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1. KanbLieBa curHasisanist B HeIipoHax € HeOOXiMHOO /1Jisl peryJsiLii 6araTbox KIITUHHUX (PYyHKLINA. MexaHi3My, 3a
IIOIIOMOTOI0 SKMX 3MiHM BHYTPIIIHbOKJIITMHHOI KOHLIEHTpAllii i0HIB KaJblil0 Y HEMPOHAX MOXXYTb PETYJIIOBATH Lii
(yHKL{i, B 611bIIOCTI BUNIQAKIB 3a0€3MeYYyI0ThCS 32 JOIIOMOTOI0 HEBEJIMKMX ITPOMIDKHUX YHiIBEpCaJIbHUX 260
crieliani3oBaHMX HEPOHHNUX KaJsbllieBUX ceHCOpHUX 6inkiB (Neuronal Ca2+ Sensor (NCS) proteins). Came 1i 6inku B
[IO/IAJIBIIOMY PEryJI0I0Th aKTUBHICTb €(PEKTOPHUX OiJIKiB, TaKUX SIK KaHa/IY, HAcOoCHu Ta eH3uMU. OCTaHHi
IOCJiIKEHHS OBOASTD, 1O i 6iIKM € BKpall BaKJIMBMMU B Pi3HUX aclleKTaxX HEMPOHHUX AUCPYHKIIH i Mo
reHeTr4Hi myTaii 6ikiB NCS npsiMo BIJIMBAIOTh HA PO3BUTOK HEBPOJIOTIYHMX 3aXBOPIOBAaHb. TaKUM YMHOM,

IleTaJibHe PO3yMiHHS PyHIAMEHTAJIbHUX ACIEKTiB MOJIEKYJISIPHUX i KIITUHHUX MeXaHi3MiB peryssiii epeKkTopis 3a



