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FEHETUYECKU KOOUPYEMbBIE MATHUTHBIE HAHOYACTUUbI ANA
HEWHBA3WBHOMN BU3YATTU3ALIUM CTBOJNOBbLIX KNETOK
AbakymoB M.A. '*, labawemnn A.H.", Ecopemosa M.B. "2, Cemknua A.C."
T®drAQY BO PHUMY um. H.N. Muporosa Munsgpaea Poccumn, Mocksa, Poccus
2[enbmronbl LeHTp, MioHxeH, FepMaHus
*E-mail: abakumov1988@gmail.com

MarHutHble HaHomaTepuanbl Ha OCHOBE HAHOYaCTUL, OKCWAOB Xere3a HaxogaT Bce
Gonblue MPUMEHEHWUA B pasnu4YHbIX obnactax 6uoMeauuuHbl, B HYACTHOCTUM OHWU MOTYT
BbICTyNaTb B KayecTBe T2 KOHTpacTHbiX areHToB Ans MPT. MarHuTHble HaHo4acTuubl
okcuaa xenesa obnagarT HU3KOW TOKCUYHOCTBIO, @ UX Moaudukaumst onpeneneHHbIMU
MOKPbITUSIMM  MO3BONSAET MoNyYaTb CTabunbHble BOAHbIE KOMMOWAHblIE PaCTBOPbI,
npurogHble ANsi BHYTPUMBEHHOrO BBEAEHWUSI C ANMUTENbHbIM BPEMEHEM UMPKYNsLMU B
KPOBOTOKE.

OfAHUM 13 NEepcrneKkTUBHBLIX HamnpaBneHUn UCMOMb30BaHUS MarHUTHbIX HaHoYacTuL,
SBNSIeTCA BU3yanu3aums KNeTok C MOMOLLbI0 MarHUTHO-pe30HaHCHOW Tomorpadun B
XMBbIX OpraHuamax. [Ins aToro nony4yeHHble XMMUYECKUM NyTEM MarHUTHbIe HaHOYacTULbI
nobaBnsalT K Kknetkam OO MX BBEOEHUS B OpraHMsM, OfHakKo B npouecce
XKMU3HEOeATEeNbHOCTN KNeTKn MOryT BblOpacbiBaTb HaHo4YacTWUbl NyTeM 3K30LMTO3a, a
Takke KOHLEHTpauusi MeTKU Hem3DEXHO CHWXKaeTCs C KaxabiM akTOM AerieHusi KIeTKu.
Bonee npuBnekatenbHOW  cTpaTerMen  ABMNSETCS  UCMOMb30BaHME  FeHeTUYecku
KOOMPYEMbIX KOHCTPYKLMIA, CMOCOBHbIX K CUHTE3y OGMOreHHbIX MarHUTHbIX HaHo4YacTuL,
BHYTpY kneTkn. OOHON M3 TaKMX KOHCTPYKUMIA siBNsieTca 6enok heppuTrH, BbINOMHAOLWNIA
hyHKUMIO Oeno enesa B OpraHvW3mMe MIIEKONUTaKLWMX U CNOCOGHLIM AenoHupoBaTb A0
3000 atomoB >xenesa. OpHako nonyyYyaemble HaHoyacTuubl obnagalT amopdHown
CTPYKTypo M obragaioT cnabblMy MarHUTHbIMW CBOWCTBaMW, YTO OFpaHUYMBaET WX
nanbHeviee NnpuMeHeHue.

[Ons pelweHns nocTaBneHHOW 3adayn Hamu ObINo NPEeAnoXeHO WCNoNb3oBaTb
OakTepuanbHble 6enkn MHKancynuHel, NpeacTaensowme cobor nonbie cdepbl pasmMepom
Ao 40 Hm, cnocobHble k AenoHnposaHnio o 30000 atomoB xenesa BHyTpu. C noMoLLbo
NEHTUBUPYCHON TpaHcOyKuMn Oblna nosiydyeHa KrnetovHash JNMHUSA Me3eHXMMarbHbIX
CTBOJIOBbIX KIETOK YernoBeka CTabunbHO aKcrnpeccupytolas reHbl 6aktepmansHoro 6enka
WHKancynuHa, depmeHTa deppokcmaasel n Oenka-nepeHocumka xenesa. MeTtogom
NMpocCBeYnBatoLLEN 3MEKTPOHHON MMKPOCKONMUWM Oblfl MOKas3aHO HanuMyMe HaHo4acTul,
oKkcuaa xenesa B CTBOJSIOBbIX KNeTKax, a Takke NpoAeMOHCTPUpOBaHa NpuHUMnuanbHas
BO3MOXHOCTb OBHApYXEHUS TeHeTM4eckM MOoAUUUMPOBAHHLIX CTBOJSIOBLIX KNETOK
metogom MPT nocne nx BBeAeHUs B OpraHn3m.

Pabombi noddepxxaHbi epaHmom PH® Ne19-45-06302.
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GENETICALLY ENCODED MAGNETIC NANOPARTICLES FOR NON-INVASIVE STEM
CELL IMAGING
Abakumov M.A."* Gabashvili A.N.", Efremova M.V."2, Semkina A.S."
" Pirogov Russian National Research Medical University, Moscow, Russia
2Helmholz Centrum Munich, Munich, Germany
*E-mail: abakumov1988@gmail.com

Magnetic nanomaterials based on iron oxide nanoparticles find more and more
applications in various fields of biomedicine, in particular, they can act as T2 contrast
agents for MRI. Magnetic iron oxide nanoparticles have low toxicity, and their modification
with certain coatings makes it possible to obtain stable aqueous colloidal solutions suitable
for intravenous administration with a long circulation time in the bloodstream.

One of the promising areas for the use of magnetic nanoparticles is the visualization of
cells using magnetic resonance imaging in living organisms. To do this, chemically
obtained magnetic nanoparticles are added to cells before they are introduced into the
body, however, cells can release nanoparticles by exocytosis, and the concentration of the
label inevitably decreases with each act of cell division. A more attractive strategy is the
use of genetically encoded constructs capable of synthesizing biogenic magnetic
nanoparticles inside the cell. One of these constructs is the ferritin protein, which functions
as an iron depot in the body of mammals and is capable of depositing up to 3000 iron
atoms. However, the resulting nanoparticles have an amorphous structure and weak
magnetic properties, which limits their further application.

To solve this problem, we proposed to use bacterial encapsulin proteins, which are
hollow spheres up to 40 nm in size, capable of depositing up to 30,000 iron atoms inside.
Using lentiviral transduction, a cell line of human mesenchymal stem cells that stably
expresses the genes of the bacterial protein encapsulin, the ferroxidase enzyme, and the
iron carrier protein was obtained. Transmission electron microscopy showed the presence
of iron oxide nanoparticles in stem cells, whereas MRI demonstrated the fundamental
possibility of detecting genetically modified stem cells by after their introduction into the
body.

The work was supported by the RSF grant No. 19-45-06302.
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W3MEHEHWE MOP®OJIOIMMU LUMMUKOBOIO ANMAPATA HEAPOHA NPU
BbIPABOTKE FETEPOCUHANTUYECKON MNACTUYHOCTU
AboHakyp A., CmupHosa I".P., gxunosa O.C.*, Manbiwes A.1O.

MHCTUTYT BbICLUEN HEPBHOM AeATENbHOCTM U Henpoduanonorun PAH, Mockea,
Poccus
*E-mail: olgaidzh@jihna.ru

CuHanTuMyeckass nNNacTUYHOCTb CYWTAETCH OCHOBHLIM  KMETOYHbIM  MEeXaHW3MOM
0oby4yeHus 1 namsTn. FeTepocMHanTMyeckass NNacTMYHOCTb — 3TO NOATUN MNACTUYHOCTY,
MpU KOTOPOM M3MEHSIETCA CUMna CUHANTUYECKOW CBA3W MeXQy TeMU HEeMpoHaMmu, KoTopble
He ObiNMM aKTUBHbLI BO BPeMsl MHAYKUMM NNacTUYHOCTU. OH BHOCWT BKNag BO MHOXECTBO
HEepBHbIX MNPOLECCOB, HO SABMSETCA ropasgo MeHee W3YYeHHbIM SBMEHWEM, YeMm
roMocuHanTuyeckas nnacTM4YHoCTb. HacTosilee nccnegoBaHne HanpaereHo Ha n3yveHue
Mopdonoruyeckoro cybcrtpara aToro Buaa nnacTUYHOCTU.

Mbl BbIABMHYNM MMNOTE3Yy, 4YTO reTepocuHanTUdeckas MOTeHUuMauusi, Bbl3BaHHas
BHYTPUKINETOYHON TeTaHW3auuen HerpoHa navykamu noTeHumanoB AeWCTBUS, Bbl3blBaeT
noKanbHylo TpaHCRALUMI0 HemeaneHHoro paHHero reHa ARC 1 genpeccuio OKpy»KatoLmx
LIMMKUKOB. [1nsi NpoBepKu 3TOW rMnoTesbl Mbl MPOBENM CEPUIO IKCNIEPUMEHTOB C U3YyYeHNEM
MOP@ONOrMYeckUX U3MeHeHun OryopecLeHTHO MEYEeHHbIX LUMMWKOB Nocne TeTaHu3auum
HEeMpoHoB. [na Bu3yanusauuMu LWWNUKOB Mbl CO34anM FeHETUYECKYD KOHCTPYKLMIO,
npeacTasnsaoLwyo cobon btoxH kpacHoro dryopecueHTHoro 6enka tdTomato ¢ 6enkom
NOCTCUHANTUYECKOrO YNnoTHeHMss Homer. B  akcnepuMeHTax C  KynbTUBUPYEeMbIMU
HempoHamMu ObINO MOKa3aHO, YTO BHYTPUKNETOYHAA TeTaHu3aums npUBOAUT K
MacCMpOBaHHbIM MePecTporKam LUMMMKOBOrO annapata KIeTkd, Npu KOTOpbIX YacTb
LUIMMWKOB YBenuuMBaeTCd, a YacTb yMmeHbluaetcd. [lpu 3ToM npocnexusBaeTtcs
3aKOHOMEPHOCTb, 3aK/OYaLWAsCa B TOM, YTO yBENMYMBLUMECS LUWMNWKW, Kak NpaBuIlo,
COCEACTBYIOT C YMEHbLUMBLUMMWUCS, YTO CBUAOETENbCTBYIOT B MOMb3y BbIABUHYTON HamMu
rMnoTesbl.

C uenbio ganbHenWero ynyylieHMs MeToaMKM BU3yanusaumm LUMNMKOB Mbl CO34aem
reHeTUYECKUE KOHCTPYKUMM C  MOAUUUMPOBAHHBIMU  oryopecLeHTHbIMKM  Benkamu,
KoTopble 06nagatoT NOBbLILIEHHOW CMOCOBHOCTLI0 BCTPamBaTbest B MeMbpaHy. [ins atoro K
C-koHUy hrnyopecLeHTHoro 6enka gobaensietca motus n3 20 amuHokucnoT 6enka c-Ha-
Ras ans noctpaHcnsauuoHHOro dapHesnnmpoBaHus. Bbino nokasaHo, Y4To B HeMpoHax,
aKcnpeccupyoLwmx apHesaunnpoBaHHbin GFP, BO3MOXHO NPoOBECTN CbeMKy Mopdonorum
LUIMMMKOBOrO annaparta KieTku C CyweCTBeHHO Oorbluen getanusaumen, Hexenu 3To
06bI4YHO yAaeTCcs C MCNONb30BaHNEM HeTapreTupoaHHoro GFP.

Ona CHWKeHUs TpaBMaTWYHOCTM TeTaHu3auuum Npu UCMONb30BaHWM MeToda neTy-
KNSAMM B HacTosillee Bpemsi Mbl paspaboTany MeTod ONTOreHeTUYEeCKoW TeTaHu3aumu
HenpoHa. [Ona 3Toro Mbl MPUMEHUNU HeOAaBHO OMUCAHHbLIN KaHanbHbIA  POAOMNCUH,
BblgeneHHbeln 13 Bogopocnu Platymonas subcordiformis (PsChR2). Bein otpabortaH
NMPOTOKON ONTOreHEeTUYECKON CTUMYMSAUMKU, MNO3BOMSAIOWMIA HAAEXHO MHAYUMpOBaTb B
HelrpoHax, akcnpeccupytowmx PsChR2, naykn noteHumanoB gencteusi ¢ 4actoTom 50—
70lu.
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HETEROSYNAPTIC PLASTICITY-RELATED CHANGES IN THE
MORPHOLOGY OF THE NEURONAL SPINE APPARATUS
Abonakour A., Smirnova G.R., Idzhilova O.S.*, Malyshev A.Y.
Institute of Higher Nervous Activity and Neurophysiology of RAS, Moscow, Russia
*E-mail: olgaidzh@jihna.ru

Synaptic plasticity is considered to be the main cellular mechanism of learning and
memory. Heterosynaptic plasticity is a subtype of plasticity in which synaptic strengths
change between those neurons that were not active during the plasticity induction. It
contributes to a variety of neural processes but is a much less studied phenomenon than
homosynaptic plasticity. This research aims to study the morphological substrate of this
type of plasticity.

We hypothesized that heterosynaptic potentiation induced by intracellular tetanization
of a neuron by bursts of action potentials can initiate local translation of the immediate
early ARC gene and provoke depression of surrounding spines. To test this hypothesis,
we conducted a series of experiments to study the morphological changes in fluorescently
labeled spines after neuronal tetanization.

To visualize the dendritic spines, we created a genetic construct that is a fusion of the
red fluorescent protein tdTomatto with the Homer postsynaptic scaffolding protein. In
experiments with cultured neurons, it was shown that intracellular tetanization leads to
massive rearrangements of the dendritic spine apparatus of the cell, in which some of the
spines increase and some decrease. In addition, our data in general indicated that the
enlarged spines, lie adjacent to the decreased ones, which is a pattern that supports our
proposed hypothesis.

For a better visualization of the dendritic spines, we have designed genetic constructs
with modified fluorescent proteins that have an increased ability to integrate into the
membrane. For this, a motif of 20 amino acids of the c-Ha-Ras protein is added to the C-
terminus of the fluorescent proteins for post-translational farnesylation. It has been
demonstrated that in neurons expressing farnesylated GFP, it is possible to capture the
morphology of the spiny apparatus of the cell with much greater details than is usually
possible using untargeted GFP.

To reduce the cellular damage of tetanization when using the patch-clamp technique,
we have developed a method for optogenetic tetanization of the neuron. For this, we use
the recently characterized channelrhodopsin isolated from the alga Platymonas
subcordiformis (PsChR2). A protocol of optogenetic stimulation was designed, which
makes it possible to reliably induce bursts of action potentials with a frequency of 50—
70 Hz in neurons expressing PsChR2.
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BINMUAHUE ®OTOCTUMYNALUU CBETOYINPABIAAEMOW HATPUEBOW NOMIbI
KR2 HA AKTUBHOCTb MUMPAMUAOHbLIX HEAPOHOB KOPbI FOTIOBHOIO MO3rA
MbILLA
Amaxvh [1.B.*, Tpocdhmmosa A.M., 3anues A.B.
WHCTUTYT aBONIOLMOHHON domauonorum n bruoxummm um. .M. CeuyeHosa PAH,
Cankr-lNeTepbypr, Poccus
*E-mail: dmitry.amakhin@gmail.com

OfoHMM M3 MEepCrneKTUBHBLIX  OMNTOTEHETUYECKUX  WHCTPYMEHTOB  ynpaBreHust
aKTUBHOCTbIO HEMPOHOB SIBNSIeTCA CBeToynpaBnsemas Hatpuesas nomna KR2, kotopas
noa, AencTemeM (OTOCTUMYNALMM BblkaumBaeT UOHbI HAaTpUs U3 KneTku. B gaHHol paboTte
aHanusmpoBanacb BO3MOXHOCTb NpumeHeHus KR2-coTocTumynsaumv Ans BO34enCTBus
Ha anunenTonoAobHY aKTUBHOCTb B Cpe3ax SHTOPWMHAsIbHOW KOpbl FOMOBHOIO MO3ra
MbILLN.

Pabota 6bina BbiMOnHeHa Ha Mblwax nuvHuM C57BL/Gj (Pannonoso, Poccus),
KOTOpbIM B Bo3pacTe 4-5 mec. BBOAMNM afeHoaccouunpoBaHHbii Bektop AAV-PHP.eB-
hSyn-KR2-YFP (M®TW, Poccus), ¢ reHamm KR2 n mapkepHoro 6enka YFP. BekTopHbin
KOHCTPYKT 3KcrpeccupoBascs B obnactv natepanbHOW 3HTOopuHanbHou kopbl (JT3K).
Yepes 4-5 Hegenb wusrotaBnuBanucb nepexusatowme cpesbl Mosra (300 MKm).
OnTtoreHeTuyeckas ctumynsumns KR2-cogepxalimx HEMPOHOB OCYLLECTBSNIacb CBETOM C
AnvHHONM BomnHbl 530 HM. MccneqoBaHns NpoBOAMAUCE C UCMOMb30OBaHMEM MeToAa naTy-
Knamn B KOHMUrypaumm uenas krnetka. AnunenTudopmMHas aKTUBHOCTb B cpese
Bbi3biBanacb nytem pobaeneHus B nepdy3vpylowmin  pactBop 4-aMUHONMPUAMHA W
CHWXEHWS! B HEM KOHLIEHTPALMKN MOHOB MarHusl.

dotocTumynsaumsa KR2 npmsoamna K BO3HUKHOBEHMWIO BbIXOAALWMUX TPAHCMEMOPaHHbIX
WOHHbIX TOKOB, BbI3bIBAKOLLMX TUNEPnonspusaumio MembpaHbl NMPaMUaHbIX HENPOHOB
3HTOpUHAanNLHOM Kopbl. lokasaHo, 4YTO B OTBET Ha OCTAHOBKY cBeTocTumynsauun KR2
npoucxoant aktmeaums HCN-kaHanoB, npoBoUMpYOLWAs CUHANTUYECKYD aKTUBHOCTb B
HelpoHHOW ceTu. B  akcnepumeHTax C  Ucnonb3oBaHMEM in  vitro  mopenu
anunenTugpopmHon aKTUBHOCTM 6bIno nokasaHo, 41O NpoAOIKUTENbHASs
ceetocTumynauma KR2 He cnocobcTBoBana OCTaHOBKE reHepauumn annnentudopMHbIX
pa3psaoB B Kope. B To e Bpems, npepbiBUCTast CBETOCTUMYMSILMS NPUBOAUIA K MOSTHOMY
NCYE3HOBEHWNIO MNPOAOIMKUTENIbHON WKTanbHOW aKTUMBHOCTW B SHTOPUHAmNbHOW Kope W
3aMeLLeHNI0 €e  Ha  pPexuMMm  reHepaummM  KOpPOTKMX  paspsigoB,  Bbl3blBAEMbIX
KpaTkoBpemeHHon aktmBaumein HCN-kaHanoB npu BbikYeHUn ctumyna. C nomoLblo
MaTemMaTU4eckoro MOAENUPOBaHMWS, OCHOBAHHOTO Ha MOJYYEHHbIX 3KCNEPUMEHTArNbHbIX
OaHHbIX, ObINO MNPOAEMOHCTPMPOBAHO, YTO MOTEeHUMarnbHble aHTUANUNENTU4ecKne
adppekTbl cBeTOCTUMYNSILUMU KR2 onpenensitoTcst kak runeprnonspusyowmmM TOKOM NoMnbl,
TaK U CHWXKEHVWEM KOHLEHTpaLMu BHEKNeTOYHOro Kanus, Toraa kak npoanunentuyeckue
appekTbl CBA3AHbLI C YMEHbLUEHNEM BHYTPWUKIETOYHOW KOHLIEHTPAUMEN MOHOB HaTpus U
WHrMOMPOBaHUIO HATPU-KarneBon NOMnbl.

Takum o6pasom, oToCTUMYNAUMSA cBeToynpaBnsemon HaTpueBon nomnbl KR2
SABMSAETCA NEepPCNeKTUBHLIM NOAX0A0M ANSA YNpaBrieHns anunenTMdOpMHON akTUBHOCTbIO.

Paboma noddep>xaHa epaHmom PH® Ne 21-15-00416.
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EFFECTS OF PHOTOSTIMULATION OF THE LIGHT-DRIVEN SODIUM PUMP KR2
ON THE ACTIVITY OF PYRAMIDAL NEURONS IN THE MOUSE CEREBRAL CORTEX
Amakhin D.V.*, Trofimova A.M., Zaitsev A.V.
Sechenov Institute of Evolutionary Physiology and Biochemistry RAS, Saint
Petersburg, Russia
*E-mail: dmitry.amakhin@gmail.com

One of the most promising optogenetic tools for controlling neuronal activity is the
light-driven sodium pump KR2, which pumps sodium ions out of the cell. This study
investigated the possibility of using KR2 photostimulation to control epileptiform activity in
mouse entorhinal cortex slices.

The work was performed in C57BL/6j mice (Rappolovo, Russia) injected at 4-5
months of age with the adeno-associated vector AAV-PHP.eB-hSyn-KR2-YFP (MIPT,
Russia) containing KR2 and YFP marker protein genes. The vector construct was
expressed in the lateral entorhinal cortex (LEC). After 4-5 weeks, acute brain slices
(300 pm) were prepared. Optogenetic stimulation of KR2-containing neurons was
performed using light with a wavelength of 530 nm. Studies were performed using the
patch-clamp method in a whole-cell configuration. Epileptiform activity in the slice was
induced by adding 4-aminopyridine to the perfusion solution and reducing the
concentration of magnesium ions.

Photostimulation of KR2 resulted in outward transmembrane ion currents that induced
hyperpolarisation of the membrane of entorhinal cortex pyramidal neurons. It was shown
that activation of HCN channels in response to cessation of KR2 light stimulation triggers
rebound synaptic activity in the neuronal network. Using an in vitro model of epileptiform
activity, we showed that prolonged light stimulation of KR2 did not prevent the generation
of epileptiform discharges in the cortex. At the same time, intermittent light stimulation led
to the complete disappearance of prolonged ictal activity in the entorhinal cortex and its
replacement by the short discharges induced by short-term rebound activation of HCN
channels. Using mathematical modelling based on the experimental data, it was shown
that the potential antiepileptic effects of KR2 stimulation are mediated by both a
hyperpolarising pump current and a decrease in extracellular potassium concentration,
whereas the proepileptic effects are associated with a decrease in intracellular sodium ion
concentration and consequent inhibition of sodium-potassium ATPase activity.

Therefore, photostimulation of the light-driven sodium pump KR2 is a promising
approach to control epileptiform activity.

Supported by the Russian Science Foundation (Grant No. 21-15-00416).
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HOBbIE ONTOrEHETUYECKME CUCTEMbI KOHTPOIA pH CUHANTUYECKUX
BE3UKYN
Baraesa [1.9." *, Hocos I".A.2%, Bnacosa A.[l.", Byxanosuy C.M. !, Unbuuckuii H.C. 1,
lopaenuii B.U. 14
" MOCKOBCKUI (PU3NKO-TEXHUYECKMIA MHCTUTYT (HaLMOHAaIbHbIA UCCNefoBaTENbCKUN
yHuBepcuteT), MockBa, Poccus
2 depeparbHblil LEHTP MO3ra 1 HelipoTexHonoruii deaepansHOro Meauko-
6uonoruyeckoro areHTcTBa Poccun, Mocksa, Poccus
3 PoccUMCKMI HaLMOHasbHbIN UCCEAoBaTENbCKUA MEANLMHCKAN YHUBEPCUTET UMEHU
H.W. Muporosa Mun3gpasa Poccun, Mocksa, Poccus
4 Institut de Biologie Structurale Jean-Pierre Ebel, Université Grenoble Alpes—
Commissariat a I'Energie Atomique et aux Energies Alternatives—CNRS, Grenoble, France
*E-mail: bagaeva_dina@mail.ru

OonToreHeTUKa SIBMNAETCA BbICOKOI(MEKTUBHBIM U TOYHLIM MHCTPYMEHTOM Anst
n3yyeHusa cyHkumin ronosHoro mosra (Roy D.S., et al., 2016). o HegaBHero BpemeHwu
ONTOreHeTnKa B OCHOBHOM Bblnia COCpefoTodeHa Ha CBETOBOM KOHTPOre (YHKLMN Mo3ra
NMOCPEeATBOM 3KCMPECCUM POJOMNCUHOB Ha MOBEPXHOCTM MnasMaTu4eckon MembpaHbl
HENPOHOB. 3HAYMTENbHO MeEHblUe WCCNeaoBaHUA HampaBfieHO Ha OMTOreHeTUYeCcKUn
KOHTPOIb KNETOYHbIX OpraHens.

B HacTosllee Bpems cylLiecTByeT HOBas cTpaTerns, OCHOBaHHas Ha HanpasfieHHON
aKcnpeccun ynpasnsemMon CBeTOM MPOTOHHOM nomnbl Arch3 B cMHanTU4YeKkMx Besukynax
(Rost B.R., et al., 2016). [JaHHbI WMHCTPYMEHT MOXET (YHKUMOHANBHO 3aMeHUTb
3HAOrEeHHbIE MPOTOHHbIE HACOChl, 0becrneymBas ONTOreHETUYECKUI KOHTPOSb 3aKMUCIEHUS
CMHanNTUYeCcKUX BE3WKYN W HakonneHue HevpomeamaTopoB. TeM He MeHee, AaHHbINn
ONTOreHETUYECKUA WMHCTPYMEHT He MO3BONseT KOHTponupoBaTb PH cuHanTU4eckmx
BE3VKyn B CTOPOHY 3allenavymBaHus.

B paHHOM paboTe npeacTaBneHbl pesynbTaTbl HOBOTO OMNTOrEHETUYECKOro noaxona
ANs UHAYLUMPOBAHHOIO CBETOM 3alleniadymBaHus CMHanTu4eckux Be3nkyn. Hosbln noaxoa
pa3paboTaH Ha HeOaBHO OTKPbITbIX BHYTPEHHWX MPOTOHHBLIX Hacocax, B 4acTHOCTMH,
NsXeR (Shevchenko V., et al.,, 2017). B aton pabote c nomoLibio ryopecLeHTHON
MWUKPOCKOMWUM Mbl OLEHUNM [OCTaBky 6enka B CUHaNTUYECKME BE3WKYMbl, a Takke
nokasanmum adpeKkT ONTOreHeTMYecKoro  3allenayvBaHWs  Be3uKyn. Takke Mbl
oxapaktepusoBanu 3deKTbl, OnocpeaoBaHHble MPOToHHOM mnoMnbl NsXeR metogom
nokanbHOM uKcauun noTeHumana. PesynbTaTbl AaHHOrO McCCregoBaHWs MoryT ObiTb
nonesHel B uccnegoBaHusix pH-3aBUCUMMbIX AMCHYHKLUUIA CUHAMTUYECKUX BE3WKYN U KX
BMUSHWA Ha nepefjadvy CUHaNTUYECKOro curHana. Takke 3TOT WHCTPYMEHT BbIMMSAAMT
NMepcrneKkTVBHbLIM B CBETE HamnpaBfeHHOr0 ONTOFEHETUYECKOrO OTKIOYEHUS (YHKLMIA
OoTAenNbHbIX HENPOHOB M CUHArMCOB.
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NEW OPTOGENETIC SYSTEMS FOR pH CONTROL OF SYNAPTIC VESICLES
Bagaeva D.F.!, Nosov G.A.23, Vlasova A.D.!, Bukhalovich S.M.", llyinsky N.S.",
Gordely V.I.14
" Moscow Institute of Physics and Technology (National Research University),
Moscow, Russia
2 Federal State Budgetary Institution "Federal Center for Brain and Neurotechnologies"
of the Federal Medical and Biological Agency of Russia, Moscow, Russia
3 Russian National Research Medical University named after N.I. Pirogov of the
Ministry of Health of Russia, Moscow, Russia

4 Institut de Biologie Structurale Jean-Pierre Ebel, Université Grenoble Alpes—

Commissariat a 'Energie Atomique et aux Energies Alternatives—CNRS, Grenoble, France
*E-mail: bagaeva_dina@mail.ru

Optogenetics is a highly efficient and accurate tool for studying brain functions
(Roy D.S,, et al., 2016). Until recently, optogenetics has mainly focused on light control of
brain functions through the expression of rhodopsins on the plasma membrane surface of
neurons. Significantly less research is directed at the optogenetic control of cell organelles.

Currently, there is a new strategy based on targeted expression of the light-driven
proton pump Arch3 in synaptic vesicles (Rost B.R., et al., 2016). This tool can functionally
replace endogenous proton pumps, providing optogenetic control of synaptic vesicle
acidification and neurotransmitter accumulation. However, this optogenetic tool does not
allow one to control the pH of synaptic vesicles towards alkalization.

This study presents the results of a new optogenetic approach for light-induced
alkalization of synaptic vesicles. A new approach has been developed on recently
discovered internal proton pumps, in particular, NsXeR (Shevchenko V., et al., 2017). In
this work, we assessed protein delivery to synaptic vesicles and also showed the effect of
optogenetic alkalinization of vesicles using fluorescence microscopy. We also
characterized the NsXeR proton pump-mediated effects by local potential clamping. The
results of this study may be useful in the study of pH-dependent dysfunctions of synaptic
vesicles and their impact on synaptic signal transmission. Also, this tool looks promising in
the light of directed optogenetic shutdown of the functions of individual neurons and
synapses.

