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Pedepar:

1. loBroTprBasa CUHANTAYHA IVIACTUYHICTD € (i3i0/0riYHMM NiAIPYHTSIM IPOLIECIB 3aM1aM’STOBYBAHHS, HAOYTTSI
HAaBMYOK i (GOpMyBaHHS AOCBiTy. OOHMM 3 OCHOBHUMX Pi3HOBHUJIB TOBrOTPUBAJIO] [IJIACTUYHOCTI B IJIyTaMaTePrivHUX
cuHaricax € NMDA-peLenTop 3ajyiexkHa JOBrOTpUBaja CuHanTuyHa jenpecis (long-term depression /LTD). B ocHOBi
po3Butky LTD e TpuBase 3MeHIIEHHS KiJIbKOCTI riiyTaMaTHUX AMPA-pelennTopiB Ha MeMOpaHi IOCTCUHANITUYHOTO
HeNpOHa, 1110 NPU3BOJUTD 0 3HWKEHHS 3JaTHOCTi OKPEMUX CHHAIICIB IlepefaBaTy 30y uBi curHanu. [llupoko
BiZomo, mo po3BuToK LTD BinOyBaeThCs y BiANOBins HA TPUBaJy, ajle HU3bKOYAaCTOTHY, aKTUBAL{I0 CUHAIICIB i
BTOPVMHHMM I[TOCEPENHUKOM B IIbOMY IIPOLEC] BUCTYIAIOTh i0HM CaZ+ sKi Ha II0YaTKOBUX eTamnax ingykuii LTD
HAJXOOATh Yepe3 aKTUuBOBaHi riyramatHi NMDA-penenrtopu. ITogansiii curHanbHi Kackay NPOBOKYIOTh
nuconjaniio AMPA-penienTopiB 3 AijITHKM IOCTCUHANITUYHOI LIiIILHOCTI Ta iX BUJIy4YeHHS 3 T71a3MaTUYHOI MeMOpaHu
IeHIIpYTA IUISIXOM KJIaTPUH-OIlocepeaKoBaHOro enpouuToay (clathrin-mediated endocytosis /CME). OgHak TO4Hi



MeXaHi3MH 110 3a6e3neuyioTs CaZ+-3aeXHicTb i okanizauito CME B mponeci ingykuii LTD 3anumanuce
MasioBMBYeHUMU. HasBHI nocinkeHHs BUCyBany HepoHHU Ca2+-CeHCOPHUI 6iJIOK rinoKabIuH

