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2. Cherkas Volodymyr
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I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT
Iudp cnenianizoBaHOoi BYEHOI pagH (pa30Boi CleliaJai30BaHOi BYE€HOI pagu): [ 26.198.01

IloBHe HalMeHYBaHHSI IOPHUAUYHOI 0COOM: IncTuTyT disionorii im. Boromosbig HanjonanbHa akazemist

HayK YKpaiHu

Kog, 3a €EIIPTIOY: 00000000

Micqesnaxo,zm(emm: ByJ1. boromosnbLg, 4, M. Kuis, Kuis, 01024, Ykpaina
dopma BaacHOCTI:

Cdepa ynpaBiiHHS: Haujonanbna akaziemist Hayk Ykpainu

InenTugikarop ROR: He zacrocosyerscs

IV. BizomocTi nipo nmiznpueMcTBO, yCTaHOBY, OpraHisalliio, B sIKii 0yJ10
BUKOHaHO JHUCEPTALil0

IloBHe HaiMeHYBaHHSI OPUAHUYHOI 0COOH: IHcTUTYT disionorii im. O. O. Boromossig HAH Ykpainu
Kopg 3a €IPIIOY: 05417093

MicuesnaxomerHﬂ: 01024, M. Kuis, Bys1. boromosbig, 4

dopma By1acHoCTI:

Cdepa praBJIiHHﬂZ HaujonanbHa akageMisd HayK YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

V. BimomocTi npo guceprauiio

Mosga guceprarii:

Koau TemaTHYHHUX PYOPHK: 34.17.23

Tema gucepranii:

1. KilitnHHa curHasnisanis rinokajblyHy Y HEMPOHAaX TilloKaMIla.

2. Hippocalcin cellular signaling in hippocampal neurons

Pedepar:

1. Incepranis npucBsyeHa BU3BHAUYEHHIO 610(i3UYHMX BIACTUBOCTEN TiNOKAJIbIUHY Y AEHAPUTAX [1€PBUHHO]
KyJIbTypY HEMPOHIB rinokamna. B yMoBax gocify I0OKa3aHO HasIBHICTb Ta IPOCTOPOBO-4aCOBY CTPYKTYPY
TPaHCJIOKALii MOKa/JIbLUHY Y HOPMaJIbHO (PYHKI[IOHYI0UMX HEPOHAX KyJIbTYPH rirnokamina. BctaHosieHo, 1o
TiMOKaJIbIIMH MOJKE MTePEMIILYBATUCh 10 OJHUX i TUX K€ MiCLb B IE€HIPUTAX i aKCOHAX HEUPOHIB rinokamia npu
IIOCJIiIOBHIl reHepallii HelpoHaMy NaKeTiB NoTeHujaniB fii. 36inbmenHs yncna [1]] y naketax NpusBOLUATS A0
JIiIHIHOTO 306i/IbLIIEHHS aMIUIITY], BiATIOBIAHMX TPaHCJIOKAlill TiMOKaJbLMHY 6€3 3MiH Y iX IPOCTOPOBOMY PO3MOLiJi.
Y 510KanBHUX IPOCTOPOBO-00MEXXEHNX CErMEHTax TilOKaJIblMH iHTerpye akTiBHICTh HEHPOHA, JTiHIHO
IIepeTBOPIOI0YH ii B KiJIbKICTh 6ijIKa, TPAaHCJIOKOBAHOIO Y IJIa3MaTUYHy MeMOpPaHy HelpoHiB. BcTaHOB/IEHO, 1110
TpaHCJIOKALil [IOKaIBLUHY € Pe3yJIbTaTOM HOT0 BOYLOBYBaHHS y IJIa3MaTUYHYy MEMOPaHy AEHOPUTIB HEMPOHIB.
[TokasaHo, 10 BHYTPIlIHIi AP AEHAPUTHOI MEMOPaHM HEMPOHIB TilIOKaMIIa Ma€ Pi3HY CIIOPiIZHEHOCTD 0

rinoKasblMHY, YTBOPIOIOYY IIOCTilHI y 4aci jomeHu 171 cnenudiyHoro BOyJOBYBaHHS 11bOro 6ijika Iif, yac



JIOKaJIbHUX Ta I7106a1bHUX 30inbiiens [Ca2+]i. [TobymoBano nudysiliHy MOEIb TPAHCIIOKaLlii TiMOKaJIbLIMHY.
[TocTymnoeTbCs BaXKMBa POJIb TNOKAJBLVHY Y BHYTPIMIHBOKIIITUHHINA CUTHAI3allil B POJIi HEIPOHHOIO KaJbIi€EBOTO
Oydepa Ta ceHcopa, 110 3TaTHUI [0 JOKalIbHOI iHTerpauii curnasnis. Kitodosi cioBa:Ca2+-curnasnisauist, HepoHHi
KaJblli€eBi CEHCOPH, rinokanblyH, GayopecLeHTHi 6inky, kanbiumepis, FRET.