13



April 6-8, 2023 OPTOGENETICS+ 2023

UCCINEOOBAHUE BO3OENCTBUSA 9K3ONEHHOIO OKCUAA A30TA (NO) HA
CUHANTUYECKYIO NITACTUYHOCTb HEMPOHOB B MOJIE CA1 FTMNMOKAMMNA
MbILLA
BaitHaes-Maxrunes H.MM.", Beukanosa C.0.2, KaporoguHa T.}0." *
" HoBocuBupckuii rocyaapcTBeHHbIN yH1BEpCUTET, HoBocBUpck, Poccus
2 PepepanbHblii UCCNefoBaTeNbCKUiA LEHTP MHPOPMALMOHHBIX U BEIMUCTIUTENbHBIX
TexHonoruii, Hosocnbupck, Poccus
*E-mail: n.bainaev@g.nsu.ru

Okenpg asota (NO) — yHuKanbHbIN GMOXMMUYECKUA MeamaTtop, Yy4acTBYOLWMUA B
perynsuuM orpoMHOr0 KONMMYeCTBa XM3HEHHbIX npoueccoB. B yactHoctn, NO saBnsietcs
BaXHbIM HelpoMeaMaTopoM W yvacTByeT B HECKOMbKMX TuUnax CUHanNTU4ecKown
nnacTMyHocTW. HepoctaTtok okcvaa asoTa MOXEeT MNPUMBECTU K pasBUTUIO MaToOmnorvn
HepBHOM cuctembl. OpHMM K3 MHoroobGellalWwmx MeToAOoB NeyeHns nofdobHbIX
3aboneBaHUi MOXET CcTaTb WCMNONb30BaHWe (HOTOAKTUBHBLIX NpenapaToB, CMOCOOHbIX
BbICBODOOXAAaTb OKCWA a3oTa fokanbHO nop Bo3gencTteumem ceeta (MaHdunos M. A. ¢
coaBT., 2022). NoaToMy MccrneaoBaHue BNUSHUSA 3K30reHHOro oKcvaa a3oTa Ha HeMpOHbI
ABMAETCH BaXKHbIM LLAroM K CO34aHWI0 TakUX NeKapCTBEHHbIX CPEACTB.

B aTon pabote Mbl uccnepoBanu BnusHue ak3oreHHoro NO Ha cuHanTuyeckyio
nnacTuyHocTb HewpoHoB B none CA1 rmnnokamna Mbiwun. B kavecTBe goHopa okcuaa
asoTa wucnonb3dyeTcs paspaboTaHHoe B Hawen nabopatopum HOTOaKTUBUPYEMOE
coeguHeHne N-Hutposo-npounssogHoe BODIPY, nornowatowee ceeT B obnactn 520 Hm. B
KayecTBe WCTOYHMKa 0Ony4YeHust ucrnonb3yeTcs cseToauopd MolHoctu 1 BT, umerowmin
ONVHY BOMHbI M3nyyeHns 520 HM, yCTaHOBMEHHbIN Had CUCTEMON AEeTEeKTMpPOoBaHUS
3NEKTPUYECKON aKTUBHOCTU CPE30B.

OKCnepyMeHTbl NPOBOAUIM Ha cpe3ax rmnnokamna ABYXMECSYHbIX CamMuOB MblLLen
nvHum ICR. Ctumynaumio nupaMmugHblx HerpoHoB nons CA1 n perncTpaumio Bbl3BaHHbIX
noteHumanos pfencteus (MN0) nponsBoaunM C MOMOLLLIO CTEKNAHHBLIX BHEKNETOYHbIX
MWUKPO3MEKPOAOB, 3arOSIHEHHbIX COMEBLIM PAcTBOPOM. ANUTENbHOCTb CTUMYTMPYIOLLETO
uMmnyneca coctasnsna 5 mc. Takke Hamm Obln uccrnegoBaH npouecc pacnaga
doToOHOpPa B BOAHOM pacTBope nof Bo3fencTtBMem cBeTa. C  MCNonb3oBaHUEM
dnyopecueHtHon MeTkm DAR-2 B npouecce doTopacnaga 3aperucTpmpoBaHo
obpa3oBaHMe okcua asoTa U oueHeH Bbixod dhoTopacnaga. [nsi M3yYyeHus BrMSIHUS
ak3oreHHoro NO Ha napametpbl [ (amnnutyga, AAWMTENbHOCTb) MNPOBEAEHbI
3KCNepuMeHThl ¢ AobasneHneM goHopa K cpe3aM 1 obryyeHnem cpe3oB CBETOM. Takxe,
npuBegeHbl pesynbTaTbl CEPUM IKCMEPUMEHTOB Ha Cpes3ax MpW pasHbIX KOHLEHTpaumsx
NO doTogoHopa Anst ycTaHOBNEHUs 3aBMCMMOCTM napameTpoB [ oT KoHueHTpaumu.
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STUDY OF THE EFFECT OF EXOGENOUS NITRIC OXIDE (NO) ON THE SYNAPTIC
PLASTICITY OF NEURONS IN THE CA1 FIELD OF THE MOUSE HIPPOCAMPUS
Bainaev-Mangilev N.P.", Vechkapova S.0.2, Karogodina T.Yu." *
" Novosibirsk State University, Novosibirsk, Russia
2 Federal research center for information and computational technologies, Novosibirsk,
Russia
*E-mail: n.bainaev@g.nsu.ru

Nitric oxide (NO) is a unique biochemical mediator involved in the regulation of a huge
number of life processes. In particular, NO is an important neurotransmitter and is involved
in several types of neuroplasticity. A lack of nitric oxide can lead to the development of
pathologies of the nervous system. One of the promising treatments for such diseases
may be the use of photoactive drugs that can release nitric oxide directly in the desired
area when exposed to light (Panfilov M. A. et al., 2022). Therefore, the study of the effect
of exogenous nitric oxide on neurons is an important step towards the creation of such
drugs.

In this work, we plan to investigate the effect of exogenous NO on the synaptic
plasticity of neurons in the CA1 field of the mouse hippocampus. The photoactivated
compound N-nitroso derivative BODIPY developed in our laboratory, which absorbs light in
the region of 520 nm, is used as a nitric oxide donor. As an irradiation source, a 1 W LED
with a radiation wavelength of 520 nm is used, which is installed above the system for
detecting the electrical activity of sections.

Experiments were performed on sections of the hippocampus of two-month-old male
ICR mice. Stimulation of field CA1 pyramidal neurons and recording of evoked action
potentials (APs) was performed using glass extracellular microelectrodes filled with saline.
The duration of the stimulating pulse was 5 ms. We also studied the process of decay of a
photodonor in an aqueous solution under the influence of light. Using the DAR-2
fluorescent label, the formation of nitric oxide in the process of photodecomposition was
registered and the yield of photodecomposition was estimated. To study the effect of
exogenous NO on the AP parameters (amplitude, duration), experiments were carried out
with the addition of a donor to the sections and irradiation of the sections with light. Also,
the results of a series of experiments on sections at different NO concentrations of the
photodonor are presented to establish the dependence of the AP parameters on the
concentration.
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MCNOJIb3OBAHUE MALLMHHOIO OBYYEHUA ANA KNACCUPUKALIUU
NOCNEQOBATENIbHOCTENA MUKPOBHbLIX POOOMNCUHOB
BorgaHoBa E.A.*, Wawitan K.B., HoBoceneukuin B.H.
MockoBckuiA rocyaapcTBeHHbI yHuBepcuteT M. M.B. JllomoHocoBa, Mocksa, Poccus
*E-mail: elizawea8@gmail.com

MuKpoGHbIE POAONCUHLI — HAACEMEWCTBO (DOTOAKTUBHBIX PETUHASIb-CBS3bIBAOLLMX
MeMOpaHHbIX GenKkoB, WMPOKO PacnpoCTPaHeHHbIX B MUKPOOHOM MUpe W CPean HU3LLNX
aykapvoT. [NpeactaButenu 3TOro HagcemencTsa obnagatoT o6WUM cemucnmpanbHbIM
CTPOEHMEM, HO JEMOHCTPUPYIOT BbICOKOE pasHoobpasve yHKUMIA: Tak OHW MOryT urpaTb
pOnb WOHHbIX HACOCOB W YMpPaBMsieMblX CBETOM MWOHHbIX KaHanoB, (EpMEHTOB W
¢OTOCEHCOpPOB.

B 6aHkax gaHHbIX GenkoBbIX MOCnenoBaTenbHOCTEN COOAepPXKUTCA BGOoNbLLIOe YUCIOo B
pa3HOM CTeneHn aHHOTMPOBAaHHbLIX MOCeAoBaTENbHOCTEN CeMUCNMpPanbHbIX Oernkos,
BKMOYasi M MUKPOOHblE poAoncuHbl. Kak npaBumio, aBTOMaTUYECKOE aHHOTMPOBaHWE
HOBOW MocCneaoBaTenbHOCTM BKMNOYaeT B cebs BbiBMEHME Tak Ha3blBAaeMbIX CUrHaTyp
(Hanpumep, 7 TpaHCMeMOpaHHbIX crnvpanew) U He SABMSETCS OOCTaTOYHO MOAPOGHBLIM.
AnbTepHaTMBHbIM SIBNSIETCA aHHOTUPOBAHME, OMNMPAaKLEeecs Ha CpaBHEHWE HOBOW
nocnegoBaTenbHOCTU C NOCNefoBaTeNbHOCTAMM BEMNKOB, YbA CTPYKTYPa M PyHKUMM yxe
n3yyeHbl 3KcnepuMeHTanbHo. OgHaKo TakoW NoAxod He MO03BOMNSeT aHHOTMpOBaTb
3HaYUTENMbHYIO YacTb MOCNefoBaTeNbHOCTEN, MOMYYEHHbIX B pesynbTaTe pasfuyHbIX
FEHOMHbIX MU MeTareHOMHbIX MPOEKTOB. B HacTosiweln paboTe mbl NpeacTaBnsieM MeToq
knaccudmkaumnm nocnefoBaTenbHOCTEN  MUKPOBHBLIX  POAONCUHOB, OCHOBaHHBLIN  Ha
MCMONb30BaHUN PEKYPPEHTHON HenpoceTu. OOGyveHne meToda CTano BO3MOXHbLIM
6narogaps  ucnonb3oBaHuio  Gomnblworo  Habopa  ncesBaonocnefoBaTenlbHOCTEN,
MOMyYeHHbIX MO CneuuanbHOMY anroputMy W OTpaXKalolMxX CBOWCTBA MNPUPOOHbIX
nocnegoBaTenbHOCTEN. Tak, onNMpasiCb Ha TPWM COTHU U3BECTHbIX MOCeAoBaTeNbHOCTEN,
OTHOCALLMXCA K 14 cewmeicTBam, Mbl nonyuinn  Gonee 10  TbicaY
nceegonocnegoBaTenbHoCcTeR, 4To no3sonuno  pobutbcss  100%  ToyHOCTM  npu
knaccudmkaumMn npupoaHbIX nocnefoBaTenbHOCTEN TecTtoBoro Habopa. Ewé ogHum
rMNOTETUYECKUM cnoco6om npuMeHeHus npeanaraembix Hamu
nceBAoONOCNefoBaTENBHOCTEW ABNSETCA AM3alH 6enKoB, He BCTPeYaloLLMXcs B npupoae,
HO obOnapallmMx WHTEPECHbIMW CnekTpanbHbIMA CBONCTBAMM, KOTOPble TaK e MOoryT
ObITb OLIEHEHbI METOAAMW MALUMHHOTO 0ByYeHuUs.
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MICROBIAL RHODOPSIN SEQUENCE CLASSIFICATIONS USING MACHINE
LEARNING
Bogdanova E.A.*, Shaitan K.V., Novoseletsky V.N.
Moscow State University, Moscow, Russia
*E-mail: elizawea8@gmail.com

Microbial rhodopsins are a superfamily of photoactive retinal-binding proteins
widespread throughout the microbial and lower eucaryotes world. Members of this
superfamily have a seven-helix structure and show a high diversity of functions. Thus, they
can be ion pumps and light-driven ion channels, enzymes, and photosensors.

Protein sequence databanks contain many annotated sequences of seven-stranded
proteins, including microbial rhodopsins, to varying degrees. Typically, automatic
annotation of a new sequence involves the identification of so-called signatures (e.g., 7
transmembrane helices) and is not sufficiently detailed. An annotation based on
comparison of the new sequence with protein sequences whose structure and functions
have already been studied experimentally is an alternative. However, this approach does
not allow one to annotate a significant part of the sequences obtained as a result of
various genomic and metagenomic projects.

In this work, we present a method for classifying microbial rhodopsin sequences
based on the use of a recurrent neural network. The training of the method became
possible due to the use of a large set of pseudosequences obtained by a special algorithm
and reflecting the properties of natural sequences. Thus, based on three hundred known
sequences belonging to 14 families, we obtained more than 10 thousand
pseudosequences, which made it possible to achieve 100% accuracy in classifying the
natural sequences of the test set. Another hypothetical way to apply the proposed
pseudosequences is the design of proteins that are not found in nature but have
interesting spectral properties that can also be evaluated by machine learning methods.
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PA3PABOTKA ONTO- U XEMOIEHETUYECKUX KOHCTPYKTOB
ana nCCNeaoBAHUA ®YHKLUUU ACTPOLIMTOB B

AONTOBPEMEHHbBIX MIACTUYECKUX MPOLIECCAX
BopoauHoBa A.A.*, banabaH .M.
MHcTutyT Bbiclwen HepBHOM aesaTensHocTy u Herpoduamonorum PAH, Mockea,
Poccus
*E-mail: borodinova.msu@mail.ru

[o HepgaBHero BpeMeHW pofb acTpornMu B perynsuMn  OOonroBpeMeHHON
CMHaNTMYeCcKoW NNacTUYHOCTM M namsaATu Obina HegooueHeHa. CormacHo COBPEMEHHbBIM
npeacTaBreHnsM, acTpoumUTbl SBMSATCS aKTUBHBIM W HEOTbEMMEMbIM Y4aCTHUKOM
[OONrOBPEMEHHBIX MMacTUYECKUX MNpPoLEecCcoB B Mo3re (obydyeHune, namsaTb), a Takke
BOBMEYEHbl B pa3BUTME HEKOTOPbIX HemponaTornoruii. [okasaHo, Y4TO acTpounTbl MOryT
obmeHMBaTbCA  «MHpopMaume» € MPecUHanTUYeCcKMM U MOCTCUHANTUYECKMU
OKOHYaHUSIMU HENPOHOB, pearvpys Ha curHanbl HEMWPOHOB aKTMBauuen COBCTBEHHbIX
CUrHanbHbIX KackafloB W BblAensis crneuuduyeckme Habopbl CUrHanbHbIX MOJIEKY
(rMMOTpaHCMMTTEPOB), CMOCODOHbLIX W3MeHUTb paboTy HelpoHoB. PasbanaHcupoBka
MEXaHW3MOB KOMMYHMKaLMM acTpoOLMTOB W HENPOHOB MOXET COMpoBOXAaTbCs
HapyLlleHneM JONroBpPeMEHHON CUHANTUYECKOW NNacTUYHOCTM U NaMATH, a Takke MOXeT
CMYXWTb OOHOW W3 MPWYMH pasBUTUS Hewponatonorui. Bce 3To genaeT acTpoumTbl
NnepcnekTMBHOM MULLEHbIO Anst pa3paboTkn cnocoboB ynpasreHns paboTor HEMPOHHbIX
ceTeln B HOpPMe ¥ NaTonormu.

Mpw nccnegoBaHWM NNACTUHECKUX NPOLIECCOB B MO3re Ha CErOAHSILIHUIA AeHb aKTUBHO
UCMOMb3ylT  afeHoaccouuMpoBaHHble BUPYCHble BekTopbl  (AAV), nossonsowme
[obutbcst n3bmpaTenbHOM 3KCMPECCUMU PasnUYHbBIX FEHETUYECKU-Koaupyemblx OenkoB B
Xenaembix MONYNAUMAX KNeToK (HeWpoHbl, acTpouuTbl) 3aAaHHbIX PEervoHoB Moasra.
CylwecTByoliME Ha CEroAHAWHUA AdeHb BapuaHTel AAV  BUPYCOB CyLLECTBEHHO
pasnuyaloTca No CMocoBHOCTU CBA3bIBATLCS C TEMU WM WMHBIMW peulenTopaMu Ha
NOBEPXHOCTM KINETOK, YTO B KOHEYHOM UTOre onpefensieT NoBbILEHHbIV TPONU3M BUpYCca K
TEM WUMN MHbIM KNETOYHbIM MONyNSAuUMAM W, COOTBETCTBEHHO, AOCTaBKYy FeHeTU4ecKoro
mMaTepuana BHyTpb KneTkn. He MeHee BaXHbIM (DAKTOPOM SBMNSIETCS TO, HACKOMBKO
cneunduyHbIi NpomMoTop OydeT «3almT» B KOHCTPYKTE AN KOHTPOMS 3KCrpeccum
reHeTUYeCKU-koaMpyemblx  GENkoB B XenaemblX NOnynsumsx  knetok.  byayt
NpoaHanMavpoBaHbl MPUHLUMNLI BbiGOpa ONTUMarnbHbIX NapameTpoB AN nsdupatenbHon
3KCMPECCUM FTEHETUYECKUX KOHCTPYKTOB B MOMNYNALMSX acTPOLUTOB.

CenekTvBHas 3KCMpeccus NPUPOAHBIX W CUHTETUYECKMX FeHeTUYeckn KoampyembixX
GenkoB (CBETOYYBCTBUTENbHbIE 6EnkM, XeMopeuenTopbl) B MOMNyNAUMSX acTpouuToB
Mo3BOfiISeT MCMonb3oBaTb OMNTOreHeTUYEeCKne W XemMoreHeTuyeckme noaxodpl Ans
ynpaBreHns CUrHanbHbIMKM NyTSIMU B acTpouuTax W, TakuMm obpas3om, uccriefoBaTb WX
ponb B perynsumMmn nnacTu4eckmx npoueccoB B Mo3re B HOpMe W nartonoruu. B kayectse
npumepoB 6yayT pacCMOTPEHbl 4YacTHble Cly4Yau WUCMONb30BaHUS MOHOTPOMHbLIX WU
MeTaboTpPONHbIX GPCR CBETOYYBCTBUTESbHbIX peLenTopoB (onToreHeTuka),
CUHTETUYECKUX XEMOPELENTOPOB (XeMOreHeTuka) Mpu WUCCNefoBaHUM MeXaHW3MoB
[ONroBpeMeHHON MNNacTUYHOCTUN N MaMSATU Y TPbI3YHOB.
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DEVELOPMENT OF OPTO- AND CHEMOGENETIC CONSTRUCTS FOR THE
STUDY OF ASTROCYTE FUNCTIONS IN LONG-TERM PLASTIC PROCESSES
Borodinova A.A.*, Balaban P.M.
Institute of Higher Nervous Activity and Neurophysiology of RAS, Moscow, Russia
*E-mail: borodinova.msu@mail.ru

Until recently, the role of astroglia in the regulation of long-term synaptic plasticity and
memory was underestimated. According to modern concepts, astrocytes are an active and
integral participant in long-term plastic processes in the brain (learning, memory), and are
also involved in the development of some neuropathologies. It was shown that astrocytes
can exchange "information" with the presynaptic and postsynaptic endings of neurons,
reacting to neuronal signals by activating their own signaling cascades and releasing
specific sets of signaling molecules (gliotransmitters) that can change the functioning of
neurons. The imbalance of the communication mechanisms of astrocytes and neurons
may be accompanied by an impairment of long-term synaptic plasticity and memory, and
may also serve as one of the reasons for the development of neuropathologies. All this
makes astrocytes a promising target for developing ways to control the work of neural
networks in norm and pathology.

To date, adeno-associated viral vectors (AAV) are actively used in the study of plastic
processes in the brain, which make it possible to achieve selective expression of various
genetically encoded proteins in the desired cell populations (neurons, astrocytes) of given
brain regions. The currently existing variants of AAV viruses differ significantly in their
ability to bind to certain receptors on the cell surface, which ultimately determines the
increased tropism of the virus to certain cell populations and, accordingly, the delivery of
genetic material inside the cell. An equally important factor is at what extent a specific
promoter "incorporated” into the construct controls the expression of genetically encoded
proteins in the desired cell populations. The principles of choosing optimal parameters for
the selective expression of genetic constructs in astrocyte populations will be analyzed.

Selective expression of natural and synthetic genetically encoded proteins
(photosensitive proteins, chemoreceptors) in astrocyte populations makes it possible to
use optogenetic and chemogenetic approaches to control signaling pathways in astrocytes
and, thus, to investigate their role in the regulation of plastic processes in the brain in norm
and pathology. As examples, special cases of using the ionotropic and metabotropic
GPCR light-sensitive receptors (optogenetics), synthetic chemoreceptors (chemogenetics)
in the study of mechanisms of long-term plasticity and memory in rodents will be
considered.
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WCCNEQOBAHUE PEOOKC-COCTOSAHUA MUTOXOHOPUMA KNETOK IN VIVO C
MUCMNOJNIb30BAHUEM PAMAHOBCKOW MUKPOCMEKTPOCKOMUU U
FEHETUYECKUX MHCTPYMEHTOB
Bpaxe H.A."*, Mopososa K.C.", Tarnuk A.B.12, degoTtoBa A.A."2,
Lectonanosa M.C.2, SanbiruH A.B.2, OneitHunkos B.A.2, Bunax [.C .2,
CembsiHoB A.B."2
" MockoBCKUi1 rocyfapCTBeHHbI yHUBepcuTeT um. M.B. JlomoHocoBa, Mocksa, Poccus
2 NHCTUTYT BropraHuyeckoin xummum PAH, Mockea, Poccus
*E-mail: nadiya.brazhe@gmail.com

Penokc-cocTosiHMe KMEeTOK TECHO CBSI3aHO C aKTMBHOCTbIO [blXaTenbHOW Lenu
(anekTpoHTpaHcnopTHon uenu, JTL) mMuToxoHapuin. Perynaumsi paboTbl AbixaTenbHON
Luenu MWUTOXOHAPWIA BaxkHa Ans obecneyeHus kneTok ATD, a Takke AnsS onTMMU3auLMu
Konm4yecTBa CynepoKCuMA-aHWOH pagukana, obpasytouwerocs B JTL,. MeHepauus Ox ¢
nocnepywowmm obpasoBaHuem Apyrux akTMBHbiX ¢opm kucropoga (ADK) moxer
MCMOMb30BaTbCA B CUrHamNbHbIX Mpoueccax WUnuM NpMBOAWTbL K PasBUTUIO OKUCIIUTENBHOMO
cTpecca. [ins noHMMaHUs npoLeccoB perynauuMmn aktmsHocTn ISTLL M nx B3aMmocBssn C
obpaszoBaHnem A®PK Heobxogumbl nogxondbl, MO3BONSKOWME in VIVO OUEHUTb PepoKc-
coctosiHue 3TL muToxoHApU 1 oeTekTupoBaTh reHepauunio APK.

Mbl pa3paboTanu Noaxod, OCHOBAHHBIA Ha CNEKTPOCKOMUM PaMaHOBCKOrO paccesiHvs
C UCMOMb30BaHMEM FEHETUYECKN Koampyemoro BuoceHcopa ANns MOHUTOPUHra pPenokc-
cocTosiHusa OTL, muToxoHapwi 1 aeTekuun obpasoaHusi H2O2 B HelpoHax u actpouutax
KOpbl MO3ra MbllWen in Vvivo. HeWpoHbl W acTpouuTbl MAEHTMMUMPOBaNM Mo
dnyopecueHummn akcnpeccupyrowmxcs 6enkos NirFP u GFP, cooTBeTCTBEHHO, unu no
dnyopecueHuun BuoceHcopa HyPer7, uameHeHWe WHTEHCUBHOCTM dryopecueHunn
KOTOPOro MCMomnb30Banu Ans MOHUTOpPUWHra konundectea H202, obpasytoLlencs B MaTpukce
MuTOXOHApPUA. o nukam B pamMaHOBCKMX CnekTpax onpeaensnu OTHOCUTENbHoe
cogepaHne BOCCTaHOBMEHHbIX LUTOXpoMoB B n C-tunos B OTLL MUTOXOHAPWIA 1, Takum
obpa3oM, oueHuBanu cTeneHb 3anonHeHHocTn JTL| anekTpoHamu W ycTaHaBnuBanu
B3aMMocsi3b Mexay pabotoit ATL n obpasoBaHmem H2O2 B maTpmkce MUTOXOHOPUIA. Bbino
YyCTaHOBMNEHO, YTO MpW ABWXEeHWUM Mbiwn ITLL MUTOXOHAPUI acTpouMTOB 3anonHseTcs
3MeKkTpoHamu, 4TO conpoBoxpaetcs reHepauven H202. B HelipoHax, HanpoTuBe,
CHMXanocb OTHOCUTENbHOE CoAdepXXaHWe BOCCTAHOBIEHHbIX MEPEHOCYMKOB 3MEKTPOHOB U
He u3meHsnack npoaykums H20.. Mbl npegnonaraem, 4to H202, obpasytouiascs B
acTpoumTax, HeobxoaMma AN CUrHambHbIX NPOLECCOB MeXAy acTtpouuTamu u ApyrumMu
KOMMOHEHTaMWN aKTUBHOW cpefbl Mo3dra. [peanoXeHHbli Noaxon MOXeT ObiTb yCchnewHo
MCMomnb3oBaH Ans MCCrneaoBaHWs pegoKCc-NpoLeccoB, MpoTekalwmx B Mo3re, a Takke B
OpYrMx opraHax npu pasnuyHbIX MaToNorusix, B YaCTHOCTW, NpPW Pas3BUTMU MPOLECCOB
BOCMNaneHus.

Paboma ebinonHeHa rpu noddepxke PH® 23-44-00015.
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MONITORING OF THE MITOCHONDRIA REDOX STATE OF CELLS IN VIVO BY
MEANS OF RAMAN MICROSPECTROSCOPY AND GENETICALLY ENCODED TOOLS
Brazhe N.A."*, Morozova K.1.", Tiaglik A.B."2, Fedotova A.A."2, Shestopalova M.S.?,
Zalygin A.V.2, Oleinikov V.A.2, Bilan D.S.2, Semyanov A.V."2
"Moscow State University, Moscow, Russia
2 Institute of Bioorganic Chemsitry RAS, Moscow, Russia
*E-mail: nadiya.brazhe@gmail.com

The redox state of cells is closely related to the activity of the respiratory chain
(electron transport chain, ETC) of mitochondria. Regulation of the mitochondrial respiratory
chain is important for providing cells with ATP, as well as for optimizing the amount of
superoxide-anion radical formed in the ETC. The generation of O> followed by the
formation of other reactive oxygen species (ROS) can be used in signaling processes or
can lead to the development of oxidative stress. To understand the processes of regulation
of ETC activity and its relation with the formation of ROS, novel approaches are needed
for the in vivo assessment of the redox state of mitochondrial ETC and for the detection of
ROS generation.

We have developed an approach based on Raman spectroscopy with a genetically
encoded biosensor to monitor the redox state of mitochondria ETC and to detect hydrogen
peroxide production in identified neurons and astrocytes in the mouse cerebral cortex in
vivo. Neurons and astrocytes were identified by the fluorescence of the expressed NirFP
and GFP proteins, respectively, or by the fluorescence of the HyPer7 biosensor. The
change in the fluorescence intensity of HyPer7 was used to monitor the amount of H2O>
formed in the mitochondrial matrix. The peaks in the Raman spectra were used to
determine the relative amount of reduced cytochromes of B and C types in the ETC of
mitochondria and, thus, the degree of ETC loading with electrons. This approach allowed
us to reveal the relationship between the ETC activity and the generation of H2O: in the
mitochondrial matrix. It was found that under the mouse locomotion, the ETC of astrocyte
mitochondria is overloaded with electrons, which is accompanied by the generation of
H202. In neurons, on the contrary, the relative amount of reduced electron carriers
decreases and H>O2 production does not change. We assume that astrocytic H2O: is
necessary for signaling processes between astrocytes and other components of the active
brain milieu. The proposed approach can be successfully used to study redox processes in
the brain, as well as in other organs in various pathologies, and in particular, under the
development of inflammation processes.

Supported by RSF (grant number 23-44-00015).
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U3MEHEHUA ACTPOLIMTAPHOW KANbLMEBOW AKTUBHOCTHU NMPU
JloKomouumn
Bpaxe A.P.'2*  depotosa A.A."2, CembsiHoB A.B.1?2
TMrY um. M.B. NNomoHocoBa, Mockaa, Poccus
2 IBX PAH, Mocksa, Poccus
*E-mail: brazhe@biophys.msu.ru

ACTpOUNTbI — KIMHOYEBOW 3NEMEHT LEHTParibHOM HEPBHOW CUCTEMbI, BOBIIEYEHHLIN B
perynsaumMio  CUMHanTUYecKoW nepejaunm  Mexay HerWpoHamu,  HenpoBacKynsipHoe
conpsbkeHve 1 OyHKLMOHamnbHble N3MEHEHUS B KOpe Noa AeVCTBUEM HENPOMOAYNATOPOB.
M3BecTHo, 4yTO NOKOMOTOpHas aKTMBHOCTb KUBOTHbIX conpoBoxaaeTtcsi
HOpagpeHepPrMyeckon curHanusaumnen B pasnmyHbIX oTaenax Moara, NpMBoAs K akTuBauum
agpeHeprMyecknx peLenTopoB Ha HeWpoHax M acTpoumTax. Mbl akcrnpeccupoBanu B
COMaTOCEHCOPHON KOpe MbIEN TFEeHEeTUYECKN KoOUPYEMbIA KanbUMeBbIA WMHOMKATOP
GCaMP6f nop acTtpouuTapHbiM NPOMOTOPOM W Habnganu akTUBHOCTb acTPOLMTOB
0OOPCTBYIOLMX KUBOTHbIX, PasMeLLeHHbIX Ha MoaBWXHOM nnatdopme. B coctosHum
nokosi HabnioganuMcb paspeXeHHble, HECKOOPAUHMPOBAHHbIE OTAESMbHbIE CMOHTaHHbIE
KanbumeBble BCMblwKW. [Mepvogbl  NTOKOMOTOPHOW — aKTMBHOCTU  COMPOBOXAANUCH
rnobanbHbIM MOBLILEHWEM YPOBHS KanbLMeBOro curHana. Ha ypoBHe OTAenbHbiX
acTpouuMTapHbIX JOMEHOB Habnaancs CTepeoTUnHbIA NaTTePH akTMBaLMKM OT nepudepun
gomeHa Kk come. Ha ypoBHe nonynsuMOHHOM aKTUBHOCTWM MOCMEe Hayana [ABWXeHUs
WHULMUPOBANNCb MHOXECTBEHHbIE OTAEeNbHble O06nacT C MOBbIWEHHbIM YPOBHEM
dnyopecueHuUn, KOTOpble 3aTeM CAMBanMCb B €AuHbIN  rrobanbHbll  OTBET,
NpoaoKalLWMACA U nocne 3aBeplueHust nepuoga nokomouun. MpumeHeHne MeTonoB
MOHWXEHUS pasMepHOCTW MoKasarno, YTO BO BpeMs OTBETOB Ha JIOKOMOUMIO KarnbLuveBas
aKTUBHOCTb aCTPOLMUTOB CUHXPOHU3NPYETCS U MOXET ObiTb OMMcaHa HECKONbKUMM
NPOCTPaHCTBEHHO-BPEMEHHBIMU MOAaMK1, (POPMUPYIOLLIMMU OUHAMUYECKYHO CUCTEMY.

