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Pedepar:
1. KanblieBa curHasisanist B HEIpOHaxX € HEOOXiNHOIO 1J1 PeryJsiLii 6araTbox KJIITUHHUX (PYHKLINA. MexaHi3my, 3a

IIOIIOMOTOI0 AKMX 3MiHM BHYTPIIIHbOKJIITMHHOI KOHLIEHTpAllii i0HIB Kajbliil0 Y HEMPOHAX MOXXYTb PETyJIIOBaTH Lii

dyHK1l, B 6i1b1I0CTI BUNIAAKIB 3206€3I1€YYI0ThCS 32 JOIIOMOT0I0 HEBEJIMKUX ITPOMIDKHUX YHiIBepCalbHUX 260

CcIlelliasi3oBaHUX HEPOHHUX KaJbllieBUX ceHCopHUx 6isikiB (Neuronal Ca2+ Sensor (NCS) proteins). Came 1 6isku B

INooaJIbIIOMYy PETYIIIOI0TH aKTUBHICTh e(l)eKTOpHI/IX 6iJ'IKiB, TAaKHUX K KaHaJIi, HACOCHU Ta €EH3MMMU. OcranHi



IOCJIIKeHHS TOBOASTh, IO Li 6iNKM € BKpal BasKJIMBUMU B Pi3HUX acIlleKTax HEHPOHHUX AUCOYHKIIH i Mo
reHeTHU4Hi myTauii 6iskiB NCS rpsimo BIIJIMBalOTh HA PO3BUTOK HEBPOJIOTIYHUX 3aXBOPIOBaHb. TakKiM YMHOM,
IleTajibHe PO3yMiHHS PYHIAMEHTAJIbHUX ACIEKTiB MOJIEKYJISIPHUX i KIITUHHUX MEXaHi3MiB peryssiiii epeKkTopis 3a
IOTIOMOTOI0 HEPOHHUX KaJbLIieBUX CEHCOPHUX O1JIKIB i X 1aTOJIOTYHUX 3MiH € BKpail BOXXJIMBUM [1J151 PO3POOKU
HOBITHIX IiAXOZiB [0 JiKyBaHHS Pi3HOMaHITHUX HEPBOBUX 3aXBOPIOBaHb. [IepBMHHA aBTOCOMHO-PELIECUBHA
isospoBaHa aucToHis (DYT2) € HEBPOJIOTiYHMM 3aXBOPIOBAHHSIM, SIKe IPOSIBJISIETHCS Y BUTJISAi HEKOHTPOJIbOBAHUX
IIOCTiMiHMX ab0 OBTOPIOBAHMX CKOPOUEHHSIX M'a3iB. Taki CKOpOU€HHSI MOXYTb IPU3BOAUTH 10 aHOMAJIbHUX PyXiB
KiHIIiBOK Ta 6OJIiCHUX I103 y MAL[iEHTA, 1[0 HETAaTUBHUM YMHOM BIUIMBAE Ha SKIiCTh iX XUTTs. HemopasHi
IOCIIiIPKEHHS BKAa3yIOTh Ha 3B'S130K JAHOTO 3aXBOPIOBAHHS 3 MyTalliSIMU Fr'eHa HEMPOHHOTO KaJIbl[i€BOrO CEHCOPHOTO
6inka rinokanbuuHa (HPCA), a came ToukoBumu MicceHc-myTanisimu N75K ta T7IN. 1eit reH maiibke BUKJIIOUHO
€KCIIPECYETLCS Y MO3KY, OCOOJIMBO 3 BUCOKUAM PiBHEM €KCIIpecii y KOpi, CMyracTomy Tijli, MO304KY Ta FilOKaMIIi —
caMme B TUX MOr0 OUJISIHKAX, 10 3MIHIOIOTHCS ITpU po3BUTKY nucToHii. HPCA mae tpu EF nomenu, mo 3naTHi
npuenHysatu Ca2+. [IpuenHanusa Ca2+ 10 IUX AOMEHIB IPU3BOAUTD JO KaJlbllil-3a/1€5KHOI KOHGOPpMaLiliHOI 3MiHN
6in1Ka, 110 CYIPOBOJAKYETLCSI BUXOIOM H1Or0 N-TepMiHaIbHOTO KiHLis, KOTPUM MiCTATh 3aJIMLIOK JXUPHOi KUCJIOTH
MipicToiny, 3 rinpodo6Hoi kumeHi mosnekynu. Lle no3Bossie HPCA nepemimnyBaTiCh (TPAHCIOKYBATHUCH) 3 IIUTO30JII0
i BOYZOBYBaTHCS 32 IOIIOMOTOI0 MipiCTOi/Iy O BHYTPIIIHBOTO LIapy I1JIa3MaTU4YHOI MeM6paHu. PaHime 6y1o
[TIOKA3aHO, L0 caMe L1 -3ajie’kHa TpaHcokalis HPCA mpusBoguTh 40 rajbMyBaHHS KOPKOBUX Ta TiITOKAMITAJIBHUX
