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Busyanuzauma Kanbuusa (Ca’*) ABNAETCA WMPOKO UCTIOMb3YeMbIM METOLOM B HEMPOBMONOrMM /IR NPUKM3HEHHOMN peru-
CTPaLMKU HEVPOHHOW aKkTMBHOCTW. OHa npeacTaBnAeT coboi ONTUYECKOE M3MEPEHWUE KOHLEHTPALMM KanbLmMA C NOMOLLbIO0
reHeTMYeCKM KoamMpyeMblx KanbLmesblx MHaMKaTopos (FeKKW) [1]. OgHako KMHeTVKa u3MeHeHuA dnyopecueHumn MeKKN
OTHOCMTENIbHO MefJIeHHaA M orpaHMyeHa 6MoGM3NKON CBA3LIBAHUA MHAMKATOPA C KambLueM [2]. B oTBET Ha 0AMHOYHbIE
noteHumansl geictuA (M) B nMpaMmpanbHbIX HEMpoHax 60NbLUMHCTBO LWMPOKO Mcnonb3yeMblx MeKKW umetot nepuog
nonypacnaga ¢nyopecueHumu nopagra 100 mc [3]. CnepgosatenbHo, F'eKKW He MoryT npeocTaBuTh NOJHY MHGOPMaLMIo
0 AVHaMWKe HeMpOHHbIX aHcambnen. YacTnyHo npobnema pelwaeTtcA NyTéEM co3paaHuUA HoBblx BapuaHToB eKKW, Takmx
Kak jGCaMP7 [3], jGCaMP8 [4], unu ncnonb3oBaHWEM FeHETUYECKM KoaMPYeMbIX MHOMKATOpoB HanpaxeHus (FeKWH), Ta-
Kmx Kak JEDI-2P [5]. OgHako ckopocTb F'eKKU mnm MeKMH BCE elwé ycTynaeT CKOpoCTM peructpaumm anekTpogusmnonoru-
Yeckux MeToAoB. Mo 3ToM NpUuKMHe Mbl pa3paboTanv MUKPOINEKTPOL, KOTOPbIA MOXHO MCMO/b30BaTh BMECTE C IPafiUEeHT-
HOW JIMH30M [N1A NPUMKU3HEHHOW KambLMeBOW BM3yanm3aLmum NocpeacTBOM MUHUCKONA.

MwuHMcKon npeacTaBnfAeT cob6om 0AHOGOTOHHBLINA NUGNYOPECLIEHTHBIA MUHMATIOPHBIN MUKPOCKON ANA KanbLMeBON BU3Y-
anusaumu. B oTinume oT TpagMUMOHHO NpUMeHAEMON ABYX$OTOHHOW BMU3yanv3aLuy, MAHUCKON NO3BOJIAET PerncTpupo-
BaTb HEMPOHHYI0 aKTUBHOCTb Y CBOHOAHO NepedBUraloLLMXcA 1abopaTopHbIX HMBOTHbIX. BMeCTo 06beKTMBa Y MUHUCKONA
MCMONb3YIOTCA NIMH3bI C FPafMeHTHbIM noKasatenieM npenoMnenuns (GRIN-nMH3bI), KoTopble MMMNaHTMPYIOTCA Henocpes-
CTBEHHO B MO3T /1abopaToOpHOro *MBOTHOI 0. [ pafMeHTHbIe NIMH3bI NPeACTaBNAT c060i NPO3paYHbIN LUIVHAP UaMeTPoM
1,8 MM 1 anuHon 3,8 MM. [InA peanu3aumm aneKTpoGU3NMONOrMyecKoit 3anncu Ml paspabotanyt MUKPO3INEKTPOS, KOTOPbI
MOMHO coBMmecTUTb B GRIN-nnH301.

MuKpo3aneKTpoa npefcTaBnAeT coboi TPEXCNOMHYIO CTPYKTYpY: 1 — MOAMMMMAHARA NNEHKA; 2 — TOKOMPOBOAALLME MefHble
LOPOMKU, HAHECEHHBIE METOLOM TEPMOPOPMOBKY; 3 — NONMUMUAHAA MEHKA C BbIPE3aMM 1A KOHTAKTHBIX NioLaaok. Ha oa-
HOM M3 CTOPOH MMKPO3/IEKTPOAA PacnonoeHbl 12 Mo30/104eHHbIX TOKOMNPOBOAALLMX KOHTAKTOB ANA PErmMcTpaLyy JIOKanbHbIX
MoneBbIX MOTEHLMANOB, @ Ha APYro CTOPOHE — aHaNOrMYHOE KOMMYECTBO TOKOMPOBOLALLMX [OPOMEK ANA NOSKMYEHMUA
KOHHEKTOpa, OCYLLIeCTBNAIOLLEro nepefady AaHHbIX Ha nnaty 06paboTku. [MBKWIA MUKPO3NeKTPoL 060padmMBaeTCA BOKPYr rpa-
AVEHTHON NIUH3bI C PUKCaLMEN NyTEM TEPMOPOPMOBKM U BNIOCTEACTBUM UMMIAHTUPYETCA B FOSIOBHOM MO3F HUBOTHOTO.