Paboma ebinonHeHa ripu noddepxke epaHma PH® 22-14-00033.

22



April 6-8, 2023 OPTOGENETICS+ 2023

LOCOMOTION-DEPENDENT CHANGES IN ASTROCYTIC CALCIUM ACTIVITY
Brazhe A. '2*, Fedotova A."2, Semyanov A."?2
"Lomonosov Moscow State University, faculty of Biology, Moscow, Russia
2 Institute of Bioorganic Chemistry RAS, department of Molecular Neurobiology,
Moscow, Russia
*E-mail: brazhe@biophys.msu.ru

Astrocytes are a key component of the central nervous system, with implicated roles
ranging from orchestrating synaptic transmission to shaping neural tissue response to
neuromodulators or neurovascular coupling. It's well known that animal locomotion is
accompanied by noradrenaline signaling broadcasted from locus coeruleus to many brain
regions, activating adrenergic receptors on neurons and astrocytes. We expressed
genetically encoded calcium sensor GCaMPG6f in mouse somatosensory cortex under
astrocyte-specific promoter and imaged astrocytic calcium signaling in awake animals on a
moving platform. In quiescence, a sparse irregular spontaneous activity was observed.
Bouts of locomotion were accompanied by a large-scale increase in calcium signal. At the
single domain level, a stereotyped activation pattern from domain periphery to the soma
was observed. At the population level the onset of locomotion was followed by initiation of
multiple dispersed loci with high fluorescence level, which expanded and merged to form
the global response, which could last well after the cessation of animal movement.
Dimensionality reduction methods revealed that astrocytic calcium activity in response to
locomotion can be explained by a few spatiotemporal modes, making up a dynamical
system.

Supported by RSF grant 22-14-00033.
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OMTOCEHCOPHbIA AHAINIU3 TOMEOCTA3A XJIOPA U BOOOPO[A B CPE3AX
MO3rA TPAHCIEHHbIX MbILLENA
Bpexectosckuii MN.1."2*, MeTyxosa E.O."3, NMoHomapesa [.H."2
" MIHCTUTYT HelpoHayk, KasaHckuii rocyaapCTBEHHbIN MeaNLMHCKUIA YHUBEPCUTET,
KasaHb, Poccus
3 IHCTUTYT cUCTEMHbIX HelpoHayk, YHuBepcuteT Jkc-Mapcenb, Mapcens, ®paHuums
2 MIHCTUTYT dbyHaamMeHTasnbHoM MeauumHbl v 6uonormm, KasaHckuit (MpuBomKCKuii)
denepanbHbli yHMBepcuteT, KasaHb, Poccus
*E-mail: pbreges@gmail.com

OnToceHcopvKka - HampaBlieHWe WuccrnenoBaHuii, obecneynBarollee BO3MOXHOCTb
HEWHBA3NBHOIO MOHWUTOPUHIA KOHLUEHTPauuu BHYTPUKIETOYHbIX WOHOB, aKTUBHOCTU
hepmMeHTOB, NUNNOOB W  APYIUX  KINETOYHbIX KOMMOHEHTOB C  MCMOMNb30BaHWEM
cneumnanbHbIX OMTUYECKMX CeHCopoB. B nocnegHue rogbl co3gaHbl pasnuyHble TWnbl
reHeTU4YecKku KOOMPYEMBIX  CEHCOPOB, M3MEHSIIOLWNX  ¢hriyopecLieHLIMIo npu
B3aMMOJENCTBMM C OMpeAeneHHbIMU MOHaMW WM  Mornekynamu. Mx wucnonb3oBaHue
obecneymno BO3MOXHOCTb HEWHBA3WBHOMO MOHMTOPUMHIA MHOMMX  BHYTPUKNETOYHbLIX
npoLeccoB, BKoYas nameHeHne LAM®, rnokosbl, rmyTamaTta, nakrarta, pasfunyHbiX NOHOB,
a TaKKe HelpoHanbHOW aKTUBHOCTW.

B dyHKUMOHMPOBaHMM KNETOK BaXHy posb urpatoT moHbl H* u Cl. Oba wnoHa
Yy4acTBYIOT B PerynsaummM MHOMMX KMETOYHbIX MPOLIECCOB, a Takke MOoAynaumn yHKUMn
pa3nuyHbix 6enkoB, BKMIOYAs WOHHbIE KaHanbl. Perynsuusi romeocrasa 3TUX WOHOB
noaaepXvBaeTCcs CrOXHbIMU B3aMOAENCTBUAMMU UOHHBLIX TPaHCMOPTEPOB Y OBMEHHMKOB.
OncdhyHKUMS nnm nameHeHns B paboTte aTux GEenkoB KPUTUYECKU CBA3aHa C 3TUONOrmen
psga HeBPOMOrMYEeCcKMX PacCTPOWCTB, BKMOYAs SNUMAENCUIo, UWEMUI0, ayTOUMMYHHble
pacCTPONCTBa U HEBPOMNATUYECKYO GOrb.

0Ons HewHBa3MBHOrO aHanu3a BHYTPUKIIETOYHbLIX KOHUeHTpauun xnopa ([Cl-]i) wn
Bogopoaa ([H+]i), mMbl co3ganyM NWHUIO TPaHCrEeHHbIX MbILWER, JKCMPECCUPYIOLWMX B
HEMpoHax reHeTU4Yeckn Koampyembll OGuoceHCop Ans OZHOBPEMEHHOW perucrpauum
nameHeHun atnx noHos (ClopHensor) 1 nonyunnu kapTy ero akcnpeccun B PasnnyHbIX
obnacTsx moara.

B cpesax mo3ra Obin  nNpoBeAEH MOHUTOPUHI 3TMX WOHOB B Pasnu4HbIX
KCNEepUMEHTarnbHbIX YCMOBUSAX, BKNOYas W3MEHEHUE BHELUHWUX KOHLUEHTpauui MOHOB
(Ca?*, CI, K*, Na*), cMHanTu4eckyto CTUMYMSILMIO, a TakKe aHanua posiv TpaHCnopTépoB
xnopa KCC2 n NKCC1 B nogaepxanuu [Cl-]i B cpesax runnokamna.

Mony4yeHHble pesynbTaTbl MO3BONAOT MNpegnonaratb, 4YTo: (i) B COME HENPOHOB W
nerHgputax [Cl-]i moryT 3HauuMTenbHO pasnuuyaTbes; (i) KMHeTUka BoccTaHoBneHus [H+]i
npumepHo B 4 pa3a meaneHHee, 4em [Cl-i; (iii) nHrMbupoBaHme OCHOBHBIX TPaHCMOPTEPOB
Cl- npvBoaMT nNuWb K He3HauuTenbHbIM M3meHeHusam [Cl-]i 1 He BNMAET Ha KUHETUKY
BOCCTaHOBMNeHnst 6azoBoro ypoBHs [Cl-]i nocne cMHanTu4eckon CTUMynsaumn.

B obliem, pedynsratbl 4E@MOHCTPUPYIOT, YTO TPAHCTEHHbIE MbILUKM, 3KCNpeccupyoLme
ClopHensor, npegcrtaBnsioT cobOW  HaOEXHbIA  WHCTPYMEHT AN HEWHBA3UBHOIMO
O[HOBPEMEHHOro aHanunsa romeoctasa Cl-n H*.
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OPTOSENSORIC ANALYSIS OF CHLORINE AND HYDROGEN HOMEOSTASIS IN
BRAIN SLICES OF TRANSGENIC MICE
Bregestovski P.D."2 *, Petukhova E.O."3, Ponomareva D.N."2
"Institute of Neurosciences, Kazan State Medical University, Kazan, Russia
2 Institut de Neurosciences des Systemes, Aix-Marseille University, INSERM, INS,
Marseille, France
3 Institute of Fundamental Medicine and Biology, Kazan Federal University, Kazan,
Russia
*E-mail: pbreges@gmail.com

Optosensorics is the direction of research possessing the possibility of non-invasive
monitoring of intracellular ions concentrations, activity of enzymes, lipids and other cellular
components using specific optical sensors.

In recent years, various types of genetically encoded sensors have been created that
change fluorescence when interacting with certain ions or molecules. Their use made it
possible to noninvasively monitor many intracellular processes, including changes in
cAMP, glucose, glutamate, lactate, different ions and neuronal activity.

H+ and CI- ions play an important role in the functioning of cells. Both ions are
involved in the regulation of many cellular processes, as well as the modulation of the
function of various proteins, including ion channels. Regulation of the homeostasis of
these ions is supported by complex interactions of ion transporters and exchangers.
Dysfunction or changes in the functioning of these proteins are critically associated with
the etiology of a number of neurological disorders, including epilepsy, ischemia,
autoimmune diseases and neuropathic pain.

For non-invasive analysis of intracellular concentrations of chloride ([CI-]i) and
hydrogen ([H+]i), we created a line of transgenic mice expressing a genetically encoded
biosensor (ClopHensor) for simultaneous registration of changes in these ions in neurons
and obtained a map of its expression in various brain regions.

[CI-]i and [H+]i were monitored in brain slices under various experimental conditions,
including changes in external ion concentrations (Ca2+, CIl-, K+, Na+), synaptic
stimulation, as well as analysis of the role of CI- transporters KCC2 and NKCC1 in
maintaining [Cl-]i in hippocampal slices.

The obtained results suggest that: (i) [Cl-]i may differ significantly in the soma of
neurons and in dendrites; (ii) recovery of [H+]i after synaptic stimulation is approximately 4
times slower than the kinetics of [CI-]i; (iii) inhibition of the main transporters of Cl- (KCC2
and NKCC1) leads to only minor changes [CI-]i and does not affect the kinetics of recovery
of the baseline level of [CI-]i after synaptic stimulation.

In general, the results demonstrate that transgenic mice expressing ClopHensor
represent a reliable tool for non-invasive simultaneous analysis of Cl- and H+ homeostasis.
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NPEHATANIbHAA TMNEPTOMOLUUCTEUHEMUA HAPYLLAET ®OPMUPOBAHUE
HEPBHOW TKAHU B HEOKOPTEKCE U TMMMNOKAMIME MO3rA KPbIC NO OAHHbIM
KOH®OKANbHOW U ANEKTPOHHOW MUKPOCKOIMUM.

Bacunbes [.C." *, Tymarosa H.J1.", Wep6uukas A.0."2, Muxenb A.B."2,
Oy6posckas H.M.", ApyTioHsiH A.B.2
"MIHCTUTYT 3BONIOLMOHHON omanonorm n Groxmmmumn um. .M. CeyeHosa PAH,
CaHkT-lMeTepbypr, Poccus
2 HayuHo-vccnefoBaTenbCkuii UHCTUTYT aKyLIepCTBa, TMHEKONOTMI U PenpOaYyKTUBHOWM
meamumHbl um. [.0. OTTa, CaHkT-lMeTepbypr, Poccus
*E-mail: dvasilyev@bk.ru

MpeHaTanbHas rMNEproMoLUCTEMHEMUS BbI3bIBAeT HapylleHue nnaueHTapHoro
KPOBOTOKA M MOXET MNPUMBECTU K CEepbe3HbIM W3MEHEeHVMAM B (OpMMPOBaHMM MO3ra
notomctea. [laHHOoe wccnegoBaHWe ObINO MNPOBEAEHO C Uenbl aHanuMsa BNUsHWSA
npeHaTanbHOM runepromoumctemHemun (NfTL) Ha nonynauumM HEMpOHamnbHbIX U
rnmasnbHbIX KNETOK TEMEHHOM KOPbI U rMnnokammna B paHHEM OHTOreHe3e KpbiC.

vnepromounctenHemus 6Gbina Bbi3BaHa y caMok Kpbic nyTem BeBegeHus 0,15%
BOAHOrO pacTtBopa MeTWoHMHa B nepvog ¢ 4 no 21 pgeHb GepemeHHocTu. bBbino
NpoaHanM3vpoBaHO pacnpefeneHne HevpoHarnbHbIX U MMuanbHbIX MapKepHbIX Gernkos
UMMYHONYOPECLLEHTHBIM aHanM3oM B NepBbI MeCsL, NoCNne poXaeHus.

B nepBbIt MecsiL, NOCTHaTanbHOro OHTOreHe3a kak B TEMEHHON KOope, Tak U B obnactu
CA1 runnokamna KpbIcaT, noaseprHyThix NITL, cHwkanock konm4ecTBo FOx3-no3nTUBHbIX
HENPOHOB C BbLITAHYTLIMW Tenamu, 4YTO CBMAETENbCTBYET O rMbenn MPOEKUMOHHBIX
nMpaMugHbIX HEMPOHOB. B TO xe Bpems, Kak B Kope, Tak U B rMnnokamne pasBuBanuncb
HenpoBocCnanuTenbHble NPOLECCHI, BbipaXkalolmecs B akTUBaLUM acTpoLmMTapHON munm v
MWKPOINAKM, MOBbLILIEHWN YPOBHSI MpOBOCMANWTENbHbIX UUTOKMHOB IL-18 un  IL-6.
OneKTPOHHasA MWKPOCKOMUSA Takke BblsiBUNa AereHepaTBHblE U3MEHEHUS B HEWpoHax Yy
nlTL, kpbicAT B nepBbIM MecsAl nocne poxaeHusd. Ha ynbTpacTpykTypHOM YpPOBHe
Habnoganocb HakonneHuwe NM3ocoM U aytodarocoMm B LMTOMNasMe Tena v OTPOCTKOB
HENPOHOB, HabyxaHne 3HOONNasMaTUYECKOro PETUKYNyMa U paspyLueHUe MUTOXOHOPUN.
Ha B3pocnon ctagun Habnoganucb OCTaTOYHblE MaTONOrM4yeckne U3MeHeHus, BK4Yas
XpoMaTonu3 1M HempodunaMeHTo3Hyto AereHepauuto. lMokasaHo, yto nlTL Hapywaet
CMHanToreHe3 U MMeNMHU3aLMIO Kak y MOnoablX, Tak U Y B3pOChbIX KpbIC. bbino nokasaHo,
yto nlTL, HapywaeT pacnpeneneHye NocTCUHaANTUYECKUX MapkepHbiXx 6enkos PSD-95 un
CMHanTonoAmMHa B ruMAnokamne, YTO ykasbiBaeT Ha CHWXKEHWe Konmyectsa NabunbHbIX
OEHOPUTHBIX LUMMNWKOB, B KOTOPbIX 3TW Benku konokanu3oBaHbl. Kak y monogplx, Tak u 'y
B3pocnbix Kpbic ¢ NIMTL, Habntoganock HEKOTOPOE CHMKEHWE COAEPXKaHUS TTIMKOMPOTENHA
MUenvHa OnuMrodeHApouMTOB, KOTOpbIM  yyacTByeT B cTabunu3auuu  MuenuHa.
OnNeKTPOHHasA MMUKPOCKOMUSA BbiSiBUA paccrioeHne CroéB MUenunHa Kak B runnokamne, Tak
U B MO30MUCTOM Tene Yy xuBoTHbix ¢ nlTL. Mpegnonaraetcsa, yto nlTL npuBogut K
rmbenn  HeWpoOHOB, HeWpoBocnaneHuto, aytodarun, gerpagaumm  MuenuHa wu
CMHanNTUYeCcKnux TepMmHanem, NPoBOLMPYS pa3BUTUE KOTHUTUBHOIO deduumTa.

lModdepxaHo Pocculickum Hay4YHbiM ¢poHOom (Ne 22-15-00393).
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MATERNAL HYPERHOMOCYSTEINEMIA DISTURBS THE FORMATION OF
NEURAL TISSUE IN NEOCORTEX AND HIPPOCAMPUS OF RAT BRAIN,
ACCORDING TO THE DATA OF CONFOCAL AND ELECTRON MICROSCOPY
Vasilev D.S." *, Tumanova N.L.", Shcherbitskaia A.D."?, Mikhel A.V."2,
Dubrovskaya N.M.", Arutjunyan A.V.2
1 Sechenov Institute of Evolutionary Physiology and Biochemistry RAS, Saint
Petersburg, Russia
2 Ott Research Institute of Obstetrics, Gynecology and Reproductive Medicine, Saint
Petersburg, Russia
*E-mail: dvasilyev@bk.ru

Maternal hyperhomocysteinemia causes the disruption of placental blood flow and can
lead to serious disturbances in the formation of the offspring’s brain. This study was
performed to analyze the effect of prenatal hypoxia on the populations of neuronal and
glial cells of the parietal cortex and hippocampus in early rat ontogenesis.

Maternal hyperhomocysteinemia (mHHC) was induced in female rats by
administration of 0.15% aqueous methionine solution in the period of days 4-21 of
pregnancy. The distribution of the neuronal and glial marker proteins was analyzed by
immunofluorescent analysis on first month after birth.

In the first month of postnatal ontogenesis in both parietal cortex and CA1 area of
hippocampus of mHHC pups, the number of Fox3-positive neurons with elongated bodies
decreased, which indicates the death of projection pyramidal neurons. At the same time,
both in the cortex and in the hippocampus, neuroinflammatory processes developed,
expressed in the activation of astrocytic glia and microglia, an increase in the level of pro-
inflammatory cytokines IL-1B and IL-6. Electron microscopy also revealed degenerative
changes in the neurons in mHHC pups during the first month after birth. Accumulation of
lysosomes and autophagosomes in the cell body and processes, swelling of the
endoplasmic reticulum and destruction of the mitochondria were observed at the
ultrastructural level. In adults residual pathological changes were observed including
chromatolysis and neurofilamentous degeneration of the neurons. It was also shown that
mHHC disturbs synaptogenesis and myelination in both young and adult stages. The
mHHC was shown to disturb the distribution of postsynaptic marker proteins PSD-95 and
synaptopodin in hippocampus suggesting the decrease of the labile dendritic spines where
these proteins are colocalized. In both young and adult mHHC rats there were some
decrease of the content of the oligodendrocyte myelin glycoprotein known to be involved to
stabilization of the myelin sheets. Electron microscopy revealed the separation of the
myelin sheets in both hippocampus and corpus callosum of mHHC animals. mHHC might
lead to the neuronal death, neuroinflammation, autophagia of the neurons, the degradation
of the myelin and synaptic terminals, leading to the development of the cognitive
disfunctions.

Supported by Russian Scientific Foundation (22-15-00393).
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BNMUAHUE ONTOMEHETUYECKOW CTUMYNALMU ACTPOLIUTOB HA KOTHUTUBHBIE
®YHKLUWU MbILEN C MOAENBIO BONE3HU ANbLIFEMMEPA
lepacumos E.WN.!, Epochees A.W.", BeanpoaeaHHsblii L.B."2, Bnacosa O.J1."*
' NaGopaTopus MonekynapHol HepoaereHepaumnm, CaHkT-MNeTepGyprekuii
MonutexHnyeckuin yHnsepcuteT NeTpa Benukoro, Pocecus
2 HOro-3anagHblii MeauMUMHCKUI LeHTp Texacckoro yHuBepcuteTa, dannac, wrat Texac,

*E-mail: olvlasova@yandex.ru

AcTpoumTbl, BAMSAKT Ha (YHKUMIO HEWPOHOB PasnuyHbiMKM crnocobamu, Hanpumep,
perynupys KOHLEHTPaLUO MOHOB 1 HEPOMEaNaTopoB, BbICBOOOXAAS FMUOTPAHCMUTTEPDI,
KOTopble MOryT AeWCTBOBaTb HEMOCPeACTBEHHO Ha peuenTopbl HEMPOHOB, MOAYNUPYS
BO3OYAMMOCTb HEWPOHOB, CUHANTUYECKylD nepedady WM NNacTUYHOCTb. ACTpouMTbl U
HEeMpoHbl B3aMMOAENCTBYIOT HanpsiMylo ¢ obpasoBaHMeM TpexyacTHOro cuHanca. [lpu
CTUMYNALMM  acTpouWTbl  FTEHEPUPYIOT  KanbuWeBble  BOMHbI  C  MOCMEAYHLWUM
BbICBODOXAEHNEM PA3NNYHBLIX FMMOTPAHCMUTTEPOB, HENPOMOAYNATOPOB U (PAKTOPOB,
perynupyroLLmx akTMBHOCTb HerpoHoB (Gorina Y. V., et al., 2022).

[nsa oueHKM BNNSHUA ONTOreHeTUYeCKon CTUMyNsaumMmn metTaboTponHoro peventopa Opto-
a1AR, aKcnpeccuMpyemoro B acTpouuTax, Ha KOFHUTMBHbIE (DYHKLMWM TPAHCrEHHbIX MbILLEN
nMHunM 5xFAD, a Takke Ha MOpPCONorMio AeHAPUTHBLIX LUWMUMKOB — MecTa obpasoBaHus
TpexyactHoro cuHanca, AAV-Opto-alAR-EYFP Obin WHXEKTMPOBaH B MMNMOKaMM MbIWN
BO3pacTa 6 Mec., U UMMNMaHTMPOBaHO OMTOBOMOKHO Haf 0bnacTblo rmnnokamna. CBeToBble
napameTpbl ANS aKTVBaLMK ONTOKOHCTPYKTa COCTaBNAaNM 5 MUH MMMYNbCOB ANUTENBHOCTLIO
100 mc ¢ uHTepBanom 1 ¢ (Gerasimov E.I., et al., 2022). Mo pe3ynbTatam NoBegEHYECKOrO
Tecta fear conditioning 6610 3adhMKCMPOBAHO OTCYTCTBUE (DOPMUPOBAHUS AONTOBPEMEHHOW
namsitu Ha 10 OeHb y TpaHCreHHbIX Mbiwer nuHum 5xFAD (Bpemsi 3amupanus (T) — mepa
namsaT1 B gaHHoM Tecte, 0o ToHa: 19.53 + 9.33% wu Bo Bpems ToHa: 21.22 + 4.07 %, n=6,
p=0.88, t-Tect CtblogeHTa). OnTOreHeTMYeCKass CTUMYMSALUMA NpuBena K YBENMYEHWUIO T Ha
10 peHb (go ToHa: 20,32 + 9,39%; Bo Bpemsi ToHa: 51,17 + 7,55%, n=7 ana OByx 3HA4YeHWUN,
p=0,038, Tect MaHHa—YuTHu). AHanus wmopdonorMm AeHOPUTHBIX LIUMAWKOB MoKasan
3HaUUTENbHOE YMEHbLUEHWEe MNOTHOCTU FPUOOBMAOHLIX LUMMMKOB Y TPaHCrEHHbIX MbIen
nvHum 5XFAD no cpasHeHwio ¢ Ankum Tunom (32.52% + 1.19% u 48.88% + 1.2%, p <
0.0001), B TO BpeMs kak B rpynne nocrne 5-gHEeBHOM OMTOreHeTUYECKON CTUMYNALMM
Habntoganock BOCCTaHOBIEHNE UX NNOTHOCTM (5XFAD-aken: 46.14% + 0.9% vs WT-KOHTpOnb:
48.88% £ 1.2%, p> 0.99).

B aTom nccnegoBaHum Gb1no onpeaeneHo, YTo UMNYNbCHBIA PEXUM ¢ napameTpamu T =
1 ¢, t = 100 Mc oka3blBaeT BNusiHe Ha hOPMMPOBaHME AONTOBPEMEHHOW MIACTUMHOCTM B
Mozenu Mbllen ¢ 6onesHbo AnbLrenvepa.

Paboma ebinonHeHa ripu noddepxke epaHma Pocculickoeo Hay4Ho20 ¢hoHOa Ne 20-65-
46004 (O/1B).
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EFFECT OF OPTOGENETIC STIMULATION OF ASTROCYTES ON COGNITIVE
FUNCTIONS OF MICE WITH ALZHEIMER'S DISEASE MODEL
Gerasimov E.I. ", Erofeev A.l.', Bezprozvanny |.B."?, Vlasova O.L.":*

' Peter the Great Saint Petersburg Polytechnic University, Saint Petersburg, Russia
2 University of Texas Southwestern Medical Center, Dallas, TX, USA
*E-mail: olvlasova@yandex.ru

Astrocytes affect the function of neurons in various ways, for example, by regulating
the concentration of ions and neurotransmitters, releasing gliotransmitters that can act
directly on the receptors of neurons, modulating their excitability, synaptic transmission
and plasticity. Astrocytes and neurons interact directly to form a three-part synapse. When
stimulated, astrocytes generate calcium waves followed by the release of various
neurotransmitters, neuromodulators and factors regulating the activity of neurons (Gorina
Y. V., etal, 2022).

To assess the effect of optogenetic stimulation of the metabotropic Opto-a1AR receptor
expressed in astrocytes on the cognitive functions of transgenic mice of the 5xFAD line, as
well as on the morphology of dendritic spines — the site of the formation of a three-part
synapse, AAV-Opto-a1AR-EYFP was injected into the hippocampus of mice aged 6 months
and an optical fiber was implanted over the hippocampal region. Optostimulation parameters
were 5 minutes of pulses with a duration of 100 ms with an interval of 1 s (Gerasimov E.I., et
al., 2022). According to the results of the fear conditioning behavioral test, the absence of
long—term memory formation on day 10 was recorded in transgenic mice of the 5xFAD line
(the duration of freezing is a measure of memory in this test, up to a tone: 19.53 £ 9.33% and
during tone: 21.22 + 4.07%, n=6, p=0.88, Student's t-test). Optogenetic stimulation led to an
increase in the freezing time by 10 days (before tone: 20.32 + 9.39%; during tone: 51.17% +
7.55%, n=7 for two values, p=0.038, Mann-Whitney test). Analysis of the morphology of
dendritic spines showed a significant decrease in the density of mushroom spines in
transgenic mice of the 5xFAD line compared with the wild type (32.52% + 1.19% and 48.88%
+ 1.2%, p <0.0001), while in the group after 5-day optogenetic stimulation, their density was
restored (5xFAD-exp: 46.14% + 0.9% vs WT-control: 48.88% + 1.2%, p> 0.99).

It was determined that the pulse mode with parameters T = 1 s, t = 100 ms affects the
formation of long-term plasticity in a model of mice with Alzheimer's disease.

Supported by the grant of the Russian Science Foundation No. 20-65-46004 (OLV).
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MPUMEHEHUE METOOA MUHUATIOPHON ®NTYOPECLIEHTHOM MUKPOCKOMWUU
AN KONMMYECTBEHHOIO AHANU3A AKTUBHOCTU HEMPOHHbIX CETEN
lepacumos E.N."*, MuteHes A.B.", Muunukas E.N.", Epodees A.L.!, YykaHos B.C.,
Bnacosa O.J1.", BeanpoaeaHHbi U.B."2
" CaHkT-lMeTepbyprckuil NoNIMTEXHUYECKNIA UHCTUTYT MeTpa Benukoro YHuBepcuTerT,
Cankr-lNeTpebypr, Poccus
2 lOro-3anagHblit MeaMUMHCKUIA LeHTp Texacckoro yHuBepcuteTa, annac, wrar Texac,
CLWA
*E-mail: Evgeniigerasimov1997@gmail.com

Busyanusaums HelpoHanbHOW akTUBHOCTM ONpeaenéHHON 06nacTu rofoBHOrO Mo3ra
cBOOOAHO MepenBUraloLLEerocst X)XMBOTHOTO iN Vivo NO3BONSAET NOMyYnNTb OBLWMPHBIA Maccus
uHdopMauuM o naTTepHax paboTbl HEMPOHOB, W3MEHEHUM B WX BO3ByAMMOCTM W
B3aumocBsasn mexay apyr gpyrom (Rubinov M., Sporns O., 2010). MeToa, KOTOpbIi
MO3BOSISIET BU3yanu3npoBaTb aKTUBHOCTb B LIENIOM HEWPOHHBLIX CETEN OTAENOB rofIOBHOMO
MOo3ra — MMUKPOCKOMUS C npuMeHeHnem muHuckona (Gerasimov E.l., et al., 2022). Mpwu
macce B 3 rpamma MyHWUCKon obnagaeT paspelleHnem, 4OCTaTouHbIM Ans BUsyanusaumm
OTAenNbHbIX HEMPOHOB, YTO MO3BOMSIET PErMCTPUPOBaTb U3MEHEHUs B paboTe HenpoHOB
NPV NOMOLLIM IKCNPECCUN B HUX FEHETUYECKN KOAMPYEMbIX KanbLMEBbIX UHANKATOPOB.

B paHHOM uccnepmoBaHum uHbekuus Bupyca AAV-GCaMP6f Obina BbiNonHeHa B
rmnnokamn 5-MecsyHbIX AMKUX Mblwen nuHun B6SJL, n vyepes 3 Hegenn Hag obnactbio
WUHTepeca uKcMpoBanacb rpagueHTHas nuH3a u nocregyrowas dukcaumsa OnopHowm
nnowagaku. ViameHeHuss ypoBHSA KanbUWsi perMcTpupoBanmcb ¢ nomoulbto Miniscope v3 B
TecTe «OTKpbIToe noney». [Ons KONMUYECTBEHHOrO aHanu3a MosyYeHHbIX AaHHbIX 06
aKTUBHOCTW HelpoHOB 6bin pa3paboTaH NpPorpaMMHbIN NakeT, peanu3oBaHHbIA Ha A3blke
nporpaMMupoBaHust  python, no3BonswLWMA  KONMMYECTBEHHO OLEHWUTb NapameTpbl
HEMpoHHOW ceTu. Ha nepBom 3Tane onpeaensetcs akTMBHOE COCTOSIHME HEeWpOHOB.
HeWpoH akTuBeH, ecnv Npou3BOAHAas €ro curHana npeBbIaeT NOpPOroBOE 3HAYEHWE.
[anee npou3BOAWTCHA BbIYUCMEHWE CTaATUCTUK, OMUCHIBAIOLMX MOBEAEHUE HENPOHHOMN
CeTU: YPOBEHb aKTUBHOCTU HEMPOHHOW CEeTW — napameTp, OTOOpaxaroLMIi KONMYECTBO
aKTUBHBLIX HENPOHOB 3a OMpeAerieHHbI NPOMEXYTOK BPEMEHW; BCMNecKkoBas aKTUBHOCTb
HENPOHOB — NpeacTaBnsieT cobon KONMMYECTBO «aKTMBALMW KNETKU» 3a OnpeferneHHbIn
NMPOMEXYTOK BPEMEHW; KOMWYECTBO MOMapHbIX KOppensauui Mexagy HenpoHamu C
npumMeHeHnem koadpdmumeHta lNupcoHa. Ha ocHoBe 3HayeHWn MonapHbIX Koppensauun
NPOM3BOANTCHA aHanu3 CBSA3HOCTU CeTW (OONS CBSA3aHHbIX HEMPOHOB B 3aBUMCUMOCTU OT
MOPOroBOro YpOBHSI) M aHanu3 3aBWCMMOCTM 3Ha4YeHust koadduumeHta [lMupcoHa oT
PacCTOSHMSA MexXay KOpPenupYLWUMN HENPOHaMM.