HEVPOHIB 3aBSKM aKTUBALii CTpyMy MOBiBbHOI NocTrinepnosgpusatii (SAHP). MeToto po60oTu 6yj10 BCTAaHOBUTHU
6iodisnyHi MexaHi3MU CUrHai3alii rinoKasbIMHa, 10 KOHTPOJIIOIOTh CTPYM IOBiJIBHOI Tinepriossipusalii, BUSIBUTH
BigMiHHOCTI B 6i0Qi3nyHUX BJIACTUBOCTSAX MyTaHTHUX BapiaHTiB T7IN ta N75K 6isika rinokasblyHa Bin
BJIACTMBOCTEM 6iJIKa AMKOTO TUITY, @ TAKOXK OOYMOBJIEHI LIMMU Bi]MiHHOCTSIMU [TOPYILIEHHS] MOJIEKYJISIPHUAX
CUTHAJIbHUX MEXaHi3MiB, B poOOTi SIKUX Lieil 6ifIoK 6epe y4acTs. JJoCliIKeHHS IPOBOAUIOCh 3 BUKOPUCTAHHIM
reHeTUYHUX, esleKTpodiziosnoriynux Ta GyopeceHTHUX METOTIB. A 171 OL[iHKM KOHIIEHTpallil eKCIIPECOBaHUX B
HelpoHax pi3HMX €K30r€HHUX BapiaHTiB rinoKasbluHa 6yJjI0 po3p0o6sieHO HOBITHIO METOIMKY BUMipy KOHLIEHTpallii
IOCHiIKYBaHUX (PyopodopiB, 110 3aCHOBaHA Ha BUKOPUCTAHHI ONITUYHUX CIIEKTPAJIbHUX XapaKTEPUCTUK
006J1aIHaHHS T BUKOPUCTAHUX (PJIyOPECLEHTHUX MITOK i OITOPHUX GAPBHUKIB 3 BiJOMOIO KOHLIeHTpali€et. B po6oTi
nokasaHo, mo mytauis N75K, BusiBsieHa npu guctoHii tuny DYT2, npu3BogUTb 4O BTPATU riOKaJbLKHOM HOT0
(dYHKIi, K ceHcopa iOHiB KaJbliito Ipy ¢i3iosoriuHill HeIPOHHIN aKTUBHOCTI. Taknil MyTOBaHUA MiMOKAJIbLMH He
MO’K€ KOHTPOJIIOBATH PO3BUTOK MOBUILHOI TOCTTiNEPIIOApU3allii B HepOHax, afiKe L MyTallisd 3MiHIoe
MOSKJIMBOCTI rinmokasnbiiraa mo Ca2+-3aJ1e5KHOi TPAaHCIOKAIlii i3 IUTO30J110 10 TIJIa3MaTUYHOI MEMOPaHU.
Tpancyokauis rinokansuuHa N75K 1o niasmMaTnyHoi MeMOpaHy amnikajbHOTO IEeHIpUTa HEMPOHA, KUl 6epe yyacTb
B reHepallii CTpyMy NOBiJIbHOI [TOCTriNeproJisipy3aliii, 6ysa NoMiTHO Ta OCTOBIPHO 3MEHIIEHA IIOPIBHSHO 3
TiMOKaJIbIIMHOM JUKOTO TUNY. Lle 3MeHIIeHHS CYIIPOBOKYBaJIOCh HECIIPOMO>KHICTIO MYTaHTHOTO BapiaHTy
rinokasnpiyHa N75K BUKIMKATH CTPYM IOBLIBHOI [TOCTriNepIiosspuaaliii B 10JaTOK 10 TOTO CTPyMY, 110 OYyB
BUKJIMKaHUI TPAHCJIOKalli€l0 eHJOT€HHOTO IiNOKalbLMHA. B TOI yac sIK eKCIpecis rinoKasbliHa AUKOTO TUITY
IIpU3BOAMJIA [I0 30i/bIIEeHHS LbOro cTpyMy. IIpoTe, nana mytatis N75K He BIsiMBae Hi Ha MipicToinoBuit
IepeMuKad, Hi Ha IPOCTOPOBUI PO3IIO/Ai BOYIOBYBaHHS 6ijIKa 10 MyIa3MaTUYHOI MeMOpaHu. BomHovac myTaris
T7IN He NpU3BOAUTH IO 3MiH y TPaHCJIOKaLlii rinokanslHa. 3aranom myTanis N75K 3ymoBiIioe HmifBulleHy
30y[IMBICTb HEMPOHIB y BiATIOBiNb HA CEPIil0 NAYOK MOTEHLIaMiB [ii Ta 0-CTUMYJIALIIO0, OCKIIBKY JAaHUI MyTaHT HE
BUKJIMKA€E rajibMiBHI CTPYMU IOBLILHOI NOCTTiNEpnoigapu3anii. TakuM 4MHOM, HACTYIIHI 3a IaYKOBOIO aKTUBHICTIO
HEeVPOHIB IOCTCUHANITUYHI CTPYMHU OyIyTh BUKJIMKATU [TOTEHLiaNu [ii y TaKUX HEIPOHax 3 Gi/IbIIO iMOBIpHICTIO,

