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JloBrorpuBana CMHaNTUYHA TUIACTUYHICTD € (P1310JI0TTYHUM TIATIPYHTSIM IIPOIIe-
CIB 3amaM’SITOBYBaHHS, HAOYTTs HaBUYOK 1 popMyBaHHS 10CBiAYy. OJHUM 3 OCHOB-
HUX P13HOBU/IIB IOBFOTPUBAJIOI IJTACTUYHOCTI B IIIyTaMatepriyHux cuHamncax € NMDA -
peLenTop 3aj1exHa J0BroTpusaia cuHantuyHa genpecis (long-term depression/LTD).
B ocnoBi possutky LTD € TpuBane 3MeHIeHHs: KuibkocTi TimyramatHux AMPA-
perenTopiB Ha MeMOpaHi MOCTCHHANITUYHOTO HEWPOHa, 0 MPU3BOIUTH 10 3HUKE-
HHS 3/IaTHOCTI OKPEMUX CHHAICIB nepefaBaTu 30yanuBi curnanu. llupoko Bino-
Mo, 110 po3BuTOK LTD BigOyBaeThbcs y BIANOBIIp HAa TPUBATY, aje HU3bKOYACTO-
THY, aKTHBAlLlll0 CUHATCIB 1 BTOPUHHHUM IMOCEPEAHUKOM B I[bOMY IPOIIEC] BUCTYMa-
10Th i0HH C'a’T sKi Ha MOYATKOBUX €Tarax iHaykmii LTD Hagxonats yepe3 akTu-
BoBaHi rimyramatHi NMDA -penentopu. [loganbini curaanbHi KackaJid MPOBOKYIOTh
muconianiro AMPA-penenTopiB 3 JUISTHKYA TOCTCUHANITUYHOI IIUIBHOCTI T X BHITY-
YeHHS 3 MJIa3MaTHYHOT MEMOpaHu JACHIIPUTA HUISIXOM KJIaTPUH-OIOCEPEIKOBAHOTO
engonuTosy (clathrin-mediated
endocytosis/CME). Ofnak TouHi MexaHi3Mu 110 3a0e3neuyrots Ca’-3anexHicTs i
nokanizaiiro CME B mporiect inaykiii LTD 3anumanucek mamoBuBdeHuMu. HasBHi
nocIiKeHHs BUcyBanu Heliponuuii C'a’’ -ceHcopHuii 610K TiMOKANBIUH
(hippocalcin/HPCA) Ha poJib IOTEHLIMHOI CUTHANBHOI JJaHKH B 1HAYKIT LTD. Oco-
onmuBictb HPCA nonsirae B HasiBHOCTI MIpUCTHIJIBHOTO TMEpEMUKAYa, 3aJIUIIKY KUP-
HO1 KuCA0TH Ha N-KiHII1 O1JIKa, 1110 BUBUIBHAETHCSA 3 T1IpOPOOHOT KUIIIEHBKU MOJIEKY-

v micns 38’ s3yBannd 3 C'a® ™. Lle o6ymosimoe 3gathicts HPCA 1o Ca®*-3anexuoro



Ta 000POTHOI0 BOYIOBYBaHHSI JI0 JIIIIHUX MeMOpaH. 3T1JIHO 3 MOMEePEAHIMHU JOCITi-
mxennsmu, HPCA 3a0e3mneuye Ca*t-3anexue M0CTaBJICHHS 10 MOBEPXHI MeMOpaH
KOMIUIEKCY ailanTepHux OiKiB 2, 1o B3aemoaie 3 AMPA-penientopamu Ta iHiitoe
CME. Oxnax 1i A0CTIIKeHHS IPYHTYBAJIMCh BUKIIOYHO Ha 610XIMIYHUX, IMYHOJIOT1-
YHUX Ha HEMPSIMUX €NEeKTPOP1310J0TTHHUX METO/1axX, 0€3 MPSIMOro CIIOCTEPEKEHHS 3a
JOCIIKyBaHUMH OinkamMu B miporieci iHaykiii LTD. Tomy meToro qucepTaiiiiHoro
nociimkenns 0yino BuzHauuTu ydactb HPCA B miporieci inaykitii NMDA-penientop
3aniexkHoi LTD 3 BUKOpUCTaHHSIM METO/1IB (PIIyOpECIIEHTHOTO MideHHSs OUIKIB 1 (hiy-

g ¢papmaxonoriunoi iHaykiii NMDA-penentop 3anexuoi LTD B nepBunHii
KyJbTYp1 HEHPOHIB rirokamiia 6yJio po3po0aeHo Ta BajliJOBAHO HOBY METOJIUKY TPH-
BaJIMX JIOKAIbHUX 10HOQopeTnuHux npukiaganb NMDA. HoBuii miaxia 103BOIUB
rHydko Ta edextuBHO mMonentoBatu LTD y mooanHokux HeitpoHax. MOXIHBICTD
3aCTOCOBYBATH 10HO(OPE3 IS TPUBAIUX MPUKIIATAHb OYAb-SIKUX MOJSIPHUX BOJIO-
PO3YMHHHUX PEYOBHH B HMIUPOKOMY CIHEKTPl €KCIIEPUMEHTATBHUX IiIXO0JIB POOUTH
CTBOPEHHUN METO]] MEePCIEKTUBHOIO AIbTEPHATUBOIO OOPOOKHU BCIX KIIITHUH B 3pa3Ky
po34YMHOM 13 papMakosoriyHuMU npenapatamu (bath-application).