Paboma ebinonHeHa npu noddepxke epaHma PH® Ne 22-15-00049 (UB).
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METHOD OF MINIATURE FLUORESCENCE MICROSCOPY FOR QUANTITATIVE
ANALYSIS OF NEURAL NETWORK ACTIVITY
Gerasimov E.I." *, Mitenev A.V.", Pchitskaya E.l.", Erofeev A.l.', Chukanov V.S.",
Vlasova O.L.", Bezprozvanny |.B."?
' Peter the Great Saint Petersburg Polytechnic Institute University, Saint Petersburg,
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2 University of Texas Southwestern Medical Center, Dallas, TX, USA
*E-mail: Evgeniigerasimov1997@gmail.com

Visualization of the neuronal activity of a certain area of the brain of a freely moving
animal in vivo allows to obtain an extensive array of information about the patterns of
neuronal activity, changes in their excitability and the connections between each other
(Rubinov M., Sporns O., 2010). A method that allows you to visualize the activity of neural
networks of brain departments in general is microscopy using a miniscope (Gerasimov E.I.,
et al., 2022). With a mass of 3 grams, the miniscope has a resolution sufficient to visualize
individual neurons, which makes it possible to register changes in the work of neurons
using the expression of genetically encoded calcium indicators in them.

In this study, an injection of AAV-GCaMP6f virus was performed into the hippocampus
of 5-month-old wild mice of the B6SJL line, and after 3 weeks a gradient lens was
implanted over the area of interest with the following baseplate fixation. Changes in
calcium levels were recorded using Miniscope v3 in the "open field" test. For the
quantitative analysis of the obtained data on the activity of neurons, a software package
was developed, implemented in the python programming language, which allows
quantifying the parameters of a neural network. At the first stage, the active state of
neurons is determined. The neuron is active if the derivative of its signal exceeds the
threshold value. Next, statistics describing the neural network are calculated: the activity
level of the neural network is a parameter that displays the number of active neurons for a
certain period of time; burst rate of neurons — represents the number of "cell activations"
over a certain period of time; the level of pairwise correlations between neurons using the
Pearson coefficient.

The presented approach to the study of the work of neural networks of the brain, in
particular the hippocampus, will allow to identify and register violations in their work in
pathological conditions of the brain in neurodegenerative diseases, including Alzheimer's
disease.

Supported by the grant of the Russian Science Foundation No. 22-15-00049 (IB).
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CO30AHUE ®OTOPEIYNUPYEMbIX CUCTEM PEOAKTUPOBAHUA TEHOMA
CRISPR/CAS9 C UCNONb30OBAHMEM LIMKINMUYECKUX POTOPACLLENNAEMbIX
ONUIrOHYKNEOTUAOB
lopnenko E.C."2*, CakoBuHa J1.B.'2, HosonawwuHa O.C."2
" HoBocuBMpCKUi rocyaapcTBEHHbIN YHUBEpPCUTET, HoBoCKBupck, Poccust
2 IHCTUTYT XUMUYecKoi Bronorum n yHaameHTansHon meguumHel CO PAH,
HoBocnbupck, Poccust
*E-mail: e.gorlenko@g.nsu.ru

AKTyanbHoW 3agaden MonekynsipHoM U CUHTETUYECKON BUonorun SBnseTcs co3gaHune
cucteM reHomHoro pepaktupoaHuss CRISPR/Cas9 ¢ perynupyemon akTUBHOCTbLIO.
BBegeHne  OTOYYBCTBUTENbHBIX  KOMMOHEHTOB B COCTAB  OfIMMOHYKNEOTUOHbLIX
KOHCTPYKUMIA obBecneynBaeT HEWHBA3VBHYIO PErynauuMi CUCTEMbl MyTEM OGnyveHus
CBETOM OMpedeneHHON AfVHbI BOSHbI C BbICOKMM MPOCTPAHCTBEHHBIM UM BPEMEHHBIM
paspeLueHneM.

Llensto  paboTtbl  siBNsieTca  pa3paboTka NOAXOAOB K CO34aHUD  CUCTEM
pefakTMpoBaHWs reHoma, AeNCTBME KOTOPbIX MOXHO perynupoBatb nytem Y®-o6nyyeHus.

C wucnonb3oBaHWEM crieumnanbHO MofyvyeHHoro docdutammaga Ha ocHoBe 1-(2-
HUTpodbeHnn)-1,2-ataHamona (PL) TBepaodasHbim dochutammaHbiM METOAOM nonyyanu
hoToMoaNULMPOBaHHLIE ONUIOHYKINEOTUAbI, coaepXalyne pyHKUMOHarbHbIEe rpynnbl Ha
3’- n 5’-koHuax. Limknnsaumio CUHTE3NPOBaHHbLIX ONIMIOHYKNEOTMAOB NPOBOAMIIN METOL0M
asug-ankMHOBOro  uuknonpucoeauHeHnss B npucytctBum  Cu(l). Tpu  obnyveHun
LMKIMYecknx potopacLlennsemMblX ONMroHykneotnaoB Y®-ceeTomMm AnnMHOM BOSHbI 365 HM
Oblna NPOAEMOHCTPUPOBaHa NX CNOCOBGHOCTb K NMHeapusaumu.

Ons npoBepkn 3dpEeKTMBHOCTN OENCTBUMSA CUCTEMbI B KayecTBe MOAENbHOro
cybcTpaTta mcnonb3oBanu nnasmuay, copgepxailyio motue PAM n yyacTok ysHaBaHusi
cuctemonn CRISPR/Cas9. «BknodeHne» CUCTEMbl  OCYLLECTBNSAAM C  MOMOLLbIO
LIMKITNYECKNX HanpasnALLLNX crPHK, coepxatymx 2’-MmoanMumpoBaHHbie
puOOHYKNeoTMAbl M OAMH uWnM  ABa  doTopacliennsaemblX NuMHKepa. YBenuueHue
achdpekTnBHoCcTM pacwennenns OHK Habniopanu 3a cyeT nuHeapusauum crPHK npu
obnyyeHun cuctembl  YP-ceeToMm. [OnsA  «BbIKMOYEHUsI»  CUCTEMbl  paspaboTaHbl
uMKNMyeckne GnokUpyLME ONUIOHYKNeoTUabl € hoTopacluennsaeMbiMy FIMHKEpamu,
crnocobHble nocne nvMHeapu3auuMn cBa3biBaTb Hanpasnswowy PHK u 6nokupoBatb
nenctene cuctembl. [lokasaHo cHwxkeHne addektTmBHOCTM pacwennenuns OHK Ha 15%
nocrne obny4yeHnst Npy NCNoNb30BaHUN BITOKMPYIOLLMX OSNIMIOHYKNEOoTUAOB.

MonyyeHHble  pe3ynbTaTbl MNOATBEPXOANT  MEPCMEKTUBHOCTb  NPEaSIOKEHHbIX
NMOAXOAOB K MCMOSb30BaHMIO hoTOopacLLensisieMblX LMKIMYECKUX ONUMIroHyKNeoTuaoB B
cocTaBe cuctemMbl pegaktupoBaHusa reHoma CRISPR/Cas9 ons perynsaumm ee akTMBHOCTW.

Paboma ebinonHeHa npu noddepxke epaHma PH® Ne 22-14-00294.
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DEVELOPMENT OF PHOTOREGULATABLE CRISPR/CAS9 GENE EDITING
SYSTEMS USING CYCLIC PHOTOCLEAVABLE OLIGONUCLEOTIDES
Gorlenko E.S."2 * Sakovina L.V.'2, Novopashina D.S."2
" Novosibirsk State University, Novosibirsk, Russia
2 Institute of Chemical Biology and Fundamental Medicine SB RAS, Novosibirsk, Russia
* E-mail: e.gorlenko@g.nsu.ru

The actual problem of molecular and synthetic biology is the development of
CRISPR/Cas9 gene editing systems with regulated activity. The integration of
photosensitive components into the oligonucleotide structure provides non-invasive
regulation of the system by irradiating with light of a certain wavelength with high spatial
and temporal resolution.

The goal of this work is the development of photoregulatable CRISPR/Cas9 gene
editing systems using cyclic photocleavable oligonucleotides.

Using a specially prepared phosphoramidite, based on 1-(2-nitrophenyl)-1,2-
ethanediol (PL), photomodified oligonucleotides containing functional groups at the 3'- and
5’- ends were obtained by the solid-phase phosphoramidite method. The cyclization of the
synthesized oligonucleotides was carried out using the azide-alkyne cycloaddition method
in the presence of Cu(l). The ability of cyclic photo-cleavable oligonucleotides to linearize
was demonstrated upon irradiation with UV light with a wavelength of 365 nm.

For investigation the effectiveness of the system we used a plasmid, containing a PAM
motif and a CRISPR/Cas9 recognition site, as a model substrate. The "activation" of the
system was carried out using cyclic guide crRNAs containing 2'-modified ribonucleotides
and one or two photocleavable linkers. Increasing efficiency of DNA cleavage was
observed due to the linearization of crRNA upon irradiation of the system with UV light. For
"turning off" the system we designed and synthesized cyclic blocking oligonucleotides with
photocleavable linkers, which can bind to the guide RNA after linearization and block the
activity of the system. We observed the 15% reduction in the efficiency of DNA cleavage
after irradiation with the use of blocking oligonucleotides.

Therefore, the results confirm the potential of proposed approaches to the usage of
photocleavable cyclic oligonucleotides as a part of the CRISPR/Cas9 gene editing system
to regulate its activity.

Supported by the grant of Russian Science Foundation 22-14-00294.
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XEMOIrEHEHTUYECKWU UHAYLUUPOBAHHbIA OKUCIIUTENbHbLIA CTPECC B
HEPBHbIX KNTETKAX CHUXAET CUHANTUYECKYHIO MIACTUYHOCTb
Dxannu ., Kanunnuenko A.J1.23, Contoc .M.2, Manbues [.11."2, MyxameTwuHa J1.9.23,
BorgaHosa KO.A.4, Cokonos P.A.4, MoweHko A.A.", MoagropHein O.B."25 Posos A.B. '*,
Benoycos B.B."2%

' depepanbHbIi LEHTP Mo3ra v HeilpoTexHonorui, Mockea, Poccusi; 2 MHcTuTyT
BGuoopraHmyeckon xumun um. ak. M.M. LLemsiknHa n FO.A. OBunHHMKoBa, Mocksa, Poccus;
3 MockoBcKkuit rocyaapcTBeHHbI yHuBepcuTteT um. M.B. NlomoHocoea, Mockea, Poccust; 4
Poccuickuin HaumoHaneHbIN NccneaoBaTenbCkUn MeANLUMHCKUIA yHuBepcuTeT umenn H. U.
Muporoea, Mockea, Poccust; ® LIeHTp BLICOKOTOYHOMO peaakTMpPOBaHNUSA U FeHETUYECKMX
TexHonorun anst GuomeanuUUnHbI, POCCUACKUIA HALMOHarbHBIN UCCNeaoBaTenbCKuii
MeanumHcknn yHusepcuteT umenn H. W. MNMuporosa, Mockea, Poccus
*E-mail: rozov1511@gmail.com

Cpeavn Opyrux KneTok opraHuama HerpoHbl SIBASOTCS Havboree 4yBCTBUTENbHLIMU
KneTkamMuM K OKUCMUTEnbHOMY cTpeccy. [NnaBHbIMM MpUYMHAMK 3TOrO  SIBMSKOTCH
WHTEHCUBHBIA SHEpreTnYecknin MeTabonmam n 0CO6EHHOCTY CTPOEHNS MembBpaH HepPBHbIX
knetok. CTapeHve Mo3ra W HenpogereHepaTMBHble 3aboneBaHus Takue, kak OGonesHb
Anburemepa u 6onesHb [lapkMHCOHa, Bcerga COMPOBOXAAKTCH  OKUCAMTENbHbLIM
CTPeCccoM HenpoHoB. [loaToMy €ero 4acTto paccMaTpuBalT Kak MpUYMHY  Takux
naTonorn4yecknx coctosHuin. OgHako A0 CUMX MNOp HeT MpsAMbIX AoKasaTensCTB 3TOro.
CBs3aHO 3TO C OTCYTCTBMEM METOAONOMMA Ans MOAENMPOBAaHNA  U30NMPOBaAHHOMO
oKkucnuTensHoro ctpecca. B csoen pabote Mbl npumeHsiem okcuaasy D-amuHokucnor
(DAAOQ) 13 gpoxoken aAnsa Toro, 4Tobbl co3aaTh N30NMPOBaHHbIA OKUCIMTENBHLIN CTPECcC B
HenpoHax nytem XeMOreHeTN4YeCcKon npoaykuum nepokcuaga Bogopoaa.
MpoakcnpeccnpoBaB B KynbTUBUMPYEMbIX HEMPOHaX M3 3MOPUOHANbHOrO Mo3ra MbllLein
DAAO wnu ero wuHakTMBupoBaHHbIM MyTaHT DAAO(R285A) (KoHTponb) BMecTe ¢
reHeTM4Yeckn KoaMpyemblM CEHCOPOM Ha nepokcua Bogopofa HyPer7, mbl nokasanu, 4Tto
pobasneHune k HeripoHam ¢ DAAO D-HopBanuHa BbI3bIBAeT MPOAYKLMIO B HUX Nepokcuaa
Bogopoda. Torga Kak Ha KOHTPOnbHble KNeTkn gobaBneHune cybctpaTta He BnusieT. Ons
TOro, 4TOObl M3yunTb dumanonormdeckme addeKkTbl XemMoreHeTM4eckn npoayLMpyemMoro
nepokcvaa Bogopoaa, BupycHele Bektopa ¢ DAAO vnm ero MHakTMBUPOBAHHBIM MYTaHTOM
[OCTaBnNsanuck B nupamuHble Helpodbl nonsa CA1 runnokamna B3pochbiX Mblwen. B
3NeKTOPEU3NONMOrMYECKMX IKCMEPUMEHTAX Ha NEPEXMBAIOWMX cpesax rmnnokamna Mol
0BHapyXunu, 4T0 XeMOoreHeTM4eCKN NHAYLMPOBAHHBIN OKUCIUTENbHBIV CTpecc nogasnseT
[OONTOBPEMEHHYIO MOTEHUMAUMIO, OOWH W3  MEXaHW3MOB KIETOYHOW namsTh. 370
pe3ynbTaT NnokasbiBaeT, YTO B YCMOBUSX OKMCMMTENbHOrO cTpecca ObICTPO «CTUpaeTcs»
namsiTb HEMPOHOB. Halum HabntoaeHusl, BEPOSITHO, 06 BSACHSIOT npoLecchl, Npoucxoasiiue
npu BO3pacTHOW AeMeHuuW, KOrda elle He Havanu paspyliaTtbCsi HEepBHble CBA3U U
AereHepupoBaTb HepBHble KNeTkW. [lonyyeHHble Hamu pesynbTaTbl UMEKT BaXHoe
3HayeHWe ONns NPOBEpPKM TUMoTe3bl O PONM OKUCIUTENBHOIO CTpecca B naToreHese
HempopereHepaTBHbIX 3abonesBaHuini U AnNA co3gaHns Gonee peneBaHTHbIX Moaenewn
Takux 3aboneBaHuii AN M3y4eHNss MexaHW3MOB NaToreHe3a Ha OCUMMTOMHbIX CTaausIX.

lpoekm noddepxaH e2paHmamu PH® NeNe 20-15-00280 (O.B.f1) u 22-15-00293
(A.B.P).
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CHEMOGENETICALLY INDUCED INTRANEURONAL OXIDATIVE STRESS AFFECTS
SYNAPTIC PLASTICITY
Jappy D.", Kalinichenko A.L.23, Solius G.M.2, Maltsev D.l.2, Mukhametshina L.F .23,
Bogdanova Y.A.4, Sokolov R.A.4, Moschenko A.A.", Podgorny 0.V."25, Rozov A.V. '*,
Belousov V.V.!:25
' Federal Center of Brain Research and Neurotechnologies, Moscow, Russia; ?
Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry, Moscow, Russia; 3 Lomonosov
Moscow State University, Moscow, Russia; # Pirogov Russian National Research Medical
University, Moscow, Russia; ® Center for Precision Genome Editing and Genetic
Technologies for Biomedicine at Pirogov Russian National Research Medical University,
Moscow, Russia
*E-mail: rozov1511@gmail.com

Among other cells in the organism, neurons are the most sensitive cells to oxidative
stress. This sensitivity is linked to intensive energy metabolism and properties of neuronal
cell membranes. Brain aging and neurodegenerative diseases such as Alzheimer's and
Parkinson's are always accompanied by oxidative stress on neurons. Therefore, oxidative
stress is often considered as the cause of such pathological conditions. However, there is
still no direct evidence that support this view. This is due to the lack of methodologies for
modeling isolated oxidative stress. In our work, we use yeast D-amino acid oxidase
(DAAO) to emulate isolated oxidative stress in neurons through the chemogenetic
production of hydrogen peroxide. By expressing DAAO or its inactivated mutant
DAAO(R285A) (control) in cultured neurons from the embryonic mouse brain together with
the genetically encoded hydrogen peroxide sensor HyPer7, we showed that the addition of
D-norvaline to neurons with DAAO causes the production of hydrogen peroxide. Whereas
the addition of the substrate does not have any effect on the control cells. In order to study
the physiological effects of chemogenetically produced hydrogen peroxide, viral vectors
with DAAO or its inactivated mutant were delivered to the pyramidal neurons of the CA1
field of the hippocampus of adult mice. In electrophysiological experiments on acute
hippocampal slices, we found that chemogenetically induced oxidative stress suppresses
long-term potentiation, one of the mechanisms of cellular memory. This observation
probably explains the processes that occur in age-related dementia prior to appearance of
obvious neurodegeneration. Our results are important for verifying the hypothesis of the
role of oxidative stress in the pathogenesis of neurodegenerative diseases and for creating
more relevant models of such diseases for studying the mechanisms of pathogenesis.

The project was funded by RSF grants No. 20-15-00280 (to O.V.P.) and No. 22-15-
00293 (A.V.R.).
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XEMOTIEHETUYECKUA AHATNU3 TMYTAMATEPIMYECKOWM PEIYNALUUK
TPEBOXHOCTU X AENPECCUBHO-NOAOBHOIO NOBEAEHUA KPbIC

«MOAPOCTKOBOIO» U «B3POCIION0» BO3PACTOB MUHOANUHON

Obirano H.H."2* NOposg Y.C."?, Bynbiruta B.B.!, KanuHiuHa T.C.12, Kombiwesa H.M.",
LWvwkmHa I.T.!, NaHwakos [. A.12
" IHCTuTyT umntonorum u reHeTtukn CO PAH, HoeocunGupck, Poccust
2 HoBoCMBUpPCKII FTOCYAapCTBEHHLIV YyHUBEepCUTeT, HoBocuGupcek, Poccus
* E-mail: dygalo@bionet.nsc.ru

C NCMNonb30oBaHnem XeMOreHeTn4eckoro nogxoaa BbISICHSMN ponb
rnyTamaTeprmyecknx HeMpOHOB MUHAANWUHbLI B PErynsiuMn TPEBOXXHOMO U OEnpPeCcCUBHO-
nogobHOro NoBedeHNe XXUBOTHbIX «MOAPOCTKOBOrO» M «B3pOCINoro» Bo3pacTtos. [na atoro
HeoHaTarnbHbIM MU B3POCHbIM camLuaMm KpbiCc GunaTtepanbHo B MUHAanuHy seoaunu AAV
BEKTOPbI, 3KCTpeccupyowme B rrnyTamaTtepruyeckux HenpoHax DREADDs (Designer
Receptors Exclusively Activated by Designer Drugs), kotopble nog BnusHuem Clozapine-
N-oxide (CNO): nobiwanu (CaMKlla-hM3D(Gq)-mCherry), cHmxkanu (CaMKlla-hM4D(Gi)-
mCherry) nnm He mensinu (CaMKIlla-Egfp) aktuBHOCTb HenpoHoB. Yepes 4 Hegenu nocne
BBeJeHUs BekTopoB, dnyopecueHuus mCherry n Egfp, a Takke mPHK DREADDs
NnoaTBEPAUIIA  3KCMPECCU0 BEKTOPOB B  MuHAanuHe. CTUMyNSUMS  akTUBUPYIOLLETO
DREADD ocnabnsana 4epe3 30 MUH NposiBrieHve AenpeccMBHO-NOA0OHOrO noseaeHus B
TecTe «nogapewwmBaHne 3a xBocT» (TST) momogblXx M B3POCAbIX KPbIC, KOTOPOMY
conyTcTBoBano nosbiweHne yposHs MPHK bdnf B npedpoHTanbHOM Kope No cpaBHEHUIO C
OTBETaMM XMBOTHbLIX COOTBETCTBYIOLLMX BO3PACTOB, NOMy4aBLUMX BBEOAEHNE B MUHAANWNHY
WHMMOUPYIOLWMX  UNW  HEWTpanbHblX BekTopoB. B otnnumne ot  TST, BnusHue
XeMOreHeTUYeCKNX BO3EeNCTBUA Ha TPEBOXHOCTb B TECTE «CBETMbIN/TeMHBbIN 6oke» (LDB)
B3POCMbIX W HBEHUMbHbBIX XMBOTHBLIX CYLLECTBEHHO pasnuyanocb. Bapocnble Kpbicbl €
3KCnpeccnen B MUHAANUHE BEKTOpa, YrHeTawLWwero akTMBHOCTb HEMPOHOB, CKPbIBanuch B
TemHom oTceke LDB B 3 pasa ObicTpee, YeM XXMBOTHblE BCEX OCTallbHbIX IPymM.
BosmoxHasa npuyMHa Takoro MNOBEeAEHWS B3POCHbIX XXUBOTHbIX MOrna COCTOATb B
CHWXEHUN aKTUBHOCTW rfyTamaTeprmyecknx HEWPOHOB MUHAANMHbI, OLEHEHHOW no
ypoBHo Oenka c-Fos, n cogepxaHus BDNF B 3Tux HenpoHax, obecneuymBatoLlero, kak
cuMTaeTcsi, MoBEAEHYECKUA OTBET Ha cTpecc. B uenom, BrnepBble OGHapyXeHO, 4TO
XeMoreHeTnyeckas mMoaynaums aKTUBHOCTY rnytamateprmyecknx HENpoOHOB
6asonartepanbHON MUHOAMUHBI MOMOABLIX U B3POCHbIX KPbIC BbI3bIBAET Kak HE3aBUCUMMbIE
OT BO3pacTa, Tak M Bo3pacT-cneuuduyeckne mameHeHus akcnpeccum BDNF B moasre,
HEKOTOpbIE N3 KOTOPbIX CMNOCOGHBLI 06YCNOBNMBAaTL BO3PACTHbIE 0COBEHHOCTM NOBEAEHMUS.

BbinonHeHue pabombl  noddepxaHo epaHmom P®OU (Ne 20-015-00129) u
6r0dxxemHbim npoekmom ULjul” CO PAH (Ne FWNR-2022-0023).
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CHEMOGENETIC ANALYSIS OF GLUTAMATERGIC REGULATION OF ANXIETY AND
DEPRESSION-LIKE BEHAVIOR IN "ADOLESCENT" AND "ADULT" RATS BY
AMYGDALA
Dygalo N.N."2* Drozd U.S."2, Bulygina V.V.!, Kalinina T.S."2, Komysheva N.P.,
Shishkina G.T.!, Lanshakov D.A."2
" Institute of Cytology and Genetics, Siberian Branch RAS, Novosibirsk, Russia
2 Novosibirsk State University, Novosibirsk, Russia
* E-mail: dygalo@bionet.nsc.ru

The role of amygdala glutamatergic neurons in the regulation of anxiety and
depression-like behavior in "adolescent” and "adult" animals was investigated using
chemogenetics. For this, neonatal or adult male rats were injected bilaterally into the
amygdala with AAV vectors expressing in glutamatergic neurons DREADDs (Designer
Receptors Exclusively Activated by Designer Drugs), which, upon binding to Clozapine-N-
oxide (CNO): increase (CaMKIlla-hM3D(Gq)-mCherry), decrease (CaMKlla-hM4D(Gi)-
mCherry) or do not change (CaMKIlla-Egfp) neuronal activity. Four weeks after the
injection of the vectors, mCherry and Egfp fluorescence as well as DREADDs mRNA
confirmed the expression of the vectors in the amygdala. Stimulation of the activating
DREADD increased the antidepressant-like behavior in the tail suspension test (TST) of
rats of both ages, at 30 min after CNO injection. This was accompanied by an increase in
the levels of bdnf mMRNA in the prefrontal cortex compared to animals of other groups of
corresponding ages. In contrast to TST, the effects of chemogenetics on anxiety in the
light/dark box test (LDB) in adult and juvenile animals differed significantly. Adult rats
expressing in the amygdala vector that inhibits neuronal activity hid in the dark LDB
compartment 3 times faster than animals of all other groups. A possible reason for this
behavior in adults may be a chemogenetical inhibition of the glutamatergic neurons activity
in the amygdala, as was shoun by the decreases in the levels of c-Fos and BDNF proteins
in these neurons, which is believed to modulate behavioral responses to stress. In general,
it was found for the first time that chemogenetic modulation of the activity of glutamatergic
neurons in the basolateral amygdala of young and adult rats causes both age-independent
and age-specific changes in BDNF expression in the brain, some of which can determine
age-related behavioral features.

Supported by RFBR (Ne 20-015-00129), and the budget project of ICG SB RAS (Ne
FWNR-2022-0023).
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PA3PABOTKA MUKPOJJEKTPOLOA AN COBMELLEHUA METOAOB
PEMMCTPALIUU SNEKTPO®U3UONOMMYECKON AKTUBHOCTU U KANbLIMEBOW
BU3YANU3ALMN HEMPOHOB M’MMNMOKAMIA MbILUEW IN VIVO.
Epodeer A.N.", BuHokypos E.K."*, Bnacosa O.J1.", Beanpo3saHHbii 1.B."-2
" CaHkT-lMeTepbyprckuit nonMTexHuYeckuii yuusepcuteT MeTtpa Benukoro,
Cankr-lNeTepbypr, Poccus,

2 lOro-3anagHblii MeaMUMHCKUIA LeHTp Texacckoro yHuesepcuteTa, [lannac, wrat Texac,
CLA

*E-mail: eg.vinokurov@yandex.ru

TexHonorna NpMXuU3HEeHHON KanbLMeBOW BM3yanusaumy C MOMOLLbI0 OAHO(OTOHHOIo
MWHWATIOPHOTO PNyOPECLEHTHOro MMUKpOCKoNna (MMHWUCKONA) ABMSIETCA COBPEMEHHBIM U
MOLLHBLIM MHCTPYMEHTOM [Afsi UCCNeaoBaHUsi HEMPOHHbLIX CETEN B pasnuyHbIX obnactsax
Mo3ra. Mcnonb3oBaHWe MUHMCKONA MO3BOMSIET PErMCTPUPOBaTbL HEWPOHHYI aKTUBHOCTb
Ha cBOOOOHO MepeaBUratoLLMXcs NabopaTopHbIX XUBOTHBIX, B OTMYME OT TPaaMUMOHHO
npuMeHsieMon AByX(OTOHHOW BU3yanusauum.

CeMeNncTBO reHeTUYecKkM KoaumpyembliXx WHAMKaTopoB Kanbuma GCaMP  wwupoko
npeacTaBreHo B HAyYHOW NPakTUKe M YacTo MCMOMb3yeTCs B UCCIEA0BaHNAX HEMPOHHON
aKTUBHOCTW in vivo. Kanbunesas curHanusaums cesasbiBaeT MeMBpaHHyto BO36yAMMOCTb 1
KneTouYHble Guonormyeckne yHKUMN U UrpaeT BaXKHYH ponb B BU3yanu3auum akTUBHOCTU
HeMpoHoB. [laHHbI MeToA AaeT BO3MOXHOCTb MOHATH (PYHKUMOHAaNbHbIE B3aMMOCBSA3N
nyTem perucTpaumm OonbluMx NOMynsauuii HEMpoHoB. Tem He MeHee, AOCTWXUMOE
BPEMEHHOE paspelleHne OrpaHM4YeHO MeAneHHOW KUHeTUKoW cBsidbiBaHus Ca??,
MOCKOJSIbKY FEHEeTUYEeCKU KoaupyeMmble (ryopecueHTHble mHaukaTopbl Ca?* Ha ocHoBe
KanbsMoAynuHa Bceraa AEMOHCTPUPYIOT YBENMYEHHOe Bpems 3aTyxaHus dnyopecueHumn.
OpyrMMmu crnoBamu, pernctpaumsi BbICOKOYACTOTHbLIX MOTEHLMANO0B AEWCTBUSA MOXET ObiTb
orpaHMyeHa AMHAMMKOM  KanbUMEBOro  CeHcopa, COOTBETCTBEHHO  KasbLueBas
BM3yanusauus in Vvivo He OTpaxaeT BCIH aKTUBHOCTb HEWpOHHbIX ceTei. OgHuMm 13
BO3MOXHbIX ~ NyTEN  pelleHus  AaHHOW  npobrnembl  SBASieTCA  COBMeLleHue
ANEKTPOPOU3NONOrMYECKor perncTpaumm n ONTUYECKoN BU3yanm3aumu.