2. Hippocalcin is a Ca2+-binding protein, which belongs to the family of neuronal Ca2+ sensors. It is highly
expressed in the hippocampus but physiological role and molecular mechanisms underlying its action in this part
of the brain have not been investigated in detail. To study whether intrinsic neuronal activity could result in
hippocalcin-mediated signal transduction we examined spontaneous and action potential (AP)-dependent changes
in fluorescence of Yellow Fluorescent Protein-tagged Hippocalcin (HPCA-YFP) in transiently transfected
hippocampal cultured neurons. In 6-12 DIV neurons HPCA-YFP spontaneously translocates longitudinally both in
dendrites and axons to certain sites of 1-5 ?m in length from neighboring diffusionally confined segments of
neuronal processes. The translocation was expressed as a fast (1-5 sec) reversible increase in HPCA-YFP
fluorescence in these sites coincided with a decrease in adjacent sites indicating genuine protein translocation.
Both synchronous in remotely located sites, and asynchronous translocations of HPCA-YFP were observed in the
same neuron. Physiologically relevant neuronal stimulation with short AP bursts also resulted in fast (1-3 sec),
reversible, and [Ca2+]i-dependent translocation of HPCA-YFP to several sites synchronizing hippocalcin signalling
in different segments of neuronal processes. The amount of translocated protein increased linearly with the
number of action potentials in a burst, indicating that hippocalcin can serve as a local integrator of short-term
neuronal activity.Hippocampal neurons within neuronal networks reveal network-driven activity leading to a
complex spatio-temporal patterns of [Ca2+]i changes. We showed that these changes have to result in continuous
hippocalcin transitions between Ca2+ free and bound states and, as a result, in its different partitioning between
cytosol and membranes. To investigate this hypothesis we have examined spontaneous and stimulus-dependent
translocation of EYFP-tagged hippocalcin to subcellular targets in transfected hippocampal neurons growing in
low-density cultures. We have demonstrated that hippocalcin is a very fast and sensitive Ca2+ sensor, which is able
to detect a few action potentials and may participate in local integration of neuronal activity. FRET approach was
used to measure spatio-temporal pattern of hippocalcin insertion to the plasma membrane during translocation.
We found some specific sites on the dendritic plasma membrane, sized from diffractionally limited to several
microns, where local hippocalcin insertion to the plasma membrane was higher than in neighbouring sites. We
checked whether translocation at these specific sites are associated with regions of higher intracellular free
calcium concentration ([Ca2+]i). Creating spatially uniform [Ca2+]i transients in dendritic segments, we showed
that hippocalcin translocation was significantly different in neighbouring sites having the same (in terms of
kinetics and amplitude) patterns of [Ca2+]i changes. Producing long-lasting elevations of [Ca2+]i by activation of
different Ca2+ mobilizing mechanisms, we also demonstrated that hippocalcin translocation was observed in the
same set of sites independently of Ca2+ sources. These results indicate that [Ca2+]i is not the only determinant of
hippocalcin translocation and that local differences in the plasma membrane affinity for hippocalcin are an
important biophysical mechanism of hippocalcin signalling. Furthermore we have also developed original
approaches for quantitative separate and simultaneous measurement of hippocalcin concentration in cytosolic and
membrane cellular fractions of single living hippocampal neurons. Based on these approaches and simulation of
Ca2+ and hippocalcin diffusion in the dendrites and spines of hippocampal neurons we have shown that
hippocalcin concentration in dendritic membranes can undergo substantial local increase during intrinsic patterns
of neuronal activity. We conclude that hippocalcin plays a very significant role in intracellular signaling as calcium
buffer and sensor that is capable of local signal integration. Keywords:Ca2+-signaling, NeuronalCalciumSensors,
hippocalcin, fluorescent proteins, [Ca2+]imeasurement, FRET.
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dopma By1acHoCTI:
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Penensentu

VIII. 3aKkJII04Hi BiZoOMOCTi
BiiacHe IIpi3Buie Im'sa ITo-6aTbKOBi

TOJIOBH pajgu

BaacHe IlpizBume Im's ITo-6aTbKOBI

rOJIOBYIOYOrO Ha 3acCiiaHHi

BignoBigasibHUI 3a HiATOTOBKY

00JIiKOBUX JOKYMEHTIB

PeecTpaTtop

KepiBHuk Bigginy YKpIHTEI, mpo €
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Kpumrans Osner OsiekcangpoBuy

Kpuwmirans Osier OnexkcangpoBuy

IOpuenko T.A.