VY nociigax 13 BAKOPUCTAHHAM (PIIyOPECHEHTHOI MITKM MOCTCUHANTUYHOT II1JTb-
Hocti (PSD95) 6y10 ouineHo nmpoctoposi xapakrepuctrkam Ca?t-3a1esxHoro mepe-
posnoaity HPCA B nennpuTHOMY JiepeBi y BIAMIOBiAL Ha akTuBaIlito NMDA-penentopis.
Busisneno, mo perionu BOynoByBanHs HPCA € rereporeHHHMME B370BX BCbOTO JICH-
JIPUTHOTO JepeBa Ta crioctepiraerhes 3HauHe HakonmueHHss HPCA B neHapuTHuX
munukax. BaxinBo 3ayBaxkutu, 1110 BOyayBanas HPCA B Mexxax JEHIPUTHUX IIH-
MUKIB CIIOCTEPIrajiuCh BUKIIIOYHO B PET10HAX, 1[0 OTOUYBaJIN NOCTCUHANITUYHY LI1Tb-
HicTh. BusiBieH1 perionn HuToMop@oa0riyHO BiANOBIAAIOTH 30HAM €HIOLUTO3Y, pPe-
rioHaM 110 3a0e3MeUy0Th aKTUBHE BUIYUYEHHSI CHHANITUYHUX peuenTtopis. [logans-
I TIPSIMI CTIOCTEPEIKEHHS 32 B3aEMHOIO JIOKATI3AIIIEI0 Ta TIOTSHIIIHHOIO B3aEMOIIEIO
Mmik HPCA Tta [-cy6oauHuIiero KoMIuiekcy agantepaux oiikie 2 (AP2B1) sk y koH-

TPOJIbHUX YMOBAaX, Tak 1 mpotueci iHaykuii LTD Oynau npoBeaeH1 3 BAKOPUCTAHHAM



M1XO/IIB JJIsl IETEKTyBaHHS PbOPCTEPOBCHKOTO PE30HAHCHOTO NEPEHECEHHS €HEP-
rii (FRET). B cTpykTyp1 I€HIpUTHUX IIUIIKKIB Oys10 BUABIEHO 3HauyIi piBHI FRET
1o movatky iHAyKIiii LTD. HatomicTs y BimoB1Ab HA MpOoTOKOJ 1HAYKIT LTD 301116-
menHs piBHIB FRET crnoctepiranoch sik B ICHAPUTHUX IIUMUKAX, TaK 1 3HAYHUX JTi-
JISTHKaxX B3J0BK CTOBOYpY JIEHIPUTA, a MO 3aBeplleHHIo TpoTokoy BennunHa FRET
HE JEMOHCTpYyBaJia MMOBEPHEHHsI 10 MOYATKOBUX 3HaueHb. Lle € Baromumu cBigue-
HHAMU 11010 B3aemoii mixk HPCA ta AP2B1, sxa Moxxe 00yMOBIIIOBAaTH K KOH-
CTUTYTUBHUU TpadiK PEHENTOPIB B 30HAX CHAOLMTO3Y JSHAPUTHUX IIMIUKIB, TAK 1
HEO0OOpOTHE 30UIbIIEHHS PiBHA eH10unT03y AMPA -penienTopiB Ha cTaaisX iIHAYKIIi

ta miarpumanns LTD.
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SUMMARY

B. Olifirov. Hippocalcin involvement in NMDA receptor-dependent long-term

synaptic depression — Qualification scientific work as a manuscript.

Thesis for the degree of Doctor of Philosophy in the field of knowledge 09 — Biol-
ogy, speciality 091 — Biology. Bogomoletz Institute of Physiology of NAS of Ukraine,
Kyiv, 2025.

Long-term synaptic plasticity is the physiological basis for memory, skill acqui-
sition, 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 re-
ceptors on the postsynaptic membrane, which leads to a decrease in the possibility of
individual synapses transmitting excitatory signals. LTD is well characterised as de-
veloping in response to prolonged low-frequency synaptic stimulation, during which
an influx of Ca®* 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 endocy-
tosis (CME). However, the exact mechanisms that ensure Ca** dependence and CME
localisation in the process of LTD induction remain poorly described. Recent studies
have suggested that the neuronal C'a?"-sensor protein hippocalcin (HPCA) plays a
role as a potential signalling link in LTD induction. The distinctive feature of HPCA
1s 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 Ca>* binding.
This defines HPCA’s capacity for reversible, calcium-dependent insertion into lipid
membranes. According to the previous studies, HPCA acts as a C'a*"-dependent shut-
tle to the plasma membrane surface for the adapter protein complex 2, which interacts

with AMPA receptors and initiates CME. However, these studies were based exclu-



sively 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 devel-
oped and validated for the pharmacological induction of NMDA receptor-dependent
long-term depression (LTD) in cultured hippocampal neurons. This new approach en-
ables flexible and effective modelling of LTD in individual neurons. The protocol de-
veloped 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 C'a?*-dependent HPCA redistri-
bution in the dendritic tree in response to NMDA receptor activation. The results indi-
cated 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 -subunit of the adapter protein complex 2 (AP2B1) 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 den-
dritic 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 AP2BI1 interaction. Overall our results demonstrate an inter-



action between HPCA and AP2B1, which may underlie HPCA involvement in both
the constitutive AMPA receptor trafficking in the endocytic zones of dendritic spines
and C'a*"-dependent AMPA receptor endocytosis in different dendritic tree regions

during the induction and maintenance of LTD.

Keywords: Brain, hippocampus, memory, long-term plasticity, excitability, synap-
tic transmission, glutamate receptors, receptor trafficking, calcium signalling, hip-
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