B paHHoM paboTe Mbl  CNpOEKTMpPOBanNM U W3FOTOBUIM  MMKPOISIEKTPOA,
afanTUpPOBaHHbIA MOA pa3Mepbl FPAaAMEHTHON MMH3bl M COBMELLEHHbI C HEW. [aHHbIn
MWKPO3MEKTPOA NpeacTaBnseT cobow TPEXCNOVHY CTPYKTYpY NPSIMOYrofibHOM hopMbl 13
NONMUMMUOHOW MNEHKM M KOHTaKTHbBIX/TOKOMPOBOASALLMX AOPOXKEK U3 30510Ta, HAHECEHHBIX
MEeTo4oM TepMOOpMOBKW. Ha OOHOM M3 CTOPOH MIIEHKU pacnosfioxeHbl 12 OTKPbITbIX
TOKONPOBOASALUMX KOHTAKTOB ANs perncrpauum nokanbHbIX NoneBbiX NMOTEHUManoB, a Ha
Opyrovi CTOPOHE aHanorM4yHoe KONMMYeCTBO TOKOMPOBOAALLMX AOPOXEK ONS NMOAKMHYEHUS
KOHHeKTOpa, OCyLLEeCTBSALWEro nepegayy AaHHbIX Ha nnaTty obpaboTku.

Pa3paboTaHHbIi MUKPOIMEKTPOA MO3BONMMT 00beauHUTb MeToabl MPUXKU3HEHHOW
KanbUMeBOW BM3yanmu3auuMm C MNOMOLLbID MUHUCKONA W 3MeKTPOodU3N0Nornieckomn
pernctpauun. Takon nogxod no3BonuT Oonee pgetanbHO uccnegoBaTb aKTUBHOCTb
HENPOHHbIX CeTel, a TaKke KapTupoBaTb MO3r cBOGOAHO ABWXKYLUMXCA NabopaTopHbIX
XMBOTHBIX C BbICOKUM MPOCTPAHCTBEHHO-BPEMEHHbBIM pa3peLlleHneM, 4YTO pacLunput
BO3MOXHOCTU UCCneaoBaHuin B obnactu Hempobuonoruu.

Paboma ebinonHeHa npu noddepxke epaHma PH® 22-75-00028 (AVIE).
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DEVELOPMENT OF A MICROELECTRODE TO COMBINE METHODS FOR
RECORDING ELECTROPHYSIOLOGICAL ACTIVITY AND CALCIUM IMAGING OF
MOUSE HIPPOCAMPAL NEURONS IN VIVO.

Erofeev A.l.", Vinokurov E.K." *, Vlasova O.L.", Bezprozvanny |.B."2
"Laboratory of Molecular Neurodegeneration, Peter the Great Saint Petersburg
Polytechnic University, Saint Petersburg, Russia,

2 University of Texas Southwestern Medical Center, Dallas, TX, USA

*E-mail: eg.vinokurov@yandex.ru

The technology of lifetime calcium imaging using a single-photon miniature
fluorescence microscope (miniscope) is a modern and powerful tool for studying neuronal
networks in various brain regions. The use of the miniscope makes it possible to record
neural activity on freely moving laboratory animals, in contrast to the traditionally used two-
photon imaging.

The GCaMP family of genetically encoded calcium indicators is widely represented in
scientific practice and is often used in studies of neuronal activity in vivo. Calcium signaling
links membrane excitability and cellular biological functions and plays an important role in
imaging neuronal activity. This method provides an opportunity to understand functional
relationships by recording large populations of neurons. However, the achievable temporal
resolution is limited by the slow kinetics of Ca?* binding because genetically encoded
calmodulin-based Ca?* fluorescent indicators always exhibit an increased fluorescence
attenuation time. In other words, registration of high-frequency action potentials may be
limited by calcium sensor dynamics. Accordingly, calcium imaging in vivo does not reflect
the entire activity of neuronal networks. One possible way to solve this problem is to
combine electrophysiological registration and optical imaging.

In this work, we designed and manufactured a microelectrode adapted to the size of
the gradient lens and combined with it. This microelectrode is a three-layer rectangular
structure made of a polyimide film and gold contact/conducting tracks applied by
thermoforming. On one side of the film there are 12 open conductive contacts for
registration of local field potentials, and on the other side there is a similar number of
conductive tracks for connection of the connector that transfers data to the processing
board.

The developed microelectrode will allow combining methods of lifetime calcium
imaging using a miniscope and electrophysiological registration. This approach will enable
a more detailed study of the activity of neuronal networks, as well as mapping the brains of
freely moving laboratory animals with high spatial and temporal resolution, which will
expand the possibilities of research in the field of neurobiology.

Supported by the Russian Science Foundation grant no. 22-75-00028 (A.l.E.).
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ONMTONEHETUYECKUA Noaxon K NEYEHUIO SNMUNENCUN
3anues A.B.*, MNpockypuHa E.1O., Tpodmmosa A.M., NoctHukosa T.1O., EpruHa T.1HO.,
AmaxuH [.B., Tucenbko B.C., Ymxos A.B.
MHCTuTYT 3BONIOLUMOHHON cbuanonorum n Guoxmmun um. .M. CeveHosa PAH,
CaHkT-lMeTepbypr, Poccus
*E-mail: aleksey_zaitsev@mail.ru

Mo ouerHkam BO3 noutn 1% Hacenewuws cTpagaeT oT anunencun. Hecmotpsa Ha
ycnexv B cO34aHUM HOBbIX NMPOTMBOSMNUMENTUYECKUX NPEenapaTos, MNOSIHOro u3basneHusi ot
CYAOPOXHbIX NPUMNAAKOB He yaaeTcsa 4OCTUYb NOYTU Y TPETU BOMbHbIX.

OfHVMM M3 NEPCNEeKTUBHbLIX MOAXOAOB K FEYEHUIO 3MUIENCUM MOXET CTaTb reHHast
Tepanua. Tak Kak anunenTuyeckasl akTUMBHOCTb OOycroBneHa HapyleHuem OGanaHca
BO3OY)XOEHUSI U TOPMOXEHMWSl, TO YCWIMS UCCnefoBaTenen HamnpasneHbl B MEPBYHO
oyepeab Ha perynsaumio Bo30yaMMOCTU HEMpOHOB. NepBoHavanbHO, OCHOBHbIE NOAXOAbI
ObINN OCHOBaHbI Ha FMNEPIKCNPECCUM UHMMBOUPYIOLLMX NENTUOOB, TAKUX Kak ranaHuH vnm
NPY, unu nopaBneHun BO3OYAMMOCTU HEMPOHOB MNyTEM [UMNEP3KCNPECCMU B HUX
KanueBbIX KaHanoB. OpgHako 3TW BO3OEWCTBUSI AOMKHbI OblTb XOPOLUO paccuuTaHbl U
CTPOro [03MpOBaHbl, Tak Kak CKOPPEKTUPOBATb IKCMPECCUIO B AarbHeNLWeM CrioxHo. Mpu
HeOCTaTOYHOW 3KCNPeccuM MPOTMBOCYAOPOXKHBLIN 3dppeKkT He pJocturaeTcs, a npu
N3ObITOYHON — MPOUCXOOUT HapylleHune (YHKLMOHMPOBAHUS HENPOHHbIX ceTel u3-3a
CUIMbHOTO TOPMOXXEHWSI.

MoaToMy MHTEepeCHbl MeTOANYECKME MOAXOAbI K NIEYEHMIO, NPU KOTOPbLIX BO3AENCTBME
Ha BO3OyOMMOCTb HEMPOHOB B 3NUENTUYECKOM O4vare MOXHO KOHTPONMpoBaTb. Takum
npenMyLiecTBoM obnagatoT ontoreHeTndeckun metogd. OnToreHeTMka UCMonb3yeT CBeT
ONA U3MeHeHusi BO30yaUMOCTW OnpefeneHHbIX Nonynsauui HenlpoHoB W, Gonee Toro,
MOXeT ObITb UCMonb3oBaHa B Napagvrme Guorornyeckor obpaTHoOM CBA3W, NpU KOTOPOW
WCTOYHMK CBETa aKTUBMPYETCS TONbKO MPW PUCKE reHepauuy CyOOpPOXKHOW aKTMBHOCTW.
OpHako B OMTOreHEeTMYECKOM MOAXOAEe €eCTb  psih  TEXHUYECKUX CMOXHOCTEN C
noABedEeHNEM WCTOYHMKA CBETA U PUCK PasBUTUS MMMYHHOrO OTBETa Ha 3KCMpeccuto
YyXXEPOAHbIX POAONCUMHOB. B goknage paccMOTPeH OMbIT MPaKTUHECKOro MNpPUMEHEHUSsI
ONTOreHeTUYECKNX MHCTPYMEHTOB AN4 in vitro Moaenen anunenTudOpMHOA aKTUBHOCTH

Hannume 6onbluoro cnekTpa MeToAo0B FreHHOW Tepanuu anunencum, AokasasLUnX CBOK
3(pPEKTUBHOCTL B [OKIMHUYECKUX WCCNESOBAHMSAX, MNO3BONSET NpeanonoXutb, 4YTo
KMUHWUYECKOE UCTIbITaHWe HEKOTOPBIX NX 3TUX METOAOB HAYHETCS e B Gnvkanwme rogpl.

Paboma noddepxaHa epaHmom PH® 21-15-00430.
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OPTOGENETIC APPROACH FOR THE TREATMENT OF EPILEPSY
Zaitsev A.V. *, Proskurina E.Y., Trofimova A.M., Postnikova T.Y., Ergina J.L., Amahin D.V.,
Tiselko V.S., Chizhov A.V.
Sechenov Institute of Evolutionary Physiology and Biochemistry of RAS, Saint Petersburg,
Russia
*E-mail: aleksey_zaitsev@mail.ru

The WHO estimates that nearly 1% of the population suffers from epilepsy. Despite
advances in the development of new antiepileptic drugs, seizures cannot be completely
eliminated in nearly one-third of patients.

One promising approach to the treatment of epilepsy may be gene therapy. Because
epileptic activity is caused by an imbalance between excitation and inhibition, researchers
have focused primarily on regulating neuronal excitability. Initially, the main approaches
were based on the hyperexpression of inhibitory peptides such as galanin or NPY, or the
suppression of neuronal excitability by the hyperexpression of potassium channels in
neurons. However, these effects should be well calculated and strictly dosed, as it is
difficult to correct the expression later. If the expression is too low, the anticonvulsant
effect will not be achieved, and if the expression is too high, the neuronal networks will be
impaired due to strong inhibition.

For this reason, methodological approaches to treatment in which the effect on the
neuronal excitability in the epileptic focus can be controlled are of great interest.
Optogenetic methods offer such an advantage. Optogenetics uses light to alter the
excitability of specific neuronal populations and can also be used in a biofeedback
paradigm in which the light source is activated only at the risk of generating seizure activity.
However, the optogenetic approach has a number of technical difficulties in delivering the
light source and the risk of developing an immune response to the expression of
rhodopsins. This report reviews the experience with the practical application of optogenetic
tools for in vitro models of epileptiform activity.

The availability of a wide range of gene therapy approaches for epilepsy that have
demonstrated efficacy in preclinical studies suggests that clinical trials of some of these
approaches will begin in the next few years.

Supported by the Russian Science Foundation (project number 21-15-00430).

41



April 6-8, 2023 OPTOGENETICS+ 2023

METOAbl FTEHETUYECKOIO 3AXBATA U ONTONEHETUYECKOIO YNPABJEHUA
AKTUBHOCTbIO HENPOHOB ANl UCCNEQOBAHUA NAMATU
MeawkuHa O.N.12* Toponoea K.A."2, PoroxHukosa O.C."2, [lokykuH H.B."3,
AHoxuH K.B.":23
"MIHCTUTYT NepcnekTUBHbIX MccnegoBaHui moara MY um. M.B. JlomoHocoBa, Mocksa,
Poccus; 2 NNaGopaTtopus HelpoHHoro nHtennekta MY um. M.B. llomoHocoBa, Mockea,
Poccus; 2 HAW HopmanbHoi dounsunonorum um. MN.K. AHoxuHa, Mocksa, Poccus
* E-mail: oivashkina@gmail.com

HakannuBarowmecs B HelpoHayke AaHHble CBUAETENbCTBYOT O TOM, YTO FOMOBHOM
MO3r npeacTaBnseT coboM KOMMMEKC B3aMMOCBSA3aHHbIX pacnpefeneHHbIX HEeWpPOHHbIX
CUCTEM, B3aUMOAEWNCTBUS BHYTPUM U MeEXAY KOTOPbIMU COCTaBMSIOT [MaBHYIO CyTb €ro
dyHKUMA. Ona acpdekTnBHOM paboTbl C NOAOOHBIMU CIOXHBIMU CUCTEMAMKU HEODXOAUMBI
cneunduyeckne metoamndeckue noaxodbl, nossonsowme: (1) Bu3yanuanpoBaTb 3TU
rnobanbHble KneToyHble ceTn ex Vvivo un (2) wn3yyaTb yHKUMOHaNbHLIE CBOWCTBA
HENPOHOB 3TUX KOTHUTUBHLIX CeTel in vivo, a Takke (3) NpoBoAMTL Kay3amnbHbl aHanu3
3TUX ceTen MOCPEACTBOM M3bMpaTenbHOro ynpaBreHus COCTaBMSALWNX UX HEWPOHOB. B
nocrnegHee Bpems Obln pa3paboTaH HOBbIA MNOAXOA, B OCHOBE KOTOPOrO NEXWT
CrnocobHOCTb HemeasneHHbIX paHHux reHoB (HPI), B T.4., c-fos, BbicTynatb ceHcopom
akTMBauum HewnpoHoB. Jkcnpeccus HPI mncnonb3yetca B kadectBe Tpurrepa Cre-Lox
pekombuHauun, obecneuymBaiollel BHECEHWE MNepMaHEHTHONW MoauduKaumMm B TreHOM
aKTUBMPOBAHHBIX KMNETOK. MeHeTn4eckn «3axBaveHHas» Takum obpas3om HEeMpoHHas ceTb
0OKa3blBaeTCA  MOXM3HEHHO  MoAMMMUMpOBaHa MNyTEM  akTMBauuMu  3KCNpeccum
penopTepHoro (kogupytowero dnyopecueHTHbIi 6enok (PB) nnu kanbuMeBbIi CEHCOP)
WMn akTyaTopHoro (kogwvpytowero ontoreHetuyeckun kanan (OK)) reHos. Mpumensiemas
CreER pekombuHa3a akTvBHa B KneTkax UCKMIOYUTENbHO B MPUCYTCTBUN CUHTETUYECKOro
aHTaroHMCTa 9CTporeHa — TaMoKcudeHa, Takum 06pas3oM, MOMEHT «reHeTUYECKOro
3axBarta» onpegensietca AByMs aktopamu: akcnpeccuen HPI B knetke Ha ¢oHe
HOBM3HbI M BBeAEHMEM TamokcudeHa. B nepBon yactu paboTbl ncnonb3oBanu Mbilen
nnHun Fos-Cre-dTomato. [ns aToro ¢ nomMoubd MeTodoB OBOWHOMO MeYeHus Obino
OLIEHEHO NepeKpbiTUe ABYX MOMYNSALUMA KNEeTOK B MO3re — akTMBMPOBAaHHbIX B CUTyauuu
nepsoro obcrnegoBaHuss 06CTaHOBKM (NMOMeYeHHbix nyTem Cre-pekoMOuHaumm &b
tdTomato) n obcnenoBaHna yxe XOpOLIO 3HAaKOMOW OBCTaHOBKM (BbISIBNSEMbIX MO
akcnpeccun HPI c-fos). Bbino ucnonb3oBaHO fABe rpynnbl Mbllel: nepeasi rpynna
obcrnepoBana ofHy u Ty ke oBCTaHOBKY ABaxabl, @ BTopas - obcregosana ABe pasHble
o6cTaHoBKU. BbINo Noka3aHo, YTO OAHY U Ty e 06CTaHOBKY C HU3KUM YPOBHEM HOBU3HbI B
MO3re KOOMPYHT B 3HAYMTENIbHOW CTEMEHU OOHW U Te Xe HelpoHbl. Mpu 3ToM, pasHble
06CTaHOBKM C BbICOKMM YPOBHEM HOBW3Hbl KOAMPYIOTCA B MO3re pasHbiMU, MpakTU4Yecku
He nepekpbiBalLMMUCS NONynsuMsMn  HelpoHoB. Bo BTopor uactm paboTbl
MCMonb30Banu XMBOTHbIX NMMHUKN Fos-Cre-ChR2, y KOTOpbIX B reHETUYeCKM 3axBayeHHOM
aHrpamme akcnpeccupyetca OK  kaHanopoAancuH-2, MO3BONSIOWMN  cneumduyecku
CTUMYNMPOBaTb aKTUBHOCTb KNeToK. Bbina npoBegeHa onToreHeTnyeckas CTUMYyNSUmst
HeBomMbLWON YacTh W3Ha4anbHO MOMEYEHHOW KOrHUTUBHOW rpynnbl  Afns  NPOBEPKM
BO3MOXHOCTW W3BMEYEHUS MOMHON KOTHUTUBHOW [pynnbl NPV akTuBauuuM ee 4acTtu.
[Moka3aHo, 4TO Takas CTUMYNALUA 3HrPaMMbl, 3aXBa4€HHOW B CUTyaLMU HU3KOW HOBU3HbI
ONst XKMBOTHOTO, HE MOXET MPMBECTU K M3BMEYEHWIO W3 NamMsTV BCEW M3Ha4yanbHOW
3HrPaMMbl LENIMKOM, aKTUBMPYSA TONbKO Hebonblyio ee 4acTb. [pu 3Tom, ofHako,
CTUMYNAUNS HEWPOHOB 3HTPaMMbl, 3aXBaYeHHOW B CUTyauuW BbLICOKOW HOBW3Hbl Ans
XMBOTHOrO, MOXET TNPMBECTM K W3BMEYEHUO W3 NaMAaTW CyWeCTBEHHOW 4acTu

N3Ha4arnbHOWN 3Hrpammel.
UccnedosaHue ebinonHeHo npu ¢huHaHcoeol noddepxke Hekommepyeckoeo @oHOa passumusi HayKu U
obpasosaHus «MIHmennekm» u npoekma MOH P® Ne 075-15-2020-801.

42



April 6-8, 2023 OPTOGENETICS+ 2023

GENETIC TRAPPING AND OPTOGENETIC CONTROL METHODS FOR MEMORY
FUNCTIONS STUDIES
Ivashkina O.1.2*, Toropova K.A."2, Rogozhnikova O.S."2, Dokukin N.V."3,
Anokhin K.V.1:23

"Institute for Advanced Brain Studies, Lomonosov Moscow State University, Moscow,
Russia

2 Laboratory of Neuronal Intelligence, Lomonosov Moscow State University, Moscow,
Russia

3 Anokhin Institute of Normal Physiology, Moscow, Russia
* E-mail: oivashkina@gmail.com

Data accumulating in neuroscience suggest that brain is a complex of tightly
interconnected distributed neuronal systems, and that their internal and external
interactions comprise the core of the brain’s functions. For the effective interrogation of
such complex functional systems, we need methods, that should: (1) visualize these global
cellular networks ex vivo, (2) investigate functional properties of the neurons in these
cognitive networks in vivo, and (3) perform casual analysis of these networks through
selective manipulation of neuronal functions in said networks.

Recently, a new approach has been developed, which is based on the ability of
immediate early genes (IEGs), including c-fos, to act as a sensor for neuronal activation.
The expression of IEG is used as a trigger for Cre-Lox recombination, which drives the
permanent modification in the genome of the activated cell. The neural network genetically
"trapped" in this way is lifelong modified by the expression of reporter (encoding
fluorescent protein (FB) or calcium sensor) or actuator (encoding optogenetic channel
(OC)) genes. The CreER recombinase, used in this approach is only active in cells in the
presence of a synthetic estrogen antagonist, tamoxifen. So. the moment of "genetic
trapping" is determined by two factors: the expression of IEG in the cell due to the novelty
and the tamoxifen injection.

In the first part of the work, transgenic Fos-Cre-dTomato micewere used. Utilizing
double labeling methods, the overlap of two neuronal populations was examined: first,
activated after the first context exploration (marked by FB tdTomato after Cre
recombination) and second, activated after an already well-known context exploration
(detected by the expression of IEG c-fos). Two groups of mice were used: the first group
explored the same context twice, and the second examined two different contexts. We
demonstrated that the same context with a low level of novelty in the brain is encoded
largely by the same neurons. At the same time, different contexts with a high level of
novelty are encoded in the brain by different, practically non-overlapping populations of
neurons.

In the second part of the work, transgenic Fos-Cre-ChR2 mice were used, in which
channelrhodopsin-2 is expressed in the genetically captured engram, which allows
specifically stimulating cell activity. Optogenetic stimulation of a small part of the initially
labeled cognitive group was performed to test the possibility of retrieval of a complete
cognitive group when its part was activated. We demonstrated that such stimulation of an
engram captured in low novelty situation for an animal cannot lead to the retrieval of the
entire original engram, activating only a small part of it. At the same time, however,
stimulation of the neurons of an engram captured in high novelty situation can lead to the
retrieval of an essential part of the original engram.

Supported by Non-Commercial Foundation for Support of Science and Education
"INTELLECT" and by the Russian Ministry of Science and Higher Education Project 075-
15-2020-801.
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3NEKTPO®U3NONOMMYECKOE UCCNEQOBAHME CBONCTB KATUOHHOIO
KAHAINNBHOIO POAONCUHA U3 BOOOPOCIIN PLATYMONAS SUBCORDIFORMIS
Wmxunosa O.C.*, CmupHoea I".P., Manbiwes A.1O.
MHCTUTYT BbICLUE HEPBHON AesaTenbHOCTU 1 Henpodmanonorun PAH, Mockea, Poccus
*E-mail: olgaidzh@gmail.com

OnToreHeTUka Haluna LWWPOKOE MPUMEHEHNE B COBPEMEHHOMN 3KCNEPUMEHTANbHON
6uonormn. Bonblioe pasHoobpa3sne HOBbIX uMccregoBaTenbCkux 3agad  Tpebyet
NOCTOSIHHOrO pacLimpeHusi apceHana 3P peKTUBHBIX cneumanvManpoBaHHbIX
ONTOreHeTUYECKNX MHCTPYMEHTOB.

[aHHoe wuccnegoBaHMEe MOCBSILLEHO  U3YYEHWIO CBOMCTB  HOBOTO  KaHarbHOro
pogoncuHa PsChR2 n3 Bogopocnu P. subcordiformis. PsChR2 6bin akcnpeccupoBaH B
HENpPOHaxX MEPBUYHbIX KyNbTyp rMNMOKamna MbiM NyTEM BUPYCHOW TpaHcOyKuuu. Bbino
nokasaHo, 4YTO NPU MMMYNbCHOW CBETOBOW CTUMYNALMW Ha AnvHe BOMHbl 470 HM Takue
HENPOHbI CTABUNBHO TFEeHEepPUPYIOT CBETOMHAYUMPOBAaHHbIE MOTEHUManbl OEWCTBUS Ha
yactotax Ao 40-50 lu, B TO Bpems Kak AN KOHTPOMbHOW rpynnbl HEWpPOHOB,
akcnpeccupytollen knaccudeckui ChR2, makcmanbHasa Yactota OTBETOB He npeBbiluana
20-30 lu. Takmm obpasom, PsChR2 3HaumtenbHo ny4we, yem ChR2, nogxogut Ans
obecrneyeHnss BbICOKOYACTOTHOW CBETOBOW CTUMYNSALUUW HENPOHOB, BEPOATHO 3a cyeT
CBOEW MeHbLUEN eCeHCUTM3auunn.

B psape all-optical akcnepumMeHTanbHbIX CXEM OMCUHbl, MakCUMyM MOrfoLleHns
KOTOpbIX HaxoAuUTCA B cuHen obnacTu crnektpa (Takue, Kak paccmaTpvBaemble 30ecCb
PsChR2 n ChR2), wncnonb3yioTcs B KOMOMHauMM € KpacHbiMUM  DyOpEeCLEeHTHbIMU
30HOaMW, AN BO30OYXAEHMS KOTOpbIX Heobxoaum 3eneHbii ceeT. Mbl mokasanu, 4YTo B
HelpoHax, akcnpeccupytowmx kak PsChR2, Tak n ChR2, ctumynsaums 3eneHbiM CBETOM C
anvHon  BomHbl 530  HM, 4acTo uMcnonb3yemom Ans  BO3OYXXOEHUs  KpacHbIX
ryopecLeHTHbIX  30HOOB, BbI3bIBAET reHepauuio noTeHumanoB Adenctsus. B
NPOTUBOMONOXHOCTL  3TOMY, MpU  ANUHE BOMHbI CTUMmynupytowero ceseta 550 HM
CBETOMHAYLIMPOBaHHbIE TOKM Obinyv npeHebpexumo Manbl. 3TW AaHHble HeobxoanMo
YYUTbIBATb MPU ONTUYECKOW PerucTpaumMm C NpUMEHEHMEM KpPacHbIX (DIyOpECLEHTHbIX
30H0B B HEWpoHax, akcnpeccupyrowmx PsChR2 n ChR2.
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ELECTROPHYSIOLOGICAL STUDY OF THE PROPERTIES OF CATIONIC
CHANNELRHODOPSIN FROM THE ALGA PLATYMONAS SUBCORDIFORMIS
Idzhilova O.S.*, Smirnova G.R., Malyshev A.Y.

Institute of Higher Nervous Activity and Neurophysiology, RAS, Moscow, Russia
*E-mail: olgaidzh@gmail.com

Optogenetics has found wide application in the modern experimental biology. A large
variety of new research challenges calls for a continuous expansion of the optogenetics kit
of effective specialized tools.

Here, we studied the properties of the new channelrhodopsin PsChR2 from the alga P.
subcordiformis. PsChR2 was expressed in the neurons of murine primary hippocampal
cultures via viral transduction. Upon 470 nm pulsed light stimulation, neurons consistently
fired light-evoked action potentials at the rates of up to 40-50 Hz, while in the control
ChR2-expressing group, peak firing rates did not exceed 20-30 Hz. Thus, PsChR2 is
much better than ChR2 suited for high-frequency light stimulation of neurons, probably due
to its reduced desensitization.

In a number of all-optical experiment setups, opsins whose absorption maximum lies
within the blue spectral region (such as PsChR2 or ChR2) are used alongside with red
fluorescent probes, which require green excitation light. In both PsChR2- and ChR2-
expressing neurons, 530 nm light stimulation, which is commonly used to excite red
fluorescent probes, induced action potential generation. In contrast, upon 550 nm light
stimulation, the light-induced currents were negligible. These data must be taken into
account when performing optical recording with red fluorescent probes from PsChR2- and
ChR2-expressing neurons.
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OOCTABKA FrEHOB B CPEQHUIA U MPOMEXYTOYHbIWA MO3I MOJIOAM KETbI
ONCHORHYNCHUS KETA C UCNOJIb3BOBAHMEM ADEHOACCOLMUUPOBAHHOIO
BUPYCHOI'O BEKTOPA MMMOKAMIMA MbILLU
KanyctaHos U.A.*, MNywwHa E.B., WamwypuHa E.B., BapakcuH A.A.
HaunoHanbHbIN Hay4HbIN LEHTP Mopckon Buonornm umenn A. B. XKupmyHckoro, IBO PAH,
BnapgusocTok, Poccus
*E-mail: ilyaak9772@gmail.com

B HacToswe#n paboTe Mbl  WUCMNOMb30OBanM  MbIWWMHbIE  PEKOMOWHAHTHbIE
afeHoaccounnpoBaHHble BUpYCHble BekTopbl (FTAAV) C  KanbUWEBBIM UHAMKATOPOM
GCaMP6m, koTopble OBbIYHO MPUMEHSIOTCA AN AOpcanbHOrO rMnnokamna Mbllen, HO
paHee He NUCNOoNb30Banuchb Ans JOCTaBKM reHOB B MO3T pbib.

Llenbto Hawewn paboTbl GbINO U3y4nTb BO3IMOXHOCTb TpaHcayKuum rAAV B runnokamne
MbILLEA B KIMETKU FOSIOBHOrO MO3ra MOMOAM KeTbl W MOCMeaylWmMM onpeaeneHnem
deHoTMNa KNeTok, MeyeHHbIXx rAAV, MeToooM KOH(OKanbHOW Mna3epHOW cKaHupyoLewn
mukpockonun (KINCM). [loctaBky reHa in vivo ocyLecTBAsNN BHYTPUYEPENHON UHBEKLMEN
BEKTOpa, coaepxaliero GCaMP6m-GFP, HenocpeacTBEHHO B obnacTtb
Me33HLUedanMyeckoro TermeHtyma monogu (rogosanon) keTel, Oncorhynchus keta.
BcTtpamBaHue AAV B KneTKM rofloBHOrO Mo3ra MOSioAb KeTbl OLeHvBanu vyepes 1 Hedento
nocrie O4HOKpaTHOro BBeAEeHUs BekTopa. Jkcnpeccuio AAV B ob6nacTsax cpeaHero mosra u
npomexyToyHoro mo3sra monogu O. keta oueHnBanu ¢ nomoubio KIICM ¢ nocneayowmm
UMMYHOTMCTOXMMUYECKMM aHanM3oM foKanm3aumm HelpoH-cneumduyeckoro KanbLui-
ceaAsbiBatoLero 6enka HUCD B coyeTaHum ¢ okpalunBaHuem sigep ¢ nomollbio DAPI.

MeTtonom KITCM nokasaHa akcnpeccusi GFP-akcnpeccupytowmx (GFP+) kneTok, aaep
W rpaHyrn, 3Kcnpeccust kanbLuin cBsa3biBatowwero 6enka HempoHanbHowm auddepeHLMpoBKn
HuCD, a Ttakxe koakcnpeccuss GFP un HuCD (GFP+/HuCD+) B auaHuedanoHe u B
me3eHuedanoHe. Haubonbwee uyncno  GFP+/HuUCD+  knetok B nepegHen
runoTanammyeckomn byxTe obycnoBsneHo WHTEHCUBHBIM aHTeporpagHbIM
BHYTPUKIETOYHbIM TpaHcnopToM. Hanuume 6Gonbworo uucna GFP+ n GFP+/HuCD+
KNeToK B TErMEHTyMe CBsiI3aHO C pacnpoCTpPaHEeHMEM afeHOBUPYCHOrO BeKTopa B
pesynbTaTe MNOCTTpaBMaTUYECKUX HEMpPOreHHbIX npoueccoB. Hanuune MuHMManbHOro
konmyectBa GFP+ un GFP+/HuCD+ knetok B Me3eHUedanM4yeckon peTuKynspHom
dopmauun 06ycnoBfeHo MUHMMANbHOW MIOTHOCTLIO pacnpefeneHnst KNeTok B OaHHOW
obnactu n orpaHM4eHHOM PETPOrpagHOM BHYTPUKIETOYHOM TpaHCMoOpTe B KaydarnbHOM
HanpaeneHun. Takum ob6pa3om, NPOBEAEHHbIE NCCNEAOBaHMSA BNEPBbIE HA MOMOAN KeTbl
O. keta nokasanun adhpeKTMBHYIO TpaHCAYKUMO reHoB rAAV rmnokaMmmna MreKonuTaoLwmx
B KNeTkn Me3eHuedanoHa u pusHuedanoHa yepe3 1 Hedeno nocre OAHOKPATHOMO
BBEAEHMS.
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A CONFOCAL MICROSCOPIC STUDY OF GENE TRANSFER INTO THE
MESENCEPHALON AND DIENCEPHALON OF JUVENILE CHUM SALMON,
ONCORHYNCHUS KETA, USING MOUSE ADENO-ASSOCIATED VIRAL VECTORS
Kapustyanov I.A.*, Puschina E.V., Shamshurina E.V., Varaksin A.A.
Zhirmunsky National Scientific Center of Marine Biology, FEB RAS, Vladivostok, Russia
*E-mail: ilyaak9772@gmail.com

In the present work, we used mouse recombinant adeno-associated viral vectors
(rAAV) with a calcium indicator GCaMP6m that are usually applied for the dorsal
hippocampus of mice but were not previously used for gene delivery into fish brain.

