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1. Ekcripecist Ta IpOCTOPOBUIA PO3IIOAiT HEHPOHHOTO KaJlbIiEBOTO CEHCOPHOTrO 6ijKa TiloKaibIUHY B CyOKIITUHHUX

KOMIIapTMEHTax.

2. Expression and Spatial Distribution of the Neuronal Calcium Sensor Protein Hippocalcin in Subcellular
Compartments

Pedepar:

1. TunnokanpuyH — HeHpoHHbIN Ca2+-ceHcopHbIN 6es10K (NCS), KOTOPBIY OOCpenyeT BHYTPUKIIETOYHBIE
CHTHaJIbHbIE IIyTH 6J1arofapsi CBoel crioco6HoCTU K Ca2+-3aBUCHUMOIL 22 TpaHCIOKAUY M3 LIUTO30J15 Ha
I71a3MaTUYeCKyo MeMbpaHy. HecMOTps Ha TO, 4YTO NOIOOHAS TPAHCJIOKALMSI TUIIIIOKAJIbIIMHA U Apyrux NCS-6esKoB
JOCTAaTOYHO XOPOUIO U3y4E€HA, HUKAKMX KOJIMYECTBEHHBIX OLIEHOK PACIIPEEJIEHUS TUIIIOKAJIBIIMHA MEXIY
LIMTO30JIEM U IJIa3MaTU4YeCKO MeMOpaHO IIpy 6a3aJIbHOM YPOBHE BHYTPUKJIETOUHON KOHIEHTPAL CBOOOIHBIX
1oHOB KasbLus ([Ca2+]i) mosydeHo He Ob110. B 3TOM paboTe Mbl IIPEJJIOKUIIN ITPOCTbIE U YHUBEPCAJIbHbIE ITIOIXO0 bl
IJ151 TAKUX OLLEHOK. MBI II0Ka3asiu, YTO YPOBEHb 3KCIIPECCHUU SK30T€HHOro runnokansuyna (10 MxM) B uccaenyembix
HEMPOHaX I'MIIIOKaMIIa 10 KpalHEN Mepe BTPOE HUXKE T10 CPABHEHMIO C KOHLIEHTPaUKeN dHIOrNeHHOro. Takum

o6pa30M, DK30T€HHBIN 6€JI0K MOKHO MCIOJIb30BATh B KAYECTBE WHCTPYMEHTA BU3yaJIn3all pacCllpenesieHusd,



TPaAHCJIOKALMY U B3aUMOJI€MCTBHUS TUIIOKAJbLIMHA C 6eJIKaMU-MULIEHSIMU 6€3 CyIeCTBEHHOTO BJIMSHUS Ha
SHZOTEHHYI0 CUTHAJIM3ALMIO TUIIITOKAIbIMHA. VICTIOIb3yst METO/ BOCCTAHOBJIEHNUS (HIIYOPECIeHINH IT0CTIe
¢doroseiliBeTanus (FRAP), Mbl nokaszasnu, 4To koadpduuueHT nudpdysnu GayopecueHTHO MEYEHOTO IMINOKaIbIHA
B JIEHJIPUTaxX HePOHOB rumnmnokammna (~40 MKM/C) HaXOAUTCS B NIpejiesiaxX AUarna3oHa 3Ha4eHUH, XapaKTepPHBIX JJIs
LIUTO30JIbHBIX 6€JIKOB, IpUYeM KO3 PULIMEHT 6b11 IpUMeEPHO B 10 pa3 60Jblle, 4eM IJ151 YUICTO MEMOPAHHOTO
6eska. O6a 9TU Pe3yJIbTaThl CBUIETEIbCTBYIOT O TOM, YTO TMIIIOKAJIBIIMH HAXOAUTCSI B OCHOBHOM B I[UTO30JI€
IeHIPUTOB HEMPOHOB rumnmokamna. ITpsmoe BbruncieHrne GpakLOHHOTO paclpeiesieHrs TUINoKalbliHa Ha
6a3anbHOM ypoBHe [Ca2+]i mokazanu, 4To MeMOpaHHas ¢ppakiivs rUNIoKaabliHa He NpeBblimaeT 8%. B nenom,
HAIIM Pe3yJIbTaThl TOBOPSIT O TOM, YTO, OYAy4YH MPEUMYILIECTBEHHO [[UTO30JIbHBIM, TUIIIOKAJIBIIMH MOKET YMEPEHHO