(hippocalcin /HPCA) Ha posib oTeH1IiiHOi curHanbHOi 1anku B iHayKuii LTD. Ocobausicts HPCA nosnsirae B
HasIBHOCTI MiPUCTHUJIBHOTO [IEPEMUKAYA, 3INLIKY )KUPHOI KMCJIOTU HAa N-KiHLi 6ijIKa, 1[0 BUBLIBHSIETHCS 3
rizpodo6HOI KUIIEHbKU MOJIEKYJIN MicJs 3B's13yBaHHs 3 Ca2+. Lle o6ymoBsoe 3patHicts HPCA 1o Ca2+-3a1exXHoro
Ta 060POTHOTO BOYZOBYBAaHHS 1O JiNiAHUX MeMOpaH. 3rinHo 3 nonepeHimu gocuaimkeHHsamu, HPCA 3abe3nedye
Ca2+-3ase>xxHe OCTaBJIEHHS JI0 I0BEPXHiI MeMOpaH KOMILJIEKCY aJlallTepHUX OiJIKiB 2, 110 B3aemogie 3 AMPA-
peuentopamu Ta iHinitoe CME. OfiHaK Li JOCIiIPKEHHS I'PYHTYBJINCh BUKJIIOYHO HA 0i0XiMIYHUX, IMyHOJIOTIYHUX Ha
HETIPSIMUX eJIeKTpo(i3iosIoriyHuX MeToax, 6e3 IPSMOro CIIOCTEPESKEeHHS 3a AOCiI)KyBaHUMU 6iJIkaMU B ITpoLieci
ingykuii LTD. Tomy MeTOI0 UcepTaLifiHOro AOCiIyKeHHs 6ys10 Bu3HauuTy yyacTb HPCA B npoueci iHgyKuii
NMDA-peunenTop 3anexxHoi LTD 3 BUKOpUCTaHHSIM METOiB (bJIyOPECLIEHTHOTO MideHHS OiJIKiB i (py1yOopecL,eHTHO]
Bisyasisaii ix nepeminieHs i B3aemogiil y )kuBux KiituHax. [lyig ¢papmakosoriynoi ingykuii NMDA-penenTtop
3asiexxHoi LTD B nepBUHHIN Ky/bTypi HEMPOHIB rinokamna 6ysi0 po3po6JieHo Ta BajliloBaHO HOBY METOAMKY
TPUBAJIMX JIOKAJIbHUX i0HO(OpeTUYHUX NIpuKIagaHb NMDA. HoBuii niaxiz g03BOIUB rHY4KO Ta €(PEKTUBHO
mogemoBaty LTD y nooguHOKuX HepoHax. MOXIIMBICTb 3aCTOCOBYBATH i0HOMOPE3 17151 TPUBAIMX NIPUKJIALAHb
OyIb-SIKMX MOJISIPHUX BOLOPO3YMHHUX PEYOBUH B IIMPOKOMY CIEKTPi €KCIIEPUMEHTAJIbHUX MiJIXO/1iB POOUTh
CTBOPEHUI METOJ, IEPCIIEKTUBHOIO aJIbTEPHATHUBOIO OOPOOKM BCiX KJIITHH B 3pa3Ky PO3UMHOM i3
(dapmaxosioriynumu npenaparamu (bath-application). ¥ nociigax i3 BUKOpUCTaHHSIM (PJIyOPECL,EHTHOI MiTKA
IIOCTCUHANTWYHOI mWinbHOCTI (PSD95) 6ys10 oLiiHeHO NPOCTOPOBi XapakTepucTukam Ca2+-3aj1e’KHOro
nepeposnoginy HPCA B neHIpuTHOMY €peBi Y BinoBiab Ha akTuBanito NMDA-penenTopis. BussieHo, mo perionn
BOynoByBaHHsI HPCA € reTeporeHHMMH B3[10BX BCbOTO JE€HJPUTHOTO JlepeBa Ta CIIOCTEPIraeThCsi 3HaYHE
HakonuueHHs HPCA B IieHApUTHUX IUIMKaX. BaxkyinBo 3ayBaskuTH, 10 BOyayBaHHSI HPCA B MexXax IeHIPUTHUX
HIATIMKIB CIIOCTEPITraJvCh BUKJIIOYHO B PETIOHAX, [0 OTOYYBAJIU IOCTCUHANTUYHY 1iJIbHICTh. BUsiBeHi perionn
MTOMOP(QOJIOTIYHO Bif[IOBialI0Th 30HaM €HJIOLMTO3Y, perioHam 110 3a6e311e4yi0Th aKTUBHE BUJIYUYEHHS
CHHAIITUYHUX peuenTopis. [loganpii IpsaMi CIIOCTEPEKEHHS 3a B3AEMHOIO JIOKali3alii€elo Ta NOTEHLINHOI0
B3aemogiero Mk HPCA Ta 0-cy60quHULEI0 KOMILJIEKCY afanTepHUX 6iskiB 2 (AP2B1) SIK y KOHTPOJIbHUX YMOBAX, TaK i
npoueci iHpykuii LTD 6ynu nposeneHi 3 BUKOPUCTAHHSIM IiAXOIB 1J1s NeTeKTyBaHHS PbOpPCTEPOBCHKOTO
pesoHaHcHoro nepeHeceHHs eHeprii (FRET). B cTpyKTypi fieHIpUTHUX MUNKKIB 0ys10 BUsBIeHO 3Hauyuli piBHi FRET
1o novatky ingykuii LTD. HaTomicTb y Bianosiap Ha npotokost inaykuii LTD 36inbueHHs piBHiB FRET
CIIOCTEPIrasioch sK B I€HIPUTHUX MIMINKAX, TAK i 3HAYHUX [iISHKaX B3J0BX CTOBOYPY JE€HIPUTA, a 10 3aBEPIIEHHIO
nporokosy BenndrHa FRET He jeMOHCTpyBasa IOBEPHEHHS [0 [1I0YaTKOBUX 3HAY€Hb. Lle € BaroMUMU CBiTYEHHSIMU
mono B3aemopii mbx HPCA ta AP2BI, sika MO>ke 0OyMOBJIIOBATU SIK KOHCTUTYTUBHUI TPaQiK PeLenTopiB B 30HaxX
€HJIOLMTO3Yy AEHIPUTHUX IIUIIMKIB, Tak i HEOOOPOTHE 36iblIeHHS PiBHA eHouuTo3y AMPA-penentopis Ha cTazmisx
iHpykuii ta nigrpumanssa LTD.