The aim of our work was to study the feasibility of transduction of rAAV in the mouse
hippocampus into brain cells of juvenile chum salmon and subsequent determination of the
phenotype of rAAV-labeled cells by confocal laser scanning microscopy (CLSM). Delivery
of the gene in vivo was carried out by intracranial injection of a GCaMP6m-GFP-containing
vector directly into the mesencephalic tegmentum region of juvenile (one-year-old) chum
salmon, Oncorhynchus keta. The incorporation of AAV into the brain cells of juvenile chum
salmon was assessed 1 week after a single injection of the vector. AAV expression in the
midbrain and diencephalon regions of juvenile O. keta was assessed using CLSM followed
by immunohistochemical analysis of the localization of the neuron-specific calcium-binding
protein HUCD in combination with nuclear staining with DAPI.

The method of CLSM shows the expression of GFP-expressing (GFP+) cells, nuclei
and granules, the expression of the calcium-binding protein of neuronal differentiation
HuCD, as well as the co-expression of GFP and HuCD (GFP+/HuCD+) in the
diencephalon and mesencephalon. The largest number of GFP+/HuCD+ cells in the
anterior hypothalamic is due to intense anterograde intracellular transport. The presence
of a large number of GFP+ and GFP+/HuCD+ cells in tegmentum is associated with the
spread of the adenoviral vector as a result of post-traumatic neurogenic processes. The
presence of a minimum number of GFP+ and GFP+/HuCD+ cells in the mesencephalic
reticular formation is due to the minimum density of cell distribution in this area and limited
retrograde intracellular transport in the caudal direction. Thus, the studies carried out for
the first time on juvenile chum salmon O. keta showed effective transduction of rAAV
mammalian hypocampus genes in mesencephalon and diencephalon cells 1 week after a
single injection.
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ANEKTPO®U3UNOJIONTMYECKOE TECTUPOBAHUE AKTUBALIMU G-BEINOK-
3ABACUMOI'O CUTHAINIbHOIO KACKAA CBETO4YYBCTBUTEJIbHbIMU
XUMEPHbIMU PELLIENTOPAMU
Kapnywes A.B.*, Yanuruxa HO.A.

MHCTUTYT 3BOMIOLMOHHON cbusmonorum n 6uoxummm nm. .M. CeueHoBa PAH,
Cankr-lNeTepbypr, Poccus
E-mail: akarpushev@yandex.ru

OOHVMM M3 NEepCrneKTUBHBbIX WMHCTPYMEHTOB OMTOr€HEeTUYECKOro MNpOTe3npPOBaHUS
ceTyaTKu SBMATCA XUMepHble 6enku, CocToswWmne U3 ABYX CTPYKTYPHO-(DYHKLIMOHAMNbHBLIX
KOMMOHEHTOB: CBETOYYBCTBUTENMBHOIO AOMEHA 3PUTENbHOTO MUIMEHTa, POAOMNCUMHA WK
MenaHoncuHa, u C-KkoHUEeBOro y4actka MeTaboTpOMnHOro rryTamaTHOro peuenrtopa
mGIuR6. Takasi onTuyeckn ynpasnsiemasi 6enkoBasi KOHCTPYKLUMS CNOCoBHa akTMBMpPOBaTb
Go-6enoK-3aBUCUMbINA  CUTHANbHLIA  Kackaz, YTO MOXeT OblTb WCMNonb3oBaHO Anis
npeBpaLlleHms ON-GMNonsApHbIX KNEeToK B hoToOpeLenTopHbIE.

VMccnepoBaHue adhekTMBHOCTU Mepedayn curHana oT XMMepHoro peuentopa k Go
Genky  BbINOMHSAETCA € MOMOLUBIO  3NEKTPOMPU3MONOrMYecKkoro  CKpUHUHra B
reTeponorM4eckon IKCMPECCUOHHOW cucTeme, knetkax nunHum HEK293. B knetkax,
TpaHCHULIMPOBAHHBIX 3KCNPECCUOHHBLIMU BEKTOpamu, cogepxaLummm reHbl
CBETOYYBCTBUTENBHOIO XMMEPHOro peuentopa unu nopoobpasytowmnx cybveanHuy G-
0enok-akTMBMPYEMOro  KanueBOoro KaHana BHyTpeHHero BbinpamneHus Kir3.1/3.2,
PEKOHCTPYUPYETCS CUTHanNbHbIA MyTb CBETO-3aBUCMMOW akTMBaLUMM KanveBblX KaHanos.
OueHka paboTbl CUrHaNbLHOrO MyTW MPOM3BOAMTCS NYyTEM pPEerMcTpaumMm WOHHOIO Toka
BXOASLLEro BbINPSAMMAEHUS METOAOM oKanbHOM hukcaumm noteHumana B KoHdurypaumm
OTBEAEHNS OT LenoW KNeTkn. YCnewHo TpaHChUUMPOBaHHbIE KMEeTKU ONpeaensioTcs no
hntoopecuUeHLMN KoaKcnpeccmpoBaHHoro 6enka iRFP.

B NMNOTHbIX 3KCMepuMMEeHTax Ha KneTkax, TpaHCHOUUMPOBAHHbLIX MNasMUAON C reHOM
poaoncuHa, 6bIno NokasaHo YTO MMMYMbC CBeTa ANUTeNnbHOCTb0 10 ¢ M ANMHON BOJHbI
520 HM BbI3biBan TOK BXOOSALLErO HanpaBfieHUs C MUKOBOW MnoTHocTbio 16.0+1.3 nA/nd
npu nogaepxvsaemomM noteHumane —80 MB. KneTku, TpaHChUUMpPOBaHHbIE NNAasMUAoN C
reHom rnytamatHoro peuentopa mMGIUR6G, oTBevanu reHepauMen WOHHOIO ToOKa
BXOASLLEro HanpasneHus, MNUKOBOM nnoTHocTbio 14.122.0 nA/n® npu nepdysun
HapyXHbIM pacTBopoM, cofdepxaswuMm 1MM rnytamata HaTpusa. Takum obpasom,
YCTaAHOBMEHO, YTO KMeTovHas MOAENb COOEPXUT BCE KOMMOHEHTbl Heobxoaumble Ans
aKkTusauum G-6enok-3aBMcMmoro CUrHanbHOro Kackaga " TeCTMpOBaHMA
CBETOYYBCTBUTESbHBLIX XMMEPHbIX PELLENTOPOB.

Paboma noddepxxaHa MuHobpHayku Poccuu, coenaweHue Ne 075-15-2022-296, Ha
co3daHue U paseumue HayyHo2o UueHmpa Mupoeoz2o ypoeHsi «llasnosckuli ueHmp
«MHmeepamusxas ¢usuonoaus - meduyuHe, 8bICOKOMEXHOI02UYHOMY
30pasooXpaHeHUK U MexHOMoausiM cmpeccoycmouliyugocmuy.
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ELECTROPHYSIOLOGICAL TESTING OF G-PROTEIN-DEPENDENT SIGNALING
CASCADE ACTIVATION BY LIGHT-SENSITIVE CHIMERIC RECEPTORS
Karpushev A.V., Chiligina Yu.A.

Sechenov Institute of Evolutionary Physiology and Biochemistry RAS, St-Petersburg,
Russia
E-mail: akarpushev@yandex.ru

One of the promising tools for retinal optogenetic prosthetics are chimeric proteins
consisting of two structural components: the light-sensitive domain of the visual pigment,
rhodopsin or melanopsin, and the C-terminal segment of the metabotropic glutamate
receptor mGIuR6. This optically controlled protein construct is capable of activating the
Go-protein-dependent signaling cascade, which can be used to turn ON-bipolar cells into
photoreceptor cells.

The signal transduction efficiency from the chimeric receptor to the Go protein is
investigated using electrophysiological screening in a heterologous expression system,
HEK293 cells. The signaling pathway of light-dependent activation of potassium channels
is reconstructed in cells transfected with expression vectors containing genes of the light-
sensitive chimeric receptor or pore-forming subunits of the G-protein-activated inward-
rectifier potassium channel Kir3.1/3.2. The signal transduction is assessed by recording
the inward-rectifier ion current with whole-cell patch clamp technique. Successfully
transfected cells are identified by the fluorescence of the coexpressed iRFP protein.

In pilot experiments on cells transfected with a plasmid containing the rhodopsin gene,
it was shown that a light pulse of 10 s and 520 nm wavelength induced an inward
directional current with a peak density of 16.0+1.3 pA/pF at the holding potential of -80 mV.
Cells transfected with a plasmid containing the mGIuR6 glutamate receptor gene
responded by generating an inward directional ionic current with a peak density of
14.1£2.0 pA/pF when perfused with an external solution containing 1 mM sodium
glutamate. Thus, the cell model has been shown to contain all components necessary for
the activation of the G-protein-dependent signaling cascade and testing of the light-
sensitive chimeric receptors.

Supported by the Ministry of Education and Science of Russia, Grant No. 075-15-
2022-296, for the creation and development of the world-class scientific center «Pavlovsk
Center «Integrative Physiology to Medicine, High-Tech Healthcare, and Stress Resistance
Technologies».

Supported by the Russian Science Foundation (Grant No. 21-15-00416).
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PETMCTPALINA BUOXUMUYHECKUX NMPOLIECCOB IN VIVO B KOPE OJIOBHOI'O
MO3rA MbilLIKX C NOMOLWbIKO FrEHETUMECKU KOOUPYEMbIX BUOCEHCOPOB
Katpyxa B.A."2, Xpamosa t0.B.?", Ye6oTtapes A.C.23, MieaHoea A.[.!, MapTbiHoB I".H.23,
JlannH A.A.23, depgotos A.B.23, Bunan O.C."4*

" MHCTuTYT BroopraHuyeckon xumum PAH, Mockea, Poccus
2MrY um. M.B. JlomoHocoBa, Mockea, Poccus
3 Poccuincknin KBaHTOBbIN LieHTp, Ckonkoso, Poccus
4 Poccuinckuin HauMoHanbHbI MccneaoBaTensCkuii MeauUMHCKUIA YHUBEPCUTET UMEHN
Muporoea, Mockea, Poccus
*E-mail: d.s.bilan@gmail.com

eHeTnyeckn koampyemble OGUMOCEHCOPbLI MO3BOMSAT PErncTpMpoBaTb AUHAMUKY
N3MEHEHMNS HEKOTOPbIX BUOXUMUYECKMX NapamMeTpoB KINETKM in Vivo B peXxnMe peanbHoro
BpEMeHW. YCTaHOBKa B Yyeperne XMBOTHOMO KpaHManbHOro OKHa — ONTUYECKWU MPO3PayHoOro
“uMnnaHTa — no3BonsieT AeTeKTMpoBaTb CUrHam GuoceHcopa C MOBEPXHOCTHBIX CroeB
Mo3ra pasnuyHbIMM MeTogamu  Mukpockonuu. C  mncnonb3oBaHMEM OUOCEHCOPOB,
MyNbTUOTOHHON MUKPOCKONUM M MeTofda POoTOoTpoMBO3a COCYAOB BO3MOXHO W3y4aTb
NpOLLeCChbl, MPOUCXOASILUME B XOAE MLLIEMNYECKOrO UHCYMbTA.

Mblwam nuHun C57BI/6 npoBoavnu onepauunio, B Xxode KoTopon chopmupoBanv
Kpyrroe oTBepcTMe B Yepene 1 MHbeLMPOBanu B KOpy Mo3ra (KoopauHaTbl UHbekuun: AP:
1; ML -1,5; DV -0,6) ageHoaccounpoBaHHble Bupychl 9 cepotuna (AAV9), cogepxalime
reH ceHcopa nepokcuaa sogopoga HyPer7 ¢ muToXoHApuaneHOW nokanu3auven nopj
HelpoHanbHbIM npomoTtopom (hSyn1-H7-mito). KoHTponbHOM rpynne Mbillen UHBEKLUIO
He npoBoaunu. [anee npoBOAMNN YCTaHOBKY MOKPOBHOMO CTEKMNa M MeTannmyeckoro
apgantepa Ana dukcaumn Mblwmn B MuKpockone. Cnycta 3 Hegenu nocne yCTaHOBKM
KpaHWanbHOro OKHa, MCCrefoBanu MeToAoM MyNbTUEOTOHHOM MWKPOCKOMNMU, obnacTtu
KOpbl MO3ra, aJKcrnpeccupyowenn broceHcop. Ha KOHTPOMbHBLIX XMBOTHLIX MPOBOAMMN
aganTauMilo  METOAMKA  MOAENUPOBAHUS  ULIEMUYECKOTO  WHCYnbTa  METOAOM
doToTpoMb0O3a C MCMonb3oBaHMEM Kpacutens OeHranbckoro pososoro. [locne uyero
NPUMEHSINN 3Ty METOAMKY Ha >KMBOTHbIX, YbWM HEWPOHbI 3SKCMPECCUMpPOBanM CEHCOop.
Mwemnyeckoe noBpexaeHWe nOATBEPAUM C MNOMOLLLIO OKpackn TpudenHun-2,3,5-
TeTpasonusa xnopugom (TTX).

Mcnonb3oBaHMe  OMUCAHHBLIX  TEXHOMOMMA  MO3BOMMIIO  3aperMcTpuposaTb
dnyopecueHumo 6ruoceHcopa hSyn1-H7-mito B oTaenbHbIX HelpoHax Ha rnybuHe go 550
HM. Wcnomnb3oBaHne MynbTUOTOHHON MMUKPOCKOMUM MO3BONWMO  BU3yanv3nposaTb
CEHCOp Ha CcybKneToYHOM ypoBHe. B pexuvme peanbHoro BpemeHun y obenx rpynn mbiien
ObIn NpoBedeH M 3aperncTpupoBaH POTOTPOMOO3 MOBEPXHOCTHBLIX COCYAOB KOPbl MO3ra,
NoATBEPXKAEHHbIM Npu okpacke TTX.

Mbl paspabotanu mMeToq YCTAHOBKM KpaHWarnbHbIX OKOH WM MpOBENW perucrpaumio
drnyopecLeHLnn reHeTUYeckn kogmpyemoro buoceHcopa HyPer7 B Kope ronosHoro mosra
MbILLEN, a Takke aganTMpoBanu MeToamKy npoBeaeHus OTOTPOMOOTUHECKOrO MHCYNbTA.
Mpn ncnonb3oBaHMM pasnnyHbIX BUOCEHCOPOB, 3Ta TEXHOMOMMA NO3BONUT HabnoaaTtb 3a
TEeYEeHMEM UHCYMbTA.

50



April 6-8, 2023 OPTOGENETICS+ 2023

IN VIVO REGISTRATION OF BIOCHEMICAL PROCESSES IN THE MOUSE
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2 Lomonosov Moscow State University, Moscow
3 Russian Quantum Center, Skolkovo
4 Pirogov Russian National Medical Research University, Moscow
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Genetically encoded biosensors allow the registration of the dynamics of changes in
some biochemical parameters of a cell in vivo in real-time. Installation of a cranial window,
an optically transparent implant in the animal skull, allows the detection of biosensor signal
from the surface layers of the brain by various microscopy methods. Using biosensors,
multiphoton microscopy and the vascular photothrombosis method it is possible to study
the processes occurring during ischemic stroke.

The operation was performed on C57BI/6 mice. During the operation, a circular hole
was formed in the skull and adenoassociated viruses of serotype 9 (AAV9) containing the
hydrogen peroxide sensor gene HyPer7 with mitochondrial localization under the neuronal
promoter (hSyn1-H7-mito) were injected (injection coordinates: AP: 1; ML -1.5; DV -0.6)
into the brain cortex. We did not perform the injection in the control group of mice. Next,
we installed a coverslip, as well as a metal adapter to fix the mouse in the microscope.
Three weeks after the installation of the cranial window, we examined by multiphoton
microscopy, the areas of the brain cortex expressing the biosensor. In a group of control
animals, we performed an adaptation of the technique to simulate ischemic stroke by
photothrombosis using Bengal Rose dye. We then applied this technique to animals
whose neurons expressed the sensor. The ischemic lesion was confirmed using triphenyl-
2,3,5-tetrazolium chloride (TTC) staining.

The use of the techniques we described made it possible to record the fluorescence
of the hSyn1-H7-mito biosensor in individual neurons at depths of up to 550 nm. The use
of multiphoton microscopy made it possible to visualize the sensor at the subcellular level.
Real-time photothrombosis of cortical vessels was performed and recorded in both groups
of mice, confirmed by TTC staining.

We developed a method to install cranial windows and recorded the fluorescence of
the genetically encoded HyPer7 biosensor in the cortex of mice and adapted a technique
for photothrombotic stroke. Using different biosensors, this technology will allow the
monitoring of the development of stroke.
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METOJMKA BOCMPOU3BOOAUMON CEHCOPHOM CTUMYNALIUU
BOOPCTBYIOLLEW MbILLUW, PETUCTPALIUAA OTBETA B KOPE MO3IrA METOJOM
LUMPOKOMOJIbHOW ONMTUYECKOW HEMPOBU3YATU3ALIUA
Kucnyxuna E.H. '*, NnayHoea H.B."2, LLapunos P.P.3, CypuH A.M."3, Bakaesa 3.B.",
Muuenuc B.I"."
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CoBpeMeHHble Helpobuonornyeckne noaxoabl MO3BOMSIOT MPOBOAWTL  LUMPOKUIA
CNeKTp uccrnegoBaHui Ha 60OPCTBYIOWMX KMBOTHbIX. PasnuuHble MeToabl, Takue Kak
OBYX- U Tpex-hOTOHHasi MUKPOCKONUSI, LUMPOKOMOSIbHAas ONTUYeckas HenpoBusyanusaums
(LLOH), MmoxHO co4veTaTb C cucTeMaMu uKcauum MoSOXKEHUsI rofnoBbl NpU obecneyveHnn
nnn3mn csobogHoro nepeasmkeHnss. MHorne HayyHble 3agadn TpebyloT MHOrokpaTHOM
nogayn OAMHAKOBOTO CEHCOPHOr0 CTUMYMa, YTO CIIOXHO peanu3yemMo Ha aKTMBHO
OBuXyLlemca XvMBOTHOM W TpebyeT nogbopa amnnuTyabl CTUMyna W MNpoToKona
CTUMYNALMN.

B paboTte Obinn MCNomnb30BaHbI MbILLN nMHUN C57BL/6J-Tg(Thy1-
GCaMP6f)GP5.17Dkim/J  (Jackson Laboratory), akcnpeccupyiouwme B  HepoHax
GCaMP6f — dnyopecLeHTHbI ceHcop MoHoB Ca?*. XXMBOTHbLIM B BO3pacTe 2,5 MecALeB
NPOBOAMIMN OMNepauMio «KpaHWarnbHOE OKHO», Takum oOpasoM, aKTMBHOCTb OONbLUMX
nonywapuin MOXHO 6bIfo  perucTpupoBaTb CKBO3b Mpo3payHbii  Yepen. Cbemky
nposoaunu metogom LLIOH B pexume dnyopecueHumn (uamepeHuve [Ca?*i: Bo3byxaeHue
470 Hm, peructpaums amuccunm 520120 HM) OAHOBPEMEHHO CO CHLEMKOW B peXvMMe
OTPaXeHHOro cBeTa (remoguHamuka: cBeTopaccesHue 505 HM) ¢ vactoTton 20 'y ans
Ka)kgoro M3 AByX CUrHasnoB.

Bbina paspaboTaHa MeToauka BOCMPOWM3BOAMMOW YyHUNATeparnbHOM 3pUTENbHON U
TaKTUMbHOW  CTUMyNAauMWM. NS  TakTUAbHOW  CTUMYNAUMM  MCMONb3oBanu  cnabdbin
anekTpuyeckun Tok amnnutygon 30 MmkA, 60 MkA n 90 MKA (BapbupoBana BBUAY
WHANBUAYanbHOW YyBCTBUTENBLHOCTM XUBOTHbIX). MbiaM 6binn MMNNaHTUPOBaHbI KonbLa
13 megmumHckon ctanu (tonwmHa 0,41 MM, dewyrp = 1,1 MM), 3aKpenneHHble Nog axunioBo
cyxoxunue. lNMposBoga kpenunu K KofbLam Mpy NOMOLLM CepUHOB TOMbKO Ha Bpems
3anucu.

Ona 3putenbHon ctumynaumm Genblin cBETOAMOL 3aKPEnnsnu HenocpedcTBEHHO Ha
WwTaTuBe Ans ronosbl. ABaxyp NpensiTCTBOBan nonagaHvio cBeTa B Nomne 3peHust BTOporo
rnasa. bbina nogobpaHa amnnuTyga Toka 125 MKA, 4TO cooTBeTcTByeT okono 5%
MaKCUMarnbHOW SPKOCTU UCMOSIb30BaHHOTO CBETOANOAA.

Bbinn npoTecTMpoBaHbl MPOTOKOMbI HEMPEPbIBHON CTUMYyNSUMK (4 C), UMMYNbCHOW
ctumynsaumm (200 mc x 4; 1Iy) n yacton ctumynauum (100 mc x 20; 5 lNu) pas3 B 20 ¢
(Bcero 10 nayek CTMMYnOB).

Kaxabin umnynec ctumyna Ha 150-200 mMc Bbi3biBan NOBbILLIEHWE BHYTPUKINETOYHOW
KOHUeHTpaumu Ca?* B KOHTpanatepanbHOW OTHOCUTENbHO CTUMyNa  NEepBUYHON
3pUTENBHOWN UNN CEHCOPHON Kope cooTBeTCcTBEHHO. K 250 Mc curHan pacnpocTpaHancs Ha
CMMMETPUYHYIO 30HY BO BTOPOM MonyLiapuu, 06nactu akTuBauum paclumpsinmcb, U 3atem
npovcxoauna nepegava curHana Ha peTtpocnneHuansHyto kopy. OT 1 Kk 4 ¢ cTumynsaumm
Habnoganocb yBenuyeHne NpuToKa KPoBU K aKTUBMPOBaHHBLIM 0bnacTsim.
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THE METHOD FOR REPRODUCIBLE SENSORY STIMULATION IN AWAKE MOUSE,
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OPTICAL MAPPING
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Pinelis V.G."
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A wide range of studies on awake animals become possible due to modern
neurobiology approaches. Various methods, such as two- and three-photon microscopy,
wide-field optical mapping (WFOM), can be combined with head fixation systems with the
illusion of free movement. Many scientific tasks require repeated delivery of the unified
sensory stimulus, which is difficult to implement on an actively moving animal. This
requires scrupulous selection of stimulus amplitude, and a stimulation protocol.

C57BL/6J-Tg(Thy1-GCaMP6f)GP5.17Dkim/J mice (Jackson Laboratory), which
express GCaMP6f, a fluorescent Ca®* ion sensor in neurons, were used in this work.
Animals at the age of 2.5 months underwent a “cranial window” operation, so the activity of
the cortex could be recorded through a transparent skull. Recordings was carried out by
the WFOM method in the fluorescence mode ([Ca®*]i measurement: excitation 470 nm,
emission registration 520 + 20 nm) and in the reflected light mode (hemodynamics: light
scattering 505 nm) simultaneously at a frequency of 20 Hz for each of the two signals.

A technique for reproducible unilateral visual and tactile stimulation was developed.
For tactile stimulation, a weak electric current with an amplitude of 30 pA, 60 YA, and 90
WA was used (it varied due to the individual sensitivity of the animals). Medical steel rings
were implanted (thickness 0.41 mm, dint = 1.1 mm) under the Achilles tendon. The wires
were attached to the rings with serfins only at a time of recording.

For visual stimulation, a white LED was mounted directly on a head stand. The
lampshade prevented light from entering the field of view of the second eye. A current
amplitude of 125 pA was selected, which corresponds to about 5% of the maximum
brightness of the LED used.

The following stimulation protocols were tested: continuous stimulation (4 s), pulsed
stimulation (200 ms x 4; 1 Hz) and frequent stimulation (100 ms x 20; 5 Hz) with stimuli
every 20 s, 10 stimuli packs total.

In these stimulation protocols an increase in the intracellular concentration of Ca?* was
caused at 150—-200 ms in the contralateral primary visual or sensory cortex, respectively.
By 250 ms, the signal propagated to the symmetric zone in the second hemisphere, the
activation areas expanded, and then the signal was transmitted to the retrosplenial cortex.
From 1 to 4 s of stimulation, there was an increase in blood flow in the activated areas.
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OpfHo 13 HanpaBneHU XeMOreHeTUKN — 3TO YNpaBfeHWe akTUBHOCTLIO ANEKTPUYECKU
BO3OYAMMBIX KMETOK, TaKMX KaK HEMPOHbI, KapaAMOMMUOLUNTbLI, BeTa-KneTkn nNogKenyno4Hon
xenesbl. OgHaKO LWMPOKO MWCMOMb3yeMble Ha AaHHbI MOMEHT XeMoreHeTuyeckue
WHCTPYMEHTbI HE NULLIEHbl HeJoCTaTKoB. Tak, U CEMENCTBO MeTaboTPOMHbIX pPeLenTopoB
DREADD, » nuraHg-3aBUCUMblE KaTUOHHbIE KaHanbl rpynnbl PSAM akTMBMPYHOTCS Y3KUM
CNEKTPOM  CUHTETUYECKUX FUraHOOB C  HESACHbIM  MEXaHW3MOM  MPOXOXAeHus
remaTtosHuedanuyeckoro bapbepa. OTO OOCTOATENbCTBO CHWMKAET WX LIEHHOCTb Kak
MOMEKYNAPHOro MHCTPYMEHTa Afsi MHOTOKaHarnbHOW (T.e. OAHOBPEMEHHON 1 HE3aBUCUMOW)
CTUMYISALMM HECKONBKUX KINETOYHBIX NONYNAUMNA in Vivo.

B HacToswen pabote Mbl npeanaraemM MCMonNb3oBaTb BKYyCOBble peLenTopbl
Hacekomblx (rpynnel DmGr43-like) B kayecTBe MHOrOKaHanbHOMO XE€MOreHeTU4eCcKoro
WHCTPYMeHTa. 3TN peLenTopbl, SBMAAIOWMECA KaTUOH-HECENeKTUBHLIMA  MOHHBIMU
KaHarnamu, UWMEKT [OEeCSATKM  BbICOKO  CMeunMdWYHbIX NUraHgoB,  NOTEHUMarnsHO
MO3BONSAIOWNX B YCIOBUAX [ETEPONOrMYecKkol 3JKCNpeccun ynpaensaTb OTAENbHbIMU
cybnonynaumusamu KneTok He3aBMCUMO ApYr OT Apyra.

Ona pemMoHCTpauun BO3MOXHOCTM WCMOMb30BaHWUSA pPeLienTopoB HaceKoMbIX B
Ka4yecTBe XEMOreHeTU4YeCKoro MHCTpyMeHTa Mbl BbiOpanu Tpu peuentopa knagsl DmGr43-
like c pasHom cneunduyHocTeto: BmGr9 (nuravg - dpykrosa), BmGr10 (nurang -
nHosuton), TcGr20 (nuvrang - manHuTon). Hamm 6bina ocyliecTBrneHa aKCnpeccusi Beex
Tpex peuentopoB B kneTtkax Hek293 n nokasaHa ux membpaHHas nokanusauus. bbino
NPOAEMOHCTPMPOBAHO,  4YTO  KINETKW,  SKCTpeccupylolme  AaHHble  peuenTtopbl
OEMOHCTPUPYIOT CTPOro cneumduyecknini OTBET Ha CBOW NUraHd W He pearvpyloT Ha
noGaBneHne NUraHgoB ApYrMx peLenTopoB.

Ha cnepytowem 3Ttane wuccnegoBaHuss Mbl akcrnpeccupoBany BmGr9, BmGr10 wn
TcGr20 B 9nekTpoBO3OYAMMBIX KIEeTKax MbIM — HeWpoHax W kapavomuoumTax. C
nomoLlplo MeToAa current clamp Mbl 3aperMcTpMpoBanu noTeHuman AecTBUSA B OTBET Ha
noGaBneHne  COOTBETCTBYKOLUMX  NUraHAOB K HelpoHam.  [Ons  npoBepku
paboToCnoCOOHOCTN peLenTopoB B KAPAUOMMOLIMTAX MbIlK Obifl NPUMEHEH KanbLMeBbIn
ceHcop GCamp6s: Bce peuentopbl pearMposBanu Ha pgobaBrneHve  CBOEro
cneunuyeckoro nuraHaa u He oTBeYany Ha octasbHble.

Takum obpasom, Hamu Bbina NPOAEeMOHCTPUMPOBaHa MPUHLMNNANbHAS BO3MOXHOCTb
MCMONb30BaHUS BKYCOBbIX peLenTopoB Hacekombix BmGr9, BmGr10 n TcGr20 B kayecTBe
XEMOreHeTUYEeCKoro WMHCTpYMEeHTa Ans YnpasBfeHWUs akTUBHOCTBbIO 3MeKTpoBO3BYANMBIX
KNeTOK MIEKOMUTaKLLMX.
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' Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry RAS, Moscow, Russia
2 Institute of Higher Nervous Activity and Neurophysiology, RAS, Moscow, Russia
3 Lomonosov Moscow State University, Moscow, Russia
4 Skolkovo Institute of Science and Technology, Moscow, Russia
*E-mail: kolesov14@inbox.ru

Manipulating the activity of electrically excitable cells, such as neurons,
cardiomyocytes, and pancreatic beta cells, represents a major direction of chemogenetics.
However, there are obvious limitations characteristic of the currently used chemogenetic
tools. Thus, both a family of DREADD metabotropic receptors and the ligand gated cation
channels belonging to a PSAM group are activated by a narrow spectrum of synthetic
ligands with unclear mechanism of blood-brain barrier crossing. This fact reduces their
value as a molecular tool for multichannel (i.e., simultaneous and independent) stimulation
of several cell populations in vivo.