110 MOXe OyT ME€XaHi3MOM PYXOBHUX PO3J1aZiB, SIKi CIOCTEPIraloThCsl IPU NEPBUHHIN aucTOHIi Tuny DYT2.

2. Calcium (Ca2+) signaling plays an essential role in neuronal activity and regulation. Any disruption in this
signaling can lead to neurological issues, ranging from minor disorders to severe diseases. The process of
interpreting and converting Ca2+ signals into internal neuronal regulation is managed by various systems,
including neuronal Ca2+ sensor proteins (NCS), which are key players in this process. The operation of these
sensor proteins and their interactions with other systems can be complex, making it challenging to detect
dysfunctions, let alone repair them. A deeper understanding of the molecular and cellular mechanisms underlying



this proteins operation is essential to address these challenges and advance our ability to manage neurological
disorders. Primary autosomal-recessive dystonia (DYT2) is a neurological movement disorder syndrome that
results in sustained or repetitive muscle contractions. Such contractions cause twisting and repetitive movements
or abnormal painful postures, negatively affecting the quality of life. Recent publications demonstrate the
connection between this condition and mutations in the gene of neuronal calcium sensor protein hippocalcin
(HPCA), namely missense mutations N75K and T7IN. The gene is almost exclusively expressed in the brain with
high level of expression in the cortex, striatum, cerebellum and hippocampus, i.e. in brain areas revealing
abnormalities in dystonia. HPCA contains three EF-hand domains capable of binding Ca2+. The binding results in a
Ca2+-myristoyl switch, a Ca2+-dependent conformation change leading to protrusion of its myristoyl-containing
N-terminal region out of a hydrophobic pocket of the molecule. This allows HPCA to translocate from the cytosol
to the plasma membrane. It is established that this Ca2+-dependent translocation of HPCA leads to inhibition of
cortical and hippocampal neurons by gating a slow afterhyperpolarization (sAHP) current. The research aimed to
find differences in biophysical properties of mutant variants N75K and T7IN of the hippocalcin protein compared
with a wild-type variant and resulting alterations in the function of molecular signaling to which this protein
contributes. The research was conducted with the use of genetic, electrophysiological, and fluorescent methods. A
special technique was developed to estimate the concentration of the expressed variants of hippocalcin with an
attached fluorescent tags. The technique is based on the calculations involving optical spectral properties of the
equipment and used fluorophores as well as other fluorescent dyes that served as references with known
concentrations. This research demonstrates that mutation N75K, which was associated with dystonia DYT2, causes
HPCA to lose its functions as a calcium ion sensor under conditions of physiological neural activity. Due to the
altered capability of the mutated hippocalcin to perform Ca2+-dependent translocation to the plasma membrane,
this variant of hippocalcin is unable to control slow after-hyperpolarization in neurons. Translocation of the N75K
hippocalcin mutant to the plasma membrane of neuronal apical dendrites that is responsible for the generation of
a sAHP current was severely reduced compared to the wild-type hippocalcin variant. This reduction led to the
inability of the mutated hippocalcin variant N75K to generate additional SAHP current to one generated by the
translocation of the endogenic wild-type hippocalcin. In contrast, the expression of wild-type hippocalcin caused
that current to rise. Yet this mutation N75K does not affect the myristoyl switch, nor the spatial distribution of the
hippocalcin binding to plasma membrane. Mutated hippocalcin variant T7IN did not exhibit any significant changes
in the translocation. In general, the hippocalcin mutation N75K causes increased neuronal excitability due to
reduced sAHP and its inhibition effect in response to a series of action potentials bursts and o-stimulation. It
follows that the postsynaptic currents which occur subsequent to the action potential burst possess an increased
likelihood of inducing further action potentials in the affected neurons. This phenomenon may serve as the
fundamental cause of the motor symptoms observed in the dystonia DYT2 movement disorder.
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