C noMoLLbio pa3paboTaHHOr0 MUKPO3NIEKTPOAA Mbl NIAHUPYEM MPOBECTU CPABHUTENbHBIA aHaNWU3 KanbLMEeBO U 3NEKTPO-
PU3MONOrMYECKON aKTUBHOCTU HEMPOHOB rUMMoKaMna cBo6oAHO NepeBUraloLLIMXCA MbILIEN OUKOro TMNA U C MOAENbIo
6onesHn Anburenmepa. [laHHoe MccnefoBaHWe MO3BOMUT BbIABUTL HapyLieHUA npu 6onesHn AnbureiiMepa Ha ypoBHe
HEMPOHHBIX aHcaMbel W, Kak CNeacTBUE, NPeANOHKNUTb NOTEHLMAbHO HOBbIE METOALI JIEYEHUA UM MEXaHWU3MbI Pa3BUTUA
naTonorum, CBA3aHHOM C NPOrPeccUpyloLLel noTeper NaMATK npu 6onesHu Anburenmepa.
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Bknapa aBTOpoB. Bce aBTOpLI NOATBEPHKAAIOT COOTBETCTBME CBOEM0 aBTOPCTBa MeayHapoaHsIM KpuTepuaM ICMJE (ece aBTo-
Pbl BHEC/IM CYLLIECTBEHHbIN BKMaf B Pa3paboTKy KOHLENLMM, NPOBEAEHNE MCCeA0BaHMA U NOArOTOBKY CTaTbi, MPOYN 1 006-
pUIN GrHaNbHYI0 BEpCUIO nepes NybnmnKaumen).
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WUcTounuk ¢uHaHcupoBaHusA. ABTopbl HnarofapaT bonbliuakoBy AHacTacuio BYKTOpOBHY 3a aAMMHMCTPATVBHYIO MOMOLLb,
a TaKMKe COTPYOHVKOB NlabopaTopuy MOMERYNAPHOW HepoAereHepaLmy 3a MoMOLLb M Mofe3Hble coBeTsl. PaboTa BbinonHeHa
npu NOALEPHKe rpaHTa Poccuiickoro HaydHoro GoHaa «/ccnegoBaHyie KanbLMEBO M 3MeKTPOGU3MONOrMYECKON aKTUBHOCTU
HEMPOHOB rMMMOKaMNa in Vivo y MblLLei ¢ Mofienbio bonesHn Anbureimepa» (N© 22-75-00028).

KoHdnUKT uHTepecoB. ABTOpLI AEKNapUPYIOT OTCYTCTBME ABHBIX M MOTEHUMAMBHBIX KOHIIMKTOB MHTEPECOB, CBA3aHHbIX C My6-
JIMKaLMEeN HaCTOALLEN CTaTb.
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ABSTRACT

Calcium (Ca%") imaging is frequently used in neuroscience for recording neuronal activity in vivo. This method measures
calcium concentration optically using genetically encoded calcium indicators (GECI) [1]. However, the kinetics of GECI
fluorescence changes are restrained by the hiophysics of calcium binding, resulting in relatively slow responses [2].
In response to single action potentials (APs) in pyramidal neurons, most widely used GECIs exhibit a fluorescence
half-life of about 100 ms [3]. As a result, GECI cannot provide exhaustive data about neural ensembles’ dynamics.
To tackle this issue, novel GECI variants like jGCaMP7 [3] and jGCaMP8 [4] or GEVI such as JEDI-2P [5] have been
implemented. Nonetheless, the velocity of GECI or GEVI remains inferior to electrophysiological recording techniques.
Thus, we have developed a microelectrode that is compatible with a gradient lens for in vivo calcium imaging using
a miniscope.

The miniscope is a small microscope used for single photon epifluorescence Ca?* imaging, allowing for recording of neuronal
activity in freely moving laboratory animals, in contrast to the traditionally used two-photon imaging technique. Instead
of a conventional lens, gradient-index (GRIN) lenses are implanted directly into the brain of laboratory animals. These lenses
are transparent cylinders with a 1.8 mm diameter and 3.8 mm length. We developed a microelectrode that can be aligned
with a GRIN lens to facilitate electrophysiological recording.

The microelectrode comprises three layers, including a polyimide film, conductive copper tracks deposited through
thermoforming, and a polyimide film with cutouts for pads. One side of the microelectrode contains 12 gold-plated conductive
contacts for registering local field potentials, and the other side has a similar number of conductive tracks for connection
to a connector that transmits data to the processing board. The flexible microelectrode is wrapped around a gradient lens,
fixed with thermoforming, and then implanted into the brain of the animal.

Using the microelectrodes developed, we aim to analyze and compare the calcium and electrophysiological activity
of hippocampal neurons in freely moving wild-type mice and in a mouse model of Alzheimer’s disease. Through this study,
any abnormalities in Alzheimer's disease at the level of neural ensembles can be identified, possibly suggesting new
treatment approaches or mechanisms for the progressive memory loss pathology associated with this disease. We would
like to express our appreciation to Anastasia Viktorovna Bolshakova for her administrative support, and to the Laboratory
of Molecular Neurodegeneration staff for their valuable assistance and guidance.
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