In the present work, we propose to use insect taste receptors (DmGr43-like group) as
a multichannel chemogenetic tool. These receptors, which are nonselective cation
channels, have dozens of highly specific ligands, potentially allowing independent control
of individual cell subpopulations under heterologous expression conditions.

To demonstrate the possibility of using insect receptors as a chemogenetic tool, we
selected three DmGr43-like clade receptors with different specificities: BmGr9 (ligand -
fructose), BmGr10 (ligand - inositol), and TcGr20 (ligand - mannitol). We expressed all
three receptors in Hek293 cells and showed their membrane localization. It was clearly
demonstrated that cells expressing these receptors show a highly specific response to
their ligands and do not respond to the ligands of ‘sister’ receptors.

In the next step of our study, we expressed BmGr9, BmGr10 and TcGr20 in
electrically excitable murine cells - neurons and cardiomyocytes. Using the current clamp
technique, we recorded the action potential in response to the addition of the
corresponding ligands to the neurons. The GCamp6s calcium sensor was used to test
receptor operability in murine cardiomyocytes: all receptors responded to the addition of
their specific ligand and did not respond to the others.

We thus provided a proof-of-concept regarding application of the insect gustatory
receptors BmGr9, BmGr10 and TcGr20 as a chemogenetic tool for controlling the activity
of electrically excitable mammalian cells.
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ONTONEHETUYECKOE BOCCTAHOBNEHUE 3PEHUA NPU 9KTOMUYECKON
SKCMPECCUM OMNMCUHOB XXMBOTHOIO MPONCXOXAEHUA B KINETKAX
CETYATKU
Konotoea [.E."*, Upxunosa O.C.", CmupHosa I".P.", Octposckuit M.A.2, Manbiwes A.FO."
"MIHCTWTYT BbICLLEN HEPBHOM AeATeNbHOCTY U Henpodmanonoru PAH, Mockea, Poccus
2 HCTUTYT Broxummyeckor duamkm um. H.M. Omanyana PAH, Mockea, Poccus
*E-mail: kolotova.darya@yandex.ru

Mpu aereHepaTuBHbIX 3aboneBaHusix ceTyaTkm npoucxoaunT rmbenb
doTopeLenTopHbIX KNeTok M noTepsa 3peHus. CyliecTByeT HECKONbKO MOAXOAOB K
BOCCTAHOBINEHWNIO 3PUTENbHbIX (PYHKLUUIA NpU Takux 3aboneBaHusiX, OOHUM W3 KOTOPbIX
SABMSAETCA OCYLLEeCTBMEHMNE IKTOMMYECKON IKCMPECCUN CBETOaKTUBUPYEMbIX MeMOpaHHbIX
GenkoB (OMNCMHOB) B HeWlpoHax ceTyaTku. B gaHHoM paboTe Mbl MccnegoBany OMNCUHBI
XMBOTHOTO  MPOMUCXOXAEHWS B  KayecTBe MOTEHUMaNbHbIX  WHCTPYMEHTOB  ANs
ONTOrEHETUYECKOro NPOTE3NPOBAHUST CETHATKM MPU UX IKCTIPECCUM B HEWpPOHAaX KynbTyp
runnokammna u cetyaTku.

JKcnpeccuio  OMCUHOB  (KOPOTKO- W CPeAHEeBOSTHOBOW OMCUHbI KONBoYek U OnCuH
nanoyek) B NEPBUYHbIX KyNbTypax runnokamna Kpbic obecneunsany npy nomowm metoga
anekTponopaumn B cycneHsmun. [Ans obecnevyeHnss aKTOMUMYECKOW IKCNPECCUMN OMCUHOB B
KneTkax CceTyaTKM nNpoBOAMNAcb WHTpaBUTpearnbHasi WMHBbEKUMS BUPYCHbIX YacTuu,
HecCyLMX reHbl ONCUHOB, B rnasa mbiwen nuHun C57Black/6, C3H/Crl 1 RD1_KO. Onsa
OLEHKM (DYHKLUMOHMPOBAHWS OMCUHOB B HENMPOHAaxX MNPUMMEHSANM OMNTUYECKYID OEeTEKUuo
TpaHcnokaumm ¢nyopecueHTHO-MeYeHHon Yy-cybbeanHuubl G-6enka (Ha KynbTypax) u
pernctpauuio MeToaoM MeTy KNsIMN B pexume «uernasi Knetka» (Ha KynbTypax wu
npenapaTax U30nMpoBaHHOW ceTyaTku). BoccTaHOBNEHNE 3peHns oLeHVBanu ¢ NOMOLLbIO
noBeAeHYeCKOro TECTUPOBaHUS B TpaneunesMaHoOM BogHOM nabupuHte Moppuca.

Y HenWpoHOB MNEPBUYHON KynbTypbl TUMAMNOKamna, TPaHCHULMPOBAHHLIX reHamu
uccnegyemblx OMNCUHOB, OTCYTCTBOBanM 3reKkTpoU3NONormyeckme OTBeTbl Ha CBET,
ofHako Obina nokasaHa akTuBauMs Nano4vkoBOrO OfNCWHA C MOMOLBIO  AeTeKuun
TpaHcnokauun y-cyobeanHnubl G-6enka. Mpu cBETOBOW CTUMYNSALMM FaHIIMO3HbIX KIETOK
ceTyaTKu, IKCMPEeCCUPYIOLMX KOPOTKOBOMHOBOW OMCWUH KONGOYeK WMAn ONCUH Narnouvex,
Habnoganacb ux AnuTenbHasi Aenonspusaums.

Bbino HanmgeHo, YTo BUMpYCHas TpaHcaykums cetyaTkn mblwen RD1_KO Bupycom ¢
KOPOTKOBOJSTHOBbIM KOMGOYKOBLIM ONCUHOM MO CUMbHBIM HECMELMEPUYECKMM NPOMOTOPOM
CAG BbI3bIBAaeT BbIPAXEHHYIO 9KCMPECCUI0 OMCUMHA B TaHMMO3HbLIX, OUMONSAPHBLIX K
rOPU3OHTamNbHbIX KrneTKkax. TeCTUpPOBaHWe TpaHCOAYLMPOBAHHBLIX XWBOTHbIX B BOAHOM
nabvpuHte Moppuca nokas3ano, YTO Y HMX YaCTMYHO BOCCTaHaBMNMBaETCs 3puTenbHasi
DYHKUMS. Takum ob6pasom, Hecrneunduyeckyto  3KTOMMYECKYIO  9KCMPEeccuio
KOPOTKOBOJSIHOBOrO KONIOOYKOBOrO OMCUHA B KIEeTKax ceTvaTky MOXHO paccMaTpuBaTth Kak
noTeHuManbHbIi cnoco® BOCCTAHOBMEHWSA 3peHus Mpu 3aboneBaHWsX, BbI3bIBAOLLMX
naTonorM4eckoe nepepoxaeHve ceTyaTku.
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OPTOGENETIC VISION RESTORATION VIA ECTOPIC EXPRESSION OF ANIMAL
OPSINS IN RETINAL CELLS
Kolotova D.E."*, Idzhilova O.S.", Smirnova G.R., Ostrovsky M.A.2, Malyshev A.Yu.!
"Institute of Higher Nervous Activity and Neurophysiology, RAS, Moscow, Russia
2Emanuel Institute of Biochemical Physics, RAS, Moscow, Russia
*E-mail: kolotova.darya@yandex.ru

Retinal degenerative diseases cause retinal photoreceptor degeneration and vision
loss. There are several approaches to restoring visual functions in such diseases. One
approach is ectopic expression of light-activated membrane proteins (opsins) in retinal
neurons. In our project, we investigated animal opsins as potential tools for optogenetic
vision restoration via their expression in hippocampal neurons and retinal cells.

The expression of opsins (short- and medium-wavelength cone opsins and rod opsin)
in primary rat hippocampus neurons was achieved using electroporation of cells in
suspension. To ensure ectopic expression of opsins in retinal cells, C57Black/6, C3H/Crl
and RD1_KO mice were injected intravitreally with viral particles carrying genes of opsins.
Optical detection of the translocation of the fluorescently labeled G protein gamma subunit
(on cultures) and whole-cell patch-clamp (on cultures and on isolated retina) were used to
assess the activity of opsins in neurons. Vision restoration was assessed using behavioral
testing in the trapezoid Morris water maze.

Primary hippocampal neurons transfected by the genes of the studied opsins showed
no electrophysiological responses to light. Nevertheless, rod opsin activation in such
neurons was demonstrated by detecting the G protein gamma subunit translocation. Light
stimulation of retinal ganglion cells expressing short-wavelength cone opsin or rod opsin
led to prolonged cell depolarization.

We found that viral transduction of the retina in RD1_KO mice with short-wavelength
cone opsin under a strong non-specific CAG promoter causes pronounced opsin
expression in ganglion, bipolar, and horizontal cells. Testing of the transduced animals in
the Morris water maze showed that they partially recovered visual function. Thus,
nonspecific ectopic expression of short-wavelength cone opsin in retinal cells can be
considered as a potential way to restore vision in diseases that cause retinal degeneration.
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FEHETUYECKWU KOOWUPYEMbIE CEHCOPbI CEMEMCTBA HYPOCRATES ANd
BU3YAITU3ALIUU (MCEBOO)TMMNOIrANOrEHHbLIX KUCNOT N X NPOU3BOAHbIX
KocTiok A.U. 123 * TocyHsiH M.-A.458, Paesckuii P.W.", MaHoea A.C."23, Cepreesa A.[."7,
Anylwkesny C.B. '8, BapaHos M.C.19, MecceHc 1.456, Benoycos B.B.123.10.11,
Bunan [.C.128
"UHcTUTyT BUoopraHudeckon xummum um. M.M. WemsikuHa n FO.A. OBunHHUKOBa, MockBa,
Poccust; 2 LieHTp BbICOKOTOYHOTO peAakTUpPOBaHUs U FeHeTUYECKUX TEXHOMOMMIA Ans
6romeamnumHbl, PHAMY um. H.W. Muporoea, Mocksa, Poccus; ® NaBopatopust
aKcnepumMeHTasnbHol oHkonorun, PHAMY um. H.W. Muporoea, Mockea, Poccus; * VIB-VUB
Center for Structural Biology, Bptoccenb, Benbrusi; 5 Brussels Center for Redox Biology,
Bptoccenb, Benbrus; 8 Structural Biology Brussels, Vrije Universiteit Brussel, Bproccens,
Benbrus; 7 Buonornyeckuii pakynbtet, MY um. M.B. NomoHocoBa, Mocksa, Poccusi;
8ArennoHcknii YHusepcuteT, dakynbteT Bruoxumumn, Bruodusuku n BuotexHonorum, Kpakos,
Monblua; ® HAJ xuMun nekapcTBeHHbIX cybetaHumii, PHUMY um. H.W. Muporosa, Mocksa,
Poccus; 10 degepanbHblil LEHTP Mo3ra 1 HeipoTexHonoruin ®MBA, Mocksa, Poccus;

" Institute for Cardiovascular Physiology, Georg August University Géttingen, FeTTuHreH,
FepmaHus
*E-mail: alexander.kostyuk@inbox.ru

(MceBpo)runoranoreHHble KUCNOTbl MPeAcTaBnsaioT coboi Knacc BbICOKOPEaKLMOHHbIX
MoOreKys1, KOTOpble BO3HWKAIOT MoA AENCTBMEM reMOBbIX MEPOKCUAA3 MO3BOHOYHBIX W CryxXaT
Ana 6opbbbl C NaToreHHbIMM MUKpoopraHnamamun. OfHako, B Tex Criyvasx, Korga ux CuHTes
BbIXOAWUT M3-NMOA KOHTPOMS, OHWU MOBPEXAaloT COOCTBEHHbIE TKAHW OpraHW3ama W BHOCHAT
CYLLIECTBEHHBbIN BKMaj B pa3BUTME Kak OCTPOro, Tak M XpOHUYECKOro BocnaneHus. o cux nop
B NnuTepaType He ObinuM OnucaHbl MHOTME acnekTbl OKUCMUTENbHOro CTPecca, Bbl3bIBAEMOro
obcyxaaemMbiMy COEANHEHUAMU, @ KOHKPETHbIE MOMEKYNSPHbIE MeXaHW3Mbl, KOTopble nexar
B OCHOBE WX TOKCMYeckMx adpdpekToB, ocTaloTca HescHbIMU. B nepsyto ovepedb nogobHoe
MorioXkeHe Aen CBA3aHO C TeM, YTO TPaAULMOHHbIE aHanNUTUYeckue MeToAbl MO U3MEPEHUIO
(nceBao)runoranoreHHbIX KUCMOT, K KOTOPbIM OTHOCSATCS XPOMOFEHHbIe Kpacutenu, a Takke
aeTekumnsi cneumduyHbIX MapkepoB, He cnocobHbl obecneymnTb xenaemyo YyBCTBUTENBHOCTb
1 NPOCTPaHCTBEHHO-BPEMEHHOE pa3peLLeHme.

[na npeoponeHus onucaHHoW nNpobnemMbl Hal KOMNMekTus paspaboTan reHeTnyeckm
Koaupyembln ceHcop, Hypocrates, KOTOpbIi He NOABEPXKEH MEepevncrneHHbIM HepocTaTkam.
Hypocrates 6bin  nmomnydyeH nyTemM MHTErpauMm  KpyroBoro nepmyTaHTa  Kentoro
dnyopecueHTHOro 6enka B obnacTb NOABWXHOW MNETNM TPaHCKPUMLMOHHOIO penpeccopa
NemR. B npucytctBue BCex (NCeBOO)rMNOranioreHHbIX  KUCNOT, a Takke  UX
peakLMOHHOCNOCOBHBIX NPON3BOAHbIX, WHCTPYMEHT  OEeMOHCTpUpyeT  obpaTumblii
pauMoMeTpuYecknin OTBET C MakCUManbHOW amnnuTygon okono 2 pas. WccneposaHus
KMHETUYECKUX CBOWCTB CeHCcopa Mokasanu, 4Yto OH obragaeT Heobbl4HO BbLICOKOM
YYBCTBUTENBHOCTBIO K ranamuHam (~6.1x10* M-' c¢'), koTopble, no Bceit BUAUMOCTH,
BbICTYNawT ero ¢u3nonormyeckuMmmn mulleHsaMu. Hypocrates xapaktepusyeTcsi BbICOKOW
CEeneKTUBHOCTLIO B OTHOLLEHUW LieNeBbIX aHaNMToOB 3a UCKMIOYEHNEeM HEKOTOPbIX apTedakToB,
BO3HMKaIOLWMX MOA AeicTBMEM NepokcMHWUTpuTa. Ham Takke yganocb pacmdpoBaTb
NPOCTPaAHCTBEHHYIO CTPYKTYpYy CEHCOpa, YTO MpOonMBaeT CBET He TOMbKO Ha MexaHu3M ero
PYHKLMOHMPOBAHNSA, HO 1 APYTNX MHAMKATOPOB CO CXOXUM CTpoeHueM. Hypocrates nogxoaut
ANA pelleHns LUMPOKOro Kpyra uccriegoBaTenbCkuxX 3adady C BOBMEYEHMEM MOAEMbHbIX
CUCTEM pa3HOrO YPOBHSI CMOXHOCTW. B 4acTHOCTW, C ero MomoLLbl Mbl BM3yanu3vpoBanu
pepokc-cTpecc B kuBbIX OakTepusx, arouMTUpyemMbliX NepBUYHLIMU - HeWTpodunamm
yenoBeka, a Takke B TkaHax Danio rerio, noaBep>XeHHbIX BOCNaneHuio. Ha TekyLumMn MOMeHT
HalmM uccnegoBaHWA  COCPEdOTOMEHbl Ha MOMYyYEeHWM HOBbIX BEPCUA WHCTPYMEHTa C
ONTUMM3NPOBAHHLIMW NapaMeTpamu. Hanpumep, Ham yganochb cosgaTb PS4 KOHCTPYKUUA C
yBenuyeHHon (BNnoTb Ao 5-6 pa3) amnnmTyaon oTeeTa.
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(Pseudo)hypohalous acids are highly reactive molecules that emerge under the action
of vertebrate heme peroxidases and serve to confront pathogenic microorganisms.
However, when their synthesis gets out of control, they damage the host tissues and make
contribution to the development of chronic and acute inflammation. Up to now, many
aspects of oxidative stress caused by these compounds have not been described in
literature, and exact molecular mechanisms underlying their toxic effects remain unclear.
The main reason for this situation is that traditional analytical methods for
(pseudo)hypohalous acids measurement, which include chromogenic dyes and detection
of specific markers, are not capable of providing the desired sensitivity and spatiotemporal
resolution.

To overcome the described problems our team has developed a genetically encoded
sensor, Hypocrates, which is not prone to such drawbacks. Hypocrates was constructed
by integrating circularly permuted yellow fluorescent protein into the flexible loop of
transcription repressor NemR. All (pseudo)hypohalous acids and their reactive metabolites
trigger reversible ratiometric response of the instrument with the maximum amplitude of
two times. Kinetic experiments revealed that the sensor demonstrates an unusually high
sensitivity towards halamines (~6.1x10* M-! s~"), which apparently are its physiological
targets. Hypocrates is highly selective for the specific analytes, with the exception of some
peroxynitrite-related artifacts. We also managed to decipher the spatial structure of the
sensor, which sheds light not only on the mechanism of its functioning, but of other
indicators with similar architecture. Hypocrates is suitable for achieving various research
goals with implementation of model systems of different complexity. In particular, we used
it to visualize redox stress in live bacteria phagocytosed by primary human neutrophils, as
well as in Danio rerio inflamed tissues. Our current investigation is focused on the
development of new versions of the instrument with optimized parameters. Thus, we
obtained a number of constructs with enhanced response amplitude (up to 5-6 times).
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leHeTMYeCcKn Koaupyemble GUOCEHCOpbl Ha OCHoBe  (hflyopecLeHTHbIX  Gernkos
MCMOMb3YIOT B COBPEMEHHBLIX MWCCrefoBaHusiX B obractu GuonorMv v meauuuHbl  Ans
peructpaumMn  OMHaMUKW  pasfuyHbIX  Ouonormyecknx  npoueccoB.  OKUCIMTENbHO-
BOCCTaHOBWTENbHbIE (fanee pefokc-) peakumm NpoucxXoasT B KIeTkax kak B HopMe, Tak U npu
Pa3BUTUN Pa3NIUYHbIX NAaTONOrM4YecKmnx COCTOSIHUN. I/I3yquv|e ANHaAMUKN peaKLu/u7| C y4yacTtunem
KOPOTKOXMBYLLNX COB,D,I/IHEHI/II;I C BbICOKOWN peaKLlI/IOHHOI7I CMOCOBOHOCTBIO B XUBbIX LLeNTOCTHbIX
cuctemax in vivo ctano Bo3MOXHO Gnarogaps nosiBNeHuto pefokc-6uoceHcopoB. HegaBHuMum
paspaboTkamu Hallen KomaHabl sBnsitoTca OGuoceHcop Hypocrates ans Budyanusauum
runoranoreHHoro ctpecca (HOCI, HOBr, HOSCN n nx npov3sogHble, Hanpumep, XfiopaMuHbl)
n 6uoceHcop Perslc ans Busyanusaummn nonucynbcdugoB. CBoncTBa AaHHbIX BroceHcopos
AeTanbHO OxapaKTepu3oBaHsbl in Vitro, Mbl NPOAEMOHCTPUPOBANN UX yCNELIHOe NPUMEHEHVE B
pasnuuyHblX Mopdensix in  vivo. BuoceHcopbl OTKPbIBAOT HOBble BO3MOXHOCTWM  ANs
nccnegoBaHWn  CNoXHbIX  Guonormyeckmx npoueccos. Hanpumep, MLWIEMWUYECKUA WHCYNbT
FONIOBHOrO MO3ra COMPOBOXAAETCH OCTPbIMM U3MEHEHUAMU MeTabonuaMa M CUrHanuHra
KNeTOK TKaHEW yxe C MepBbIX CEKyHA Mocfle OCTaHOBKWM KPOBOCHabXeHusi. B natoreHese
3a,D,eI7ICTBOBaHbI pas3nnyHble TUMbl KNeToK u TKaHeI7I, Nno3TOMYy BOCCO34aTb Takue YCrnoBuA B
cuctemax in vitro HeBo3MOXHO. Mbl pa3paboTanM nogxon Ha OCHOBE FEeHEeTUYEeCcKu
KOAMPYEMbIX GUOCEHCOPOB M OMTOBOSIOKOHHOIO MHTEPAENCa, YTO MO3BONSET PErMCTpUupoBaTh
OVHaMUKy GUOXMMUYECKMX MPOLIECCOB B MLUIEMU3UPOBAHHOW TKaHW in Vivo C MOMeHTa
OKKIMo3Mn apTepun. MpUMEHS [aHHY0 TEXHOMOMMo, Mbl BbISIBUNIM AOUHAMUKY HEKOTOPbIX
penokc-cobbITUiA 1 auuao3a B OCTPON hase MHCyNbTa, a Takke B NOCMEAyLmne HEeCKOSbKO
cyTOoK. Mbl CpaBHWNM OMHAMWUKY NPOAYKLMKU MEPOKCMAA BOLOPOAA B HEMpOHax M acTpouuTax,
YyCTaHOBMB, YTO MMEHHO acTpoLUTbl OTNMYaloTCA Bonbluen reHepaumen nepokcuaa sogopoaa
B obnactn uwemun. Mbl Takke nokasanu, 4To rmneprnmkeMna He BIUAET Ha AUHAMUKY
nepokcuga Boaopoga npv  pasBUTAM  ULWIEMUYECKOTO MHCYnbTa, OAHAKo ycyryonser
nocrneacTeusi B Buae Gonbluero nospexaeHuss mosra. lNpu pasBuTUM Takoro CrOXHOro
3aborneBaHusi kKak MHCYNbT MOryT GbiTb 3a4e/CTBOBaHbl pa3Hble CTPYKTYpbl MO3ra, B TKaHAX
KOTOPbIX AMHAMMKA MaTOSIONMYEeCcKMX TMPOLECCOB MOXET OoTnuyaTbes.  MMnnaHtupys
OonTnyecKkne BOJIOKHa B pasHble KOOpAMHATbl MO3ra, Mbl CPaBHWUMKU, KaK NpoTeKkaeT AMHaMuka
aumaosa B LiEeHTparbHOM 06nacTu ULEMUYECKOro NMOBPEXAEHUS, @ Takke B 30HE MEHYMOpbI.
Zebrafish Danio rerio npuobpeTtaer Bce OGomnbluytd MONYNsiPpHOCT B MWpE B KadyecTse
MoaenbHoro obbekTa Ans in vivo nccnegoBaHwin, B TOM YMCHE AN U3y4eHUst GUOXMMUYECKUX
MpPOLECCOB, JeXaliMx B OCHOBE pasfuuyHblx 3aboneBaHuit. Mbl  Takke npUMeEHsieM
pa3pabaTbiBaemble 6uoceHcopbl B TKaHax D.rerio onsi vccnegoBaHusi BocnanuTesbHbIX
peakumn. CosgaHHas nnatdopma UcCrnefoBaHns C NPYMEHEHNEM reHeTUYECKU KOAMPYEMbIX
GUOCEHCOPOB MOXeT ObiTb MNpUMeHeHa [Ana peanusauuyM LUMPOKOro crekTpa 3ajady B
ncenenoBaHusx in vivo.
lpu noddepxke epaHma PH® 22-15-00299.
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Genetically encoded biosensors based on fluorescent proteins are used in modern
research in biology and medicine to record the dynamics of various biological processes.
Redox reactions occur in cells both in normal conditions and during the development of
various pathological conditions. The study of the dynamics of reactions involving short-
lived highly reactive compounds in vivo has become possible due to the development of
redox biosensors. Recent developments by our team include Hypocrates biosensor for
hypohalous stress imaging (HOCI, HOBr, HOSCN and their derivatives such as
chloramines) and Perslc biosensor for polysulfide imaging. The properties of these
biosensors have been characterized in detail in vitro, and we have demonstrated their
successful application in various in vivo models.

Biosensors open up new possibilities for studying complex biological processes. For
example, an ischemic stroke of the brain is accompanied by acute changes in the
metabolism and signaling of cells from the very first seconds after the blood supply stops.
Various types of cells and tissues are involved in pathogenesis; therefore, it is impossible
to recreate such conditions in in vitro systems. We have developed an approach based on
genetically encoded biosensors and a fiber optic interface, which makes it possible to
record the dynamics of biochemical processes in ischemic tissue in vivo from the moment
of arterial occlusion. Using this technology, we revealed the dynamics of some redox
events and acidosis in the acute phase of a stroke, as well as in the next few days. We
compared the dynamics of hydrogen peroxide production in neurons and astrocytes,
establishing that it is astrocytes that are characterized by greater generation of hydrogen
peroxide in the ischemic region. We have also shown that hyperglycemia does not affect
the dynamics of hydrogen peroxide during the development of ischemic stroke, but
exacerbates the consequences in the form of more brain damage. With the development
of such a complex disease as a stroke, different brain structures may be involved, in the
tissues of which the dynamics of pathological processes may differ. By implanting optical
fibers in different coordinates of the brain, we compared how the dynamics of acidosis
proceeds in the central area of ischemic damage, as well as in the penumbra zone.

Zebrafish Danio rerio is becoming increasingly popular in the world as a model object
for in vivo research, including the study of biochemical processes underlying various
diseases. We are also using developed biosensors in D. rerio tissues to study
inflammatory responses.

The created research platform using genetically encoded biosensors can be used to
implement a wide range of tasks in in vivo research.

Supported by RSF grant 22-15-00299.
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HENMMHEMHO-ONTUYECKAA MUKPOCKOMUA PEOOKC-EMOCEHCOPOB B XXUBbIX
XNBOTHbIX
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LLivpokuin nnact paboT N0 MOHUTOPUHIY aKTUBHbIX hopM kucnopoga (APK) in vivo ¢
KNeTOYHbIM paspeLleHem bbin NpoBeAeH NPy MOMOLLM LUMPOKOMNOMbHOW M KOH(OKanbHOM
hrnyopecLeHTHON MWKPOCKOMWM Ha ONTMYECKM MNpo3payHbiX Guonormyeckux obbekTax:
Caenorhabditis elegans, nwianHkax Danio rerio w Xenopus laevis. [lepexon Ha
uccnegoBaHMe pPedoKC CUrHamuHra y rpbi3yHoB, 6Gornee 6nuskon Mogenu 4erioBeky,
3aTpyaHUTENEH N3-3a CUNBbHOIO PacCestHnst TKaHW B ONTUYECKOM AuanasoHe. OgHuMm u3
peleHMn npobrnembl  SABNSETCA  BXMBMEHME  CBETOBOAHbLIX  30HAOB,  YCMELUHO
NMPUMEHEHHbIV AN WUCCReAoBaHWs AMHaMUMKM aumposa B rMyBoKMX Crnosx Kopbl U
XBOCTATOM $iAp€ MO3ra KpbICbl MPU ULIEMUYECKOM MHCYNbTe U penepdysmmn (Pochechuev
M.S., et al., 2022). CybkneTo4yHoe NpOCTPaAHCTBEHHOE pa3peLleHne Ha rmybuHax 4o 1 Mm
B OMOTKaHW B NEpPCneKTMBe MOXET NPefoCTaBUTb ABYX(OTOHHbLIN ONpoc ceHcopoB. Mbl B
paboTe obpaliaem BHMMaHWE Ha psg BaxHbIX nNpobrem, ConpoBOXAaloLWMX nepexoa K
HENMUHENHO-ONTUYECKON BM3yanu3aumm peaoKC CEHCOPOB B KMBbIX JKMBOTHbIX. Mbl
paspabotanM  MHCTPYMEHTapun  ONns  KONUMYECTBEHHOTO  U3MEpPEeHWs  CMeKTpoB
appeKkTnBHOCTH ABYXADOTOHHOrO BO30OYyxaeHusi ceHcopoB ADK. 3To no3Bonumno n3amepuTb
HenvHerHble cBoMCTBa psga ceHcopoB  SypHer3s, HyPer7, Hypocrates, pansa
JanbHenlero av3avHa ABYX(OTOHHOIO 3JKCNepuMMeHTa C MakCMManbHOW SPKOCTbIO W
OnHamuyeckum gmnanasoHom oTteeTa (Chebotarev A.S., et al., 2021). MNMpegnoxeHa cxema
ABYX(OTOHHOrO onpoca pPaTUOMETPUYECKUX CEHCOPOoB Ha 6ase OAHOro mnasepHoro
reHepatopa, KoTopas MO3BONSET 3anucbiBaTb AUMHAMWKY CWUrHana, BO3HMKaloLWwero
3HAOreHHbIM unNu  ak3oreHHbIM nytem (Chebotarev A.S., et al.,, 2020). HakoHeu,
npeacTaBrneHbl NepBble pe3dynbTaThl N0 BU3yanu3aLunyM CEHCOPOB B renatoumuTax nevyeHu un
nMpaMuaanbHbiX HEMPOHOB rNMyBOKMX CNOEB KOpbl MO3ra aHECTE3NPOBAHHON MbILLN.