AKTUBUPOBATh CBOU M€M6paHHbIe OeIKu-MUIIEeH! HOaKeE B YCJIOBHUAX ITOKOA.

2. Hippocalcin (HPCA) is a neuronal calcium sensor (NCS) protein that provides intracellular signaling via its Ca2+-
dependent translocation from the cytosol to the plasma membrane. Although such translocation of HPCA and
some NCS proteins is wellestablished, no quantitative estimates of HPCA distribution between the cytosol and
plasma membrane at a basal level of free intracellular calcium concentration ([Ca2+]i) have been obtained. Thus, it
is still unknown whether HPCA regulates its plasma membrane targets under resting conditions. Moreover,
exogenously expressed fluorescently-labeled proteins, widely used for biophysical studies, could probably shift
endogenous proteins signaling. That's why the main issues in this study is the estimation of the expression level of
the 23 exogenous HPCA construct, compared to that of the corresponding endogenous one, and quantitative
estimates of HPCA distribution between the cytosol and plasma membrane at a basal level [Ca2+]i. In this work, we
propose a simple and universal approaches for such estimations. The approach for measurement of expression
level is based upon common knowledge that the dye fluorescence is directly proportional to its quantum yield and
the number of its molecules and that a coefficient of proportionality is determined by spectral properties of the
dye and optical equipment used to record fluorescent signals. If two fluorescent dyes are present in the same
volume, then a ratio of their concentrations is equal to a ratio of their fluorescence multiplied by some dye- and
equipment-dependent coefficient. Thus, if the coefficient and concentration of one dye is known then the
concentration of another dye can be determined. Here we have demonstrated how to calculate this coefficient
(called a ratio factor) and how to use it for concentration measurements of fluorescently tagged molecules. Using
this approach, we estimated a concentration of exogenously expressed HPCA, tagged by a fluorescent protein in a
dendritic tree of rat hippocampal neurons loaded via a patch pipette with Alexa Fluor dye of known concentration.
We have demonstrated that HPCA expression level (10 uM) in the hippocampal neurons under study is at least 3
times lower compared to the concentration of endogenous one. Thus, the exogenous protein may be used as a tool
to visualize HPCA distribution, translocation and target interaction without substantial perturbation of
endogenous HPCA signaling. Next, we have evaluated HPCA spatial distribution in living cells at a basal level of
[Ca2+]i comparing this distribution with one of exogenously expressed membrane protein, EYFP-Mem. Using
fluorescence recovery after photobleaching, we showed that the diffusion coefficient of fluorescently tagged HPCA
in the dendrites of the hippocampal neurons (~40 pm2 /s) is within a range of values typical for cytosolic proteins.
The coefficient was about 10-fold higher than that for EYFP-Mem. Both results indicate that HPCA is mainly
localized in the cytosol of the dendrites of hippocampal neurons. Subsequent direct calculations for HPCA
fractions in the cytosol and plasma membrane at a basal level of [Ca2+]i demonstrated that the plasma membrane
fraction of HPCA does not exceed 8%. Altogether, our results suggest that although being mainly cytosolic, HPCA
may potentially signal to its plasma membrane targets under resting conditions. New approaches, used for
obtaining such estimates, can be applied for quantitative evaluation expression level of NCS protein and its spatial
distribution in living cells under different experimental conditions and for development of precise biophysical
models of their signaling.
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