IOTIOMOT010 HEPOHHUX KaJIbllieBUX CEHCOPHUX OLJIKIB i IX MATOJIOTIYHMX 3MiH € BKpail BAKIMBUM JJIs1 PO3POOKHU
HOBITHIX MigXOZiB [0 JiKyBaHHS Pi3HOMaHITHUX HEPBOBUX 3aXBOPIOBaHb. [IepBMHHA aBTOCOMHO-PELIECUBHA
isospoBaHa aucToHisg (DYT2) € HEBPOJIOTiYHMM 3aXBOPIOBAHHSIM, SIKE IPOSIBIISIETHCS Y BUTJISAi HEKOHTPOJIbOBAHUX
IOCTiMIHMX ab0 MOBTOPIOBAHMX CKOPOUEHHSIX M'a3iB. Taki CKOPOUEHHSI MOXYTb IPU3BOAUTH 10 aHOMAJIbHUX PYXiB
KiHLIiBOK Ta GOJIiCHUX I103 y MAIL[i€HTa, 1[0 HETaTHBHUM YMHOM BIUIMBAE Ha SKIiCTh iX XXUTTs. HemonasHi
IOCJIiIPKEHHS BKa3yIOTh HA 3B'SI30K JAHOTO 3aXBOPIOBAHHS 3 MyTalliSIMU F'€Ha HEMPOHHOTO KaJIbI[i€BOrO CEHCOPHOTO
6inka rinokanpuuHa (HPCA), a came ToukoBumu MicceHc-myTanisimu N75K ta T7IN. 1eit ren Malbke BUKJIIOUHO
€KCIIPECYETLCS Y MO3KY, OCOOJIMBO 3 BUCOKUAM PiBHEM €KCIIpecii y KOpi, CMyracToMy Tijli, MO304KY Ta FilOKaMIIi —
came B TUX MOrO AiISIHKAaX, M0 3MiHIOIOTLCS IPU po3BUTKY AucToHii. HPCA mae Tpu EF nomeHn, mo 35aTHi
npuepHysatu Ca2+. [IpuenHanHnsa Ca2+ 10 UUX JOMEHIB IPU3BOAUTD JO KaJbllil-3a/1€5KHOI KOHGOPMaLiliHOI 3MiHM
6i7Ka, 0 CYMPOBOAXYETLCSI BUXOOM HOro N-TepMiHaIbHOTO KiHLis, KOTPUAM MiCTATD 3aJIMLIOK JXUPHOI KUCJIOTH
MipicToiny, 3 rinpodo6Hoi kumeHi mosekynu. Lle no3Bossie HPCA nepemiinyBaTiCh (TPaHCIOKYBATUCH) 3 IUTO30JII0
i BOYZOBYBaTHCS 32 JOIIOMOTOI0 MipiCTOi/ly 0 BHYTPIIIHBOTO LIapy I1Jla3MaTU4YHOI MeMbpaHu. PaHime 6y1o
[TI0Ka3aHo, L0 caMe L -3ajie’kHa TpaHciokauis HPCA mpusBoguTh [0 rajlbMyBaHHS KOPKOBUX Ta TilTOKaMITIAJIbHUX
HEeWPOHIB 3aBJSKU aKTUBallii CTpyMy MOBiIbHOI nocTrinepnosspusatii (SAHP). MeToto po60oTu 6yj10 BCTAaHOBUTHU
6iodi3nyuHi MexaHi3MU CHUrHai3alli rinoKasbIMHa, 110 KOHTPOJIIOIOTh CTPYM I0BiJIbHOI Tineprosspusaliii, BUSIBUTH
BigMiHHOCTI B 6i0¢i3nYHUX BJIACTUBOCTSX MyTaHTHUX BapiaHTiB T7IN ta N75K 6isika rinokasblyHa Bif
BJIACTMBOCTEM 6iJIKa AMKOTO TUIIY, @ TAKOXK OOYMOBJIEHI LMY Bi]MiHHOCTSIMU [TIOPYLIEHHST MOJIEKYJISIPHUAX
CUTHAJIbHUX MEXaHi3MiB, B poOOTi SIKUX Lieil 6i7IoK 6epe y4acTs. JJoCiI>KeHHS IPOBOAUIIOCh 3 BUKOPUCTAHHIM
reHeTUYHUX, eJleKTpodiziosoriynux Ta pyyopecleHTHUX METOTIB. A 11715 OL[iHKM KOHIIEHTpallil eKCIIPECOBAaHUX B
HeJpOoHax pi3HMUX €eK30r€HHUX BapiaHTiB rinoKasbluHa 6yJI0 po3p006iIeHO HOBITHIO METOIMKY BUMipy KOHILIEHTpallii
IocimKyBaHux (GyyopodopiB, 1110 3aCHOBaHA HAa BUKOPUCTAHHI ONTUYHUX CIIEKTPAJIbHUX XapaKTEPUCTUK
00J1aJHAaHHS Ta BUKOPUCTaHUX (PJIyOpPECLIEHTHUX MITOK i OIIOpPHUX GapBHUKIB 3 BilOMOIO KOHLIEHTpalli€e0. B poboTi
nokasaso, mo mytauis N75K, BusiBseHa npu guctoHii tuny DYT2, npu3BogUThb 4O BTPATU riOKaJbLKHOM HOT0O
(YHKILi, K CEHCOPa iOHiB Kasbliilo Ipy (i3iosI0riuHill HEPOHHIN aKTUBHOCTI. Taknil MyTOBAaHU MiMOKAJIbLMH HE
MO>KE KOHTPOJIIOBATH PO3BUTOK IOBIJIbHOI ITOCTTINEPIIOJISIPU3allii B HEMPOHAX, apKe sl MyTallisl 3MiHI0€
MOJKJIMBOCTI TinokasbiuHa 0o Ca2+-3a1eKH01 TPaHCIO0Kallii i3 IIUTO30J10 40 MJIa3MaTUYHOI MEMOPaHHU.
Tpancnokauis rinokaneiyHa N75K 110 ny1a3aMaTiyHoi MeMOpaHH amikaabHOTO eHPUTa HeMPOHa, SIKUI 6epe y4acTb
B reHepallii CTpyMy HOBiJIbHOI MOCTrinepnosspusaliii, 6ysa IOMiTHO Ta JOCTOBIPHO 3MEHIIEHA [TOPiBHSIHO 3
TiNOKaJbIIMHOM JUKOTO TUIY. Lle 3MEHIIEHHS CYIIPOBOKYBaJOCh HECIIPOMOJKHICTIO MyTaHTHOTO BapiaHTy
rinokasnpiyHa N75K BUKIMKATH CTPYM IOBIIBHOI [IOCTriNepIiossipyaaliii B 10JaTOK 0 TOrO CTPyMYy, 110 6yB
BUKJIMKaHUI TPAHCJIOKAlli€l0 €HOT€HHOTO rNOKaIbLMHA. B TOI yac sIK eKcrpecis rinoKajablHa AUKOTO TUITY
IIPU3BOJMJIA [I0 30ibIIeHHS LbOro cTpyMy. IIpoTe, nana myrauis N75K He BrsiMBae Hi Ha MipicToinoBuit
IepeMuKay, Hi Ha IPOCTOPOBUI PO3IIO/iN BOYOBYBaHHS 6ijIKa [0 MyIa3MaTUYHOI MeMOpaHu. BomgHovac myTarnis
T7IN He NpU3BOAUTH IO 3MiH y TPaHCJIOKALlii rinokanblHa. 3aranom myTanis N75K 3ymoBiIioe mifBulleHy
30yIJIMBICTh HEMPOHIB y BifMIOBiIb Ha CEPil0 MAaYyOK MOTEHLiaiB Aii Ta 0-CTUMYJISLI0, OCKIZIbKYA JaHUN MYTaHT HE
BUKJIMKAE TajIbMiBHI CTPyMU MOBiZIbHOI NOCTTiNEepriongpu3alii. Takum 4MHOM, HACTYIIHI 32 TIAYKOBOIO aKTUBHICTIO
HEeVPOHIB IOCTCUHANTUYHI CTPYMHU Oy[lyTh BUKJIMKATU [IOTEHLiaNu [ii y TAKUX HEIPOHaXx 3 6i/IbIIO iIMOBIpHICTIO,

110 MOXe OyTH MEXaHi3MOM PYXOBHUX PO3JIaZiB, SIKi CIOCTEPIraloThCsl IpU NEPBUHHIN AUCTOHII Ty 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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