ITPaBIONOAiGHOCTI, KIHETMYHA MOZEJIb, ceMicenapadesbHa MaTpuLls, CHHANTUIHUN cTpyM, TAMKA

peLenTop, CTPyM [IOOAMHOKOTO KaHaJly, aHajli3 HecTalioHapHUX QIIyKTyalliil.

2. In this study a novel method based on a maximum likelihood approach is described that accurately estimates
kinetic constants, unitary current and number of ion channels from macroscopic currents. The method accounts
for correlations between different time points of macroscopic currents and utilizes the property of
semiseparability of covariance matrix for computationally efficient estimation of macroscopic current likelihood
and its gradient. The computational complexity of the proposed method scales linearly with the number of channel
states as opposed to the cubic dependence in the most fast of the previously described methods. The developed
approach allows to evaluate rate constants of kinetic models with very complex topologies. As opposite to other
methods of this type, the new method is applicable to the analysis of postsynaptic currents and allows estimation
of kinetic constants of synaptic receptors from experimentally feasible number of postsynaptic currents. Accuracy
of unitary current estimates obtained with this method is noticeably improved as compared to the peak-scaled
non-stationary fluctuation analysis. This leads to a possibility to precisely estimate this important parameter from
a few postsynaptic currents that could be easily recorded in steady-state conditions. Keywords: maximum
likelihood estimation, kinetic model, semiseparable matrix, synaptic current, GABAA receptor, unitary current,
nonstationary fluctuation analysis.
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