2. Long-term synaptic plasticity is the physiological basis for memory, skill acquisition, and experience formation.
One of the main types of long-term plasticity in glutamatergic synapses is NMDA receptor-dependent long-term
depression (LTD). The induction of LTD is based on a prolonged decrease in the number of AMPA receptors on the
postsynaptic membrane, which leads to a decrease in the possibility of individual synapses transmitting excitatory
signals. LTD is well characterised as developing in response to prolonged low-frequency synaptic stimulation,
during which an influx of Ca2+ through activated NMDA receptors in the early induction phase serves as a key
secondary messenger in the signalling cascade. Further signalling pathways trigger the dissociation of AMPA
receptors from the postsynaptic density and their removal from the dendrite plasma membrane by clathrin-
mediated endocytosis (CME). However, the exact mechanisms that ensure Ca2+ dependence and CME localisation
in the process of LTD induction remain poorly described. Recent studies have suggested that the neuronal Ca2+-
sensor protein hippocalcin (HPCA) plays a role as a potential signalling link in LTD induction. The distinctive
feature of HPCA is the presence of a myristoyl switch: the fatty acid residue at the N-terminus of the protein that
protrudes from the molecule's hydrophobic pocket after Ca2+ binding. This defines HPCA's capacity for reversible,
calcium-dependent insertion into lipid membranes. According to the previous studies, HPCA acts as a Ca2+-



dependent shuttle to the plasma membrane surface for the adapter protein complex 2, which interacts with AMPA
receptors and initiates CME. However, these studies were based exclusively on biochemical, immunological, and
indirect electrophysiological methods, without directly observing HPCA signalling during LTD induction.
Therefore, the dissertation research aimed to investigate the involvement of HPCA in the induction of NMDA
receptor-dependent LTD using live-cell fluorescence imaging approaches to capture dynamic molecular
interactions. A new method of prolonged local iontophoretic application of NMDA was developed and validated for
the pharmacological induction of NMDA receptor-dependent long-term depression (LTD) in cultured hippocampal
neurons. This new approach enables flexible and effective modelling of LTD in individual neurons. The protocol
developed for prolonged iontophoretic applications can be used with any water-soluble ionic compound and is an
effective alternative to the bath-application technique in a wide range of experimental designs. Experiments
involving a fluorescent marker of postsynaptic density (PSD95) were conducted to evaluate the spatial
characteristics of Ca2+-dependent HPCA redistribution in the dendritic tree in response to NMDA receptor
activation. The results indicated that sites of HPCA insertion in the plasma membrane are heterogeneous along the
dendritic tree, with a significant accumulation of HPCA observed in dendritic spines. Notably, HPCA insertions
within dendritic spines were exclusively observed in the direct vicinity of the postsynaptic density. These regions
cytomorphologically correspond to endocytosis zones, regions of active synaptic receptors' endocytosis. Further
direct observations were conducted using Forster resonance energy transfer (FRET) approaches to investigate the
mutual localisation and potential interaction between HPCA and the o-subunit of the adapter protein complex 2
(AP2BI) in both control and during induction of the LTD. Significant levels of FRET were detected in the dendritic
spines in the control before the LTD induction. Concurrently, LTD induction protocol triggered an elevation in
FRET signals observed both within dendritic spines and across prominent regions along the dendritic shaft. Upon
completion of the protocol, the FRET values did not return to their initial value, indicating the prolonged HPCA and
AP2Bl interaction. Overall our results demonstrate an interaction between HPCA and AP2B1, which may underlie
HPCA involvement in both the constitutive AMPA receptor trafficking in the endocytic zones of dendritic spines
and Ca2+-dependent AMPA receptor endocytosis in different dendritic tree regions during the induction and
maintenance of LTD.
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