Paboma no pasgumuio  HenuHelUHO-onmuyeckux mMemodos  eusyanusauyuu
rnoddepxaHa epaHmom PH® Ne 22-72-10044.
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A wide spectrum of works aimed on the in vivo monitoring of reactive oxygen species
(ROS) with a cellular resolution in optically transparent biological models (Caenorhabditis
elegans, Danio rerio and Xenopus laevis larvae) has been performed using wide-field and
confocal fluorescence microscopy. A switch to the study of redox signaling in rodents, a
closer model to humans, is difficult because of the strong scattering of the tissue in the
optical range. One solution of the problem is the implantation of special optical fibers for
excitation and reading the indicators of ROS. This method has been successfully applied
to study the dynamics of acidosis in the deep layers of the cortex and caudate nucleus of
the rat brain during ischemic stroke and reperfusion (Pochechuev M.S., et al., 2022).
Subcellular spatial resolution at depths of up to 1 mm in the biotissues could be provided
by two-photon interrogation of fluorescent sensors in perspective. We have developed a
toolkit for quantitative measurement of a two-photon excitation efficiency spectrum of ROS
sensors. This allowed us to measure the nonlinear properties of a number of sensors
SypHer3s, HyPer7, Hypocrates, to further design two-photon experiments with maximum
brightness and dynamic response range (Chebotarev A.S., et al., 2021). A scheme for
two-photon interrogation of ratiometric sensors based on a single laser oscillator has been
proposed, which allows recording the dynamics of the signal arising endogenously or
exogenously (Chebotarev A.S., et al., 2020). Finally, the first results on imaging ROS
sensors in hepatocytes of the mouse liver and in pyramidal neurons of the anesthetized
mouse brain cortex are presented.

The work on the development of nonlinear optical imaging methods was supported
by the Russian Science Foundation with grant No. 22-72-10044.
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WHT’MBUPOBAHUE BOOHOIO KAHAJIA AQP4 BbI3bIBAET YCUJIEHUE Alb®A-
CUHYKINEMHOBOM NATOJIOMMX B YEPHOW CYBECTAHLIUM B MOOENN BEOJIE3HU
NAPKUHCOHA Y KPbIC
JlanwwuHa K.B.*, KancmaHosa M.I1., XanuHa M.B., lN'yseeB M.A., Exumosa .B.
MHCTUTYT 3BOMIOLMOHHON cbusmonorum n 6uoxummm nm. .M. CeueHoBa PAH,
Cankr-lNeTepbypr, Poccus
*E-mail: ksenia.lapshina@gmail.com

MN3BecTHO, 4TO BOAHLIN KaHan aksanopuH-4 (AQP4) sBnaeTca BaXXHbIM KOMMNOHEHTOM
rmMmdaTnyeckon cucTemMbl, obecneumnBaroLLen O4YMCTKY NapeHXUMbl rOfIOBHOrO Mo3ra OT
pPasnuyHbIX MeTabonMTOB M aMunoMaoreHHblx G6enkoB. HapyleHue gyHKLMOHUMPOBaHMS
3TOM CUCTEMbl MOXeT CnocobCcTBOBaTb MPOrpeccMpoBaHnIo  HerpoaereHepaTUBHbIX
3aboneBaHuii, B TOM yucne 6onesuu MapkuHcoHa (BI). BaxHyo ponb B natoreHese Bl
urpaeT HapyweHue onguHra 6enka O-CMHyKneMHa W ero MnoCTTPaHCMSUMOHHbIE
mogudukauum (B YacTtHocTW, docdopunmpoBaHme no Ser129), cnocobeTeyowme
arperauMm n 06pa3oBaHMI0 TOKCUYHbIX OfIMFTOMEPOB, Bbi3blBAKOLLMX HenpogereHepaumio.
Llenb gaHHoOro nccnepoBaHUs - OLEHUTb BRNSHWE hapMakonormiyeckoro HrmbuposaHms
AQP4 Ha passBuTMEe O-CUMHYKIIEMHOBOW MaTonormm B KOMMAKTHOW 4acTu YepHou
cybcraHumm (kd4C) B Mogenu goknuHmdeckon ctagum bl y kpbic.

OKCNepyMEeHTbl BbIMOMHEHbl Ha camuax Kpbic nonynsuum Buctap. AKTMBHOCTb
BogHoro kaHana AQP4 nopasnanu ¢ nomolibio uHrMbutopa TGN-020, BBEegeHHoro B
6GOKOBOW enyaodek ronoBHoro mosra. Mogenb goknuHudeckon ctagum Bl nonyvanu ¢
NMoMoOLLbI0  cneundmnyeckoro uHrMbutopa npoTteacom naktauuctuHa (J1U), koTopbiv
BBOAUNM BunartepanbHo B k44C. [N OUEHKM AMHAMUKU O-CUHYKIEMHOBOW NaTonornu B
YepHON CyBCTaHUMM NPUMEHANM OBOWHOE WMMYHOMEYEHWE C MNPUMEHEHUEM aHTUTen
NPOTUB O-CUMHYKINEMHA W TUPO3VMHIMOPOKCMNAa3sbl, METOA «JIOByLlKA Ha uUnbTpe» WU
BecTepH-6noTTuHHr.

YcTaHoBneHo, yto JIL-mogene Bl xapakTtepr3oBanack NoBbILLEHNEM YPOBHS obLien
opMbI O-CUHYKMENHA, a Takke ero docdopunupoBaHHon no Ser129 u arperMpoBaHHON
dopm B YepHoi cybecTaHumn. C nomoLbo KOHAOKaNbHOW MUKPOCKOMWUM BbISICHEHO, YTO
JIL| BbI3bIBan HaKOMMEHWe O-CUHyKNnemHa B AodaMUHEpPrnyecknx HempoHax k44C.
MpepBaputensHoe BBefdeHne TGN-020 BbI3bIBANO 3HauMTenbHoe ycyrybnexne a-
cuHyknevHoBow natonorun B JlLU-mogenun Bl1, nposBnsBlieecs Hanninem B HeWpoHax
K4YC KpynHbIX arperatoB O-CUHYKNEMHa W YBENUYEHUEM cofepXkaHus obLuen,
doccopunmpoBaHHon no Ser129 u arperpoBaHHO OPM a-CUHyKneuHa B 1.6, 1.3 n 2
pasa COOTBETCTBEHHO MO CpaBHeHWO C pgenctenem ogHoro JIL. BeissBneHHoe Hamu
ycunenue JIL-mHayumpyeMon a-cuHyknenHoBorn natonorum B k44C npu MHrMGuposaHuu
AQP4 moxeT GbITb pe3ynbTatoM yXyAweHus rmmmMmdaTuyeckoro knmpeHca abeppaHTHOro
O-CMHYKNenHa n apyrmx metabonutoB M3 TKaHW ronoBHOro Moasra. [NonyyeHHble AaHHble
CBMOETENbCTBYIOT O  BaxHOM  BKknage AQP4 B MonekynsipHble  MeXaHu3Mbl
HenponpoTeKkuun, 1 MoryT MmeTb Bonbluoe 3HayeHue Ans pa3paboTkM HOBbIX NOAXOOOB
npeBeHTUBHOM Tepanuu Br1.

Paboma ebinonHeHa npu noddepxke epaHma PH® Ne 22-25-00607.
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INHIBITION OF WATER CHANNEL AQP4 AGGRAVATES ALPHA-SYNUCLEIN
PATHOLOGY IN SUBSTANTIA NIGRA IN A RAT MODEL OF PARKINSON’S DISEASE
Lapshina K.V.*, Kaismanova M. P., Khanina M.V., Ekimova |.V.

Sechenov Institute of Evolutionary Physiology and Biochemistry RAS, Saint Petersburg,
Russia
*E-mail: ksenia.lapshina@gmail.com

The water channel aquaporind (AQP4) is known to be an important part of glymphatic
system, which provides the clearance of brain parenchyma from various metabolites and
amyloidogenic proteins. Its dysfunction can contribute to the progression of
neurodegenerative diseases, including Parkinson's disease (PD). The central role in PD
pathogenesis belongs to the misfolding of the a-synuclein and its post-translational
modifications, particularly phosphorylation at Ser129, evoking the formation of toxic
oligomers of a-synuclein and the development of neurodegeneration. Our study was aimed
to evaluate the effect of AQP4 inhibition on the development of a-synuclein pathology in
the substantia nigra pars compacta (SNpc) in a rat model of the preclinical stage of PD.

The experiments were carried out on male Wistar rats. Water channel AQP4 was
inhibited using the inhibitor TGN-020 injected into the lateral ventricle of the brain. The
model of the preclinical stage of PD was reproduced using the proteasome inhibitor
lactacystin (LC) injected bilaterally into the SNpc. The a-synuclein pathology in the
substantia nigra was assessed using double immunostaining with antibodies against o-
synuclein and tyrosine hydroxylase, as well as filter trap assay and Western blotting.

In the LC model of PD, we observed an increase in level of the total, phosphorylated
by Ser129 and aggregated forms of the a-synuclein in nigral tissue. Confocal microscopy
revealed that LC injections evoked the accumulation of a-synuclein in dopaminergic
neurons of SNpc. The pretreatment with TGN-020 evoked the significant aggravation of a-
synuclein pathology in the LC-model of PD, which was manifested by the accumulation of
a-synuclein aggregates in SNpc and by the increase in the content of the total, Ser129-
phosphorylated and aggeregated forms of a-synuclein by 1.6, 1.3 and 2 times respectively
compared to LC alone. The aggravation of the LC-induced a-synuclein pathology in the
nigrostriatal system caused by pharmacological inhibition of AQP4 can be a result of the
impairment of the glymphatic clearance of aberrant a-synuclein and other metabolites from
brain tissue. Data obtained suggest an important contribution of the AQP4 to the molecular
mechanisms of neuroprotection and can be useful for the development of novel preventive
therapeutic approaches for PD.

Supported by the RSF grant Ne 22-25-00607.
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Bopbba ¢ nocneacTBMSMM MHCYNbTa — akTyanbHas npobrnema 34paBOoOXpPaHEHUsT BO
BceM mwupe. [oBpexaeHHble 06nacTu Mo3ra MMEKT OrpaHUyeHHble BO3MOXHOCTU K
pereHepaumMnm U eAVHCTBEHHbIM MyTEM BOCCTaHOBMEHUS YTpayveHHbIX OYHKUMIA SBRseTcs
HenpoHarnbHas nnactnyHocTb. C pasBMTMEM MEeTO4OB BM3yanusauuMum mosra nosiBunacb
BO3MOXHOCTb HEMOCPeACTBEHHOro HabnoaeHUs 3a nepecTpoiikon ceten B mosre. OgHUM
M3 TakMX METOLOB SIBMNSETCA LUMPOKOMONbHAA onTudeckas Henposu3yanusaums (LLOH).
LLIOH nos3BonseT perncTpupoBaTb aKTUBHOCTb HEWPOHOB KaK HamnpsMylo, Hanpumep,
NMOCPEACTBOM OLIEHKM KamnbLMEBbIX CWUrHamoB, Tak W KOCBEHHO, MO perucrpauuu
mMeTabonuyeckmx npoueccos B Mo3re. B aaHHon paboTte nayyeHbl BoamoxxHocTn LLUOH ans
aHanusa U3MEeHEHUI aKTUBHOCTM KOPbl MO3ra, BbI3BaHHbIX UHCYIbTOM.

B  okcnepumeHTax 6bina  Mcnomb3oBaHa  NIMHUS  TPAHCTEHHbIX  MbILLEW,
3KCMpEeccUpyloLWmMx B HerpoHax dryopecueHTHbI ceHcop Ca?* GCaMP6f (JAX stock
#025393). JlokanbHbI WHCYNbT MOAENWPOBanM npu noMowy oTOMHAYLUPOBAHHOIO
Tpombo3a (beHranbckuin pososbi(BP) 20 mr/kr, 6,7 mr/mn, B/B; nasep 532 Hm, 10 mBT, 10
MUH; @ = 2 mMm; AP = -1; ML = -2). AKTUBHOCTb MO3ra peructpuposanu metogom LUOH go
®T, yepes 3 MuH, 24 4 n 7 g nocne AT (kanbuwuii: Bo3byxaeHue 470 HM, ammncens 530 Hm,
20 lNu; remogmnHamuka: ceeTopaccesiHme 505 Hm, 20 My).

NameHeHuns dnyopecueHumm GCaMP6f y KOHTPOMbHbIX XXUBOTHbIX, COOTBETCTBYIOLLME
HOPMarnbHOW aKTMBaUuuW HEMWpPOHOB, cocTaenanu, B cpedHem, 11% (makcumym 47%) ot
6a30BOro ypoBHs1 nyopecueHuun. Ha nepBbiX MUHyTax Mocrne WHAYKUMW WHCYynbTa
Habnoganocb peskoe (6onee, yem Ha 200%) yBenuyeHwe ypoBHSA dnyopecueHUnn
CeHcopa, YTO MOXHO MHTEpPnpeTUpoBaTb Kak KanbLMEBYH AU3PErYnsUMIi0O B HeWpoHax
ovyara. B nopaxeHHoMm nonywapum y 4 13 9 mblwen B nepuod 3-10 MUH NOCne OKOHYaHUst
3acBeTkM nasepoM Obina 3apernctpMpoBaHa pPacrnpoCTPaHSOWANACA KOpTUKarbHast
genonapusaums. AHanu3 rnaBHbIX WM HE3aBUCKMMbIX KOMMOHEHT MO3BONWUMA BbIAENUTb
knactepbl  (QYHKUMOHanNbHOW akTMBHOCTW. [lpn 3TOM KnacTepbl KanbuuMeBOW W
reMoavHaMM4ecKon akTUBHOCTU UMENN pasHyro CTPYKTYPY. 30HbI KarnbLMEeBOW akTUBHOCTU
Y 340POBbIX XXMBOTHbIX 4aCTUYHO COBMadaloT C aHaTOMUYECKMMU 30HAMKN KOpbl. VIHCYnbT
BbI3bIBaeT HapyLleHNe pacnpeaeneHns KnacTepoB U HapyLleHne B3auMoaencTB1SA Mexay
30HaMW KOpbl, KaK B oyare, Tak 1 B yAaneHHbIX 06nacTsx.

Taknm o6pasom, LLUOH no3BonsieT oueHWBaTb OCTPble U OCTaBMeHHble 3MDEKThI
doKanbHOro WHCynbTa Ha KanbuueBbli romeoctas. MeToh noneseH Ans aHanusa
peopraHu3auumM  (OyHKUMOHAlNbHbLIX 30H KOPbl MO3ra, a Takke HeWHBa3UBHOIO
OTCNEeXUBaHUSA ANHAMUKN U3MEHEHUS pa3Mepa oyara UHCynbTa.
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ACTIVITY UNDER PHOTOTHROMBOTIC STROKE
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The struggle with the consequences of stroke is an urgent health problem worldwide.
Damaged brain tissue has limited possibilities for regeneration and the only way to restore
lost functions is neuronal plasticity. The development of brain imaging techniques provides
the opportunity to directly observe the brain networks reorganization. One of such methods
is Wide-Field Optical Mapping (WFOM). allows to detect neuronal activity both directly, for
example, by evaluating calcium signals, and indirectly, by registering metabolic processes
in the brain (Ma et al., 2016). In this paper, the possibilities of WFOM for analyzing
changes in the activity of the cerebral cortex caused by stroke are studied.

Transgenic mice expressing calcium fluorescent sensor GCaMP6f in neurons (JAX
stock #025393) were used in the experiments. Local stroke was modeled using
photoinduced thrombosis (Rose Bengal 20 mg/kg, 6.7 mg/ml, 1V; laser 532 nm, 10 MW, 10
min; @ = 2 mm; AP = -1; ML = -2). Brain activity was recorded by WFOM before
photothrombotic stroke, 3 min, 24 h and 7 d after (GCaMP6f: excitation 470 nm, emission
530 nm, 20 Hz; hemodynamics: light scattering 505 nm, 20 Hz).

Changes in GCaMP6f fluorescence in control animals corresponding to normal
neuronal activation were in average 11% (maximum 47%) from the baseline fluorescence
level. In the first minutes after the induction of stroke, a sharp (more than 200% from the
baseline) increase in the level of sensor fluorescence was observed, which can be
interpreted as calcium dysregulation in the neurons of the damage core. In the affected
hemisphere, spreading cortical depolarization was registered in 4 out of 9 mice in the
period 3-10 minutes after the end of laser illumination. Principal and independent
component analysis allowed us to identify clusters of functional activity. Clusters of calcium
and hemodynamic activity had a different structure. Clusters of calcium activity in healthy
animals partially coincided with the anatomical cortical zones. Stroke caused disruption of
cluster distribution and impairment of interaction between cortical zones, both nearby the
damage core and in remote areas.

Thus, WFOM allows us to evaluate the acute and delayed effects of focal stroke on
calcium homeostasis. This method is useful for analysis of cortical functional areas
reorganization, as well as for non-invasive tracking of changes in stroke core size.
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MHorne (OTOCUHTETMYECKME OpraHM3Mbl MCMOMb3YIT KapoTMHOWAbLI B KayecTBe
OOMOSNHUTENbHBIX ~ XPOMOMOPOB B COCTaBe  MUIMEHT-GENKOBbIX  KOMMIEKCoB,
obecneunBaox 3¢peKTMBHOE MOIMOLWEHNEe CBETa B CUHE-3eMeHOM 4acTu CrekTpa,
perynsiuvio NpoLeccoB TpaHcopMaumMn SHeprumM M 3awwuTy KIeToYHbIX MemBpaH oT
doTonoBpexaeHus. WccneposaHue NPUHLMNOB MOAYIbHOW opraHusauum
BOZOPAaCTBOPMMOrO OpaHXeBOoro kapoTuHouaHoro 6enka uuaHobakTepuit No3BoNUIO HaM
pa3paboTtatb MeToAbl COOpkM (DOTOyMNpaBnsAeMblX CMAUT-AOMEHHbIX CUCTEM U Crocobbl
[OOCTaBKM KapoTWHOMOOB B KreTouyHble MemGpaHbl. Benok-onocpedoBaHHas OocTaBka
OTKPbIBAET HOBblE BO3MOXHOCTM ANsl conoGunusaumyn rmapooGHbIX KapoTUHOMOOB U
KOHTPONMPYEMOro o6oralleHns KneToYHbIX MemBpaH NPUPOAHLIMM aHTUOKCUAaHTaMu, a
Takke No3BoNseT NPUCTYNUTL K UCCNEeAOBaHUIO Ha KIETOYHbIX MOAENSAX creumdunyeckoro
cemeiicTBa MPOTOHHbIX M HaTPUEBbLIX HACOCOB, CMOCOBHbLIX CBA3bIBATL KapOTMHOWAbL! B
KayecTBe [OOMOSIHUTENbBHOrO Xpomodhopa. B poknage GyayT packpbiTbl CTPYKTYpHble W
oyHKUMOHAmNbHbIE OCOBEHHOCTVM psda KapoTMHOWAHLIX 6GenkoB M ux MoauduKauumi,
ONTUMU3NPOBAHHbLIX AN ONTOrEHeTUYECKUX NMPUMOXKEHWIA.
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MULTICHROMOPHORE PHOTOACTIVE PROTEINS FOR OPTOGENETIC
APPLICATIONS
Maksimov E.G.
Lomonosov Moscow State University, Moscow, Russia
*E-mail: emaksimoff@yandex.ru

Many photosynthetic organisms use carotenoids as additional chromophores in
pigment-protein complexes to ensure efficient light absorption in the blue-green part of the
spectrum, regulation of energy transformation and protection of cell membranes from
photodamage. The investigation of the principles of modular organization of water-soluble
orange carotenoid protein in cyanobacteria allowed us to develop methods for the
assembly of photo-controlled split-domain systems and ways to deliver carotenoids into
cell membranes. Protein-mediated delivery opens up new opportunities for solubilization of
hydrophobic carotenoids, controlled enrichment of cell membranes with natural
antioxidants, and allows investigation of a specific family of proton and sodium pumps
capable of binding carotenoids as an additional chromophore on cellular models. The
report will reveal the structural and functional features of a number of carotenoid proteins
and their modifications optimized for optogenetic applications.
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PA3PABOTKA HOBbIX NOAXOAO0B K CO3O0AHUIO XMMEPHbLIX ONCMHOB And
ONTONEHETUYECKOIO MNPOTE3UPOBAHUA CETYATKU
MewankuHa .A.*, Hn B.W., ®upcos M.J1.

MHCTuTYT 3BONIOLUMOHHON cbuanonorum n Guoxmmun um. .M. CeveHosa PAH,
CaHkT-lMeTepbypr, Poccus
*E-mail: postoronniiW@yandex.ru

[MUrMEHTHBIN  PETUHUT ABNSETCS  LUMPOKO  PacrnpOCTPaHEHHOW reHeTUYecKon
NPUYUHOW CnenoTbl, MpW 3TOM uaeHTUdUUMpoBaHo 6Gonee 190 pas3nUUHbIX rEHOB,
MyTaumMm B KOTOPbIX MOryT mpuBoauTb k Hew (Daiger et al., 2013). OntoreHeTnyeckoe
npoTe3MpoBaHNe Npu 3TOM 3aboneBaHWM npegnonaraeT yHWBepcanu3auuvilo nogxopa K
BOCCTAHOBIEHWNIO 3pUTENbHON PYHKUMM 3a CYET NpUAaHUSA CBETOYYBCTBUTENbHOCTU
HEMpOHamnbHbIM  KNeTkaM  CeT4yaTKM,  COXpaHsloWMMCA  Mocne  AereHepauuu
doTopeLenTopHbIX KneTtok. W3-3a TOro, 4to AaHHble HEeWpPOHbl CeT4yaTKM He UMeroT
3MEMEHTOB MOPONOrMMn, XapaKTepHbIX Ans hOTOPELENTOPHbIX KNETOK, OHW He MOryT
obecneuntb  CpaBHUMYO  3PPEKTUBHOCTb  3IKCMIPECCMU  OMCMHOB, U NO3ITOMY
NPUHLMIMansLHON NpobneMon CTaHOBUTCS YyBCTBUTENBHOCTb NPOTE3MPOBaHHON CeTHaTKu.
PeweHne aton npobrnembl  BOBMEKaeT  HECKONMbko  3adady: 1.  coxpaHeHue
CBETOYYBCTBUTENbHOCTN OMCUHA, 2. YMy4YlleHWe COMPsXKEeHUs OncuHa C  Kackagom
nepejaun curHana B NpoTe3vMpyeMbiX  KrneTkax, 3. yBenuMyeHue  KIeTOYHOW
cneunuYHOCTH aKcnpeccumn oncuHa. PelueHne nepsbix ABYX 3apay TpebyeT pa3paboTku
HOBbIX BapuvaHTOB OMCMHOB HA OCHOBaHWW CyLLECTBYIOLUMX, XUMEPU3OBAHHbIX C
peuenTopamu, B3aUMOAENCTBYOLNMN c Goo-b6enkoBon cybveguHuLen,
obecneunBatoLLen nepegavy MetTaboTPOMHOro curHana B GUNONSAPHbIX KNeTkax ceTyaTku.
B Hawen paboTte 6binM MCNoOMb3oBaHbl MeTOAbl paumMoHanbHOro Au3danHa 6enkoBbIX
MOMeKyn Ans co3faHust NNasmMuaHblX BEKTOPOB Ans 9KCMPEeCcCUMM Xvumep pogorcuHa
yenoseka n GPCR, B3aumogenctsywowmx ¢ Gao. B kavectBe xumepusyemoro GPCR
KpOMe XxapakTepHoro anst 6unonsipHeix HepoHoB GRM6 (MeTaboTponHoro rmytamaTHoro
peuentopa) 6binun Takke B3ATbl HTR1B (peuentop cepoToHnHa) n MTR1A (peuentop
mMenaToHuHa). Ha ocHoBaHuu obwHocTu cTpykTypbl GPCRAns cosgaHusi xumep OT
pogoncuHa 6biny B3ATbl TPAHCMEMOPaHHbIE U BHEKINETOYHbIE Y4acTKM MOnekynbl, a oT
xumepusdyemblx GPCRBTOpble u TpeTbu uutonnasmatuyeckve netrivm u C-koHeud. Ons
Xapakrepusauum CBOWCTB MNOMYYEHHbIX XMMEPHbIX OMCMHOB Obina co3gaHa KreToyHas
TecT-cuctema Ha ocHoBe knetok SH-SY5Y, akcnpeccupytowas G-6enku 6unonsipHbix
HENPOHOB M Hecyllas reH TPaHCKPUMLUMOHHOro penopTtepa ypoBHA cAMP. Takada TecT-
cucTeMa Mo3BONSIET Pa3HECTU BO BPEMEHN MOMEHT akTMBaLMMW XMMEPHOTO ONCMHa CBETOM
M MOMEHT CUMTbIBAaHUSI CuUrHana KpacHoro dyopecueHTHoro 6enka mRuby2, uyTO
MO3BOSSIET CHU3WUTL (DOHOBYIO aKTMBALMIO TECTUPYEMOrO OMCUHA W  TECT-CUCTEMBI,
cooTBeTCTBEHHO. C  MCNOMb3oBaHWEM  MOMYYEHHOW  CUCTEMbl  NMaHupyeTcs
npoTecTMpoBaTth psafd MNOMYYEHHbIX XUMEPHbIX OMCMHOB W MPOBECTU WX CpaBHEHWE C
POAOMCUHOM.

Paboma noddepxaHa MuHobpHayku Poccuu, coenaweHue Ne 075-15-2022-296, Ha
cos0aHue U pas3gumue Hay4yHO20 UeHmpa Muposozo ypoeHsi «[lasmosckull ueHmp
«MHmeepamuesHas ¢usuomnoausi - meduuuHe, 8bICOKOMEXHO/102UYHOMY
30pasooxpaHEeHUKo U MEeXHOT02USIM CMPeCccoycmouvyugocmuy.
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DEVELOPMENT OF THE NEW APPROACHES FOR CHIMERIC OPSIN
CONSTRUCTION FOR OPTOGENETIC RETINA PROSTHESIS
Meshalkina D.A.*, Ni V.1., Firsov M.L.

Sechenov Institute of Evolutionary Physiology and Biochemistry RAS, Saint Petersburg,
Russia
*E-mail: postoronniiW@yandex.ru

Retinitis pigmentosa is a common genetic cause of blindness, with more than 190
different genes identified that can be mutated (Daiger et al.,, 2013). Optogenetic
prosthetics for this disease provides the universalization of the approach to the restoration
of visual function by imparting light sensitivity to neuronal retina cells that persist after
degeneration of photoreceptor cells. Due to the fact that these retinal neurons lack
morphological elements characteristic of photoreceptor cells, they cannot provide a
comparable efficiency of opsin expression, and therefore the sensitivity of the prosthesized
retina becomes a fundamental problem. The solution to this problem requires research in
several directions: 1. maintaining the photosensitivity of opsin, 2. improving the coupling of
opsin to the signal transduction cascade in prosthetic cells, 3. increasing the cell specificity
of opsin expression. The first two directions require the development of new variants of
opsins based on existing ones chimerized with receptors interacting with the Gao protein
subunit, responsible for the transmission of a metabotropic signal in bipolar retinal cells. In
our work, methods of rational design of protein molecules were used to obtain plasmid
vectors for the expression of chimeras of human rhodopsin and GPCRs interacting with
Goao. As a chimerizable GPCRs, in addition to GRM6 (metabotropic glutamate receptor)
characteristic of bipolar neurons, HTR1B (serotonin receptor) and MTR1A (melatonin
receptor) were also taken. Based on the common structure of all GPCR, to obtain the
chimeras transmembrane and extracellular regions of the molecule were taken from
rhodopsin, and second and third cytoplasmic loops and the C-terminus were taken from
chimerized GPCRs. To characterize the properties of the obtained chimeric opsins, we
created a cellular test system based on SH-SY5Y cells, which expresses the G-proteins of
bipolar neurons and carries the transcriptional reporter for the cAMP level. Such a test
system makes it possible to separate in time the moment of activation of the chimeric
opsin by light and the moment of reading the signal from the red fluorescent protein
mRuby2, which makes it possible to reduce the background activation of the tested opsin
and the test system, respectively. Using the resulting system, it is planned to test a
number of obtained chimeric opsins and compare them with rhodopsin.

Supported by the Ministry of Education and Science of the Russian Federation,
agreement No. 075-15-2022-296, for the creation and development of a world-class
scientific center "Pavlov Center "Integrative Physiology - Medicine, High-Tech Healthcare
and Stress Resistance Technologies".
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MoaynAUUA KNETOYHbIX MEXAHU3MOB 3AMOMUHAHUA NYTEM
CENEKTUBHOW ONTONEHETUYECKOM AKTUBALIUKM ACTPOLIUTOB
rMMNMNOKAMMA MbILLUEA NMUHUM CD1
Muxainos W.I."2* Asgeesa A.lO.3, LLlysaes A.H.2
T Cubupckuin hepepanbHbiii yHusepcuteT, KpacHosipck, Poceus
2 KpacHoApCKMI rocyaapCTBEeHHbI MEeAULIMHCKUIA YHUBEPCUTET UM. Npod. B.d. BoliHo-
AceHeukoro, KpacHosipck, Poccus
3 UucTtnTyT dusukm um. J1.B. Kupenckoro UL, KHLL CO PAH, KpacHospck, Poccust
*E-mail: medw.medwed2015@yandex.ru

AcCTpouUTbl ABNSATCS HEBO3OYAMMBIMU KNEeTKaMu Mo3ra W, Kak YCTaHOBMEHO B
nocnegHee Bpems, 3MEPEKTUBHO MOAYMUPYIOT aKTUBHOCTb HEeWpOHasbHbIX ceTel Ha
pasHbix ypoBHsx LIHC. B 4yacTHOCTW, MMEITCA BeCKMe OCHOBaHWS monaraTb, YTO OHU
UrparT BaXXHENLLY porib B npoleccax (hopMMpoBaHMS NaMaTu 3a CYET B3auMoOOeNCTBUS
C nokanbHbIMU HelipoHamu. Llenbio nccnenoBaHust SiBASIiETCS OLEHKa BKNaga acTpouMToB
B dopmuMpoBaHMe namMATM Ha YpoBHe runnokamna. Msbl npegnonaraem, 4To
OnNTOreHeTn4yeckas akTuBaums acTpoLMTOB NPUBEAET K BblAENEHUIO IMNOTPaHCMUTTEPOB U
YNyYLWeEHUO 3aNOMUHaHNS Y MbILLEN.

B aToM wuccnegoBaHuu ucnonb3oBanu 12-HeaenbHbIX camMoK Mbiwern CD-1. Mebl
Beoannm AVV GFAP-CatCh(PM)-eYFP (3 mkn) B CA3 30Hy o06oOMXx runnokamnos
(AP-2.0 mm; ML+2 mm oT 6permbl; DV-2.0 mm). OnTocTMynsiuusa npom3sogunach yepes
7 OHen nocne BBefdeHus ¢ nomolpto ceetognona (A=480 HmM, 20 mc ¢ yactoton 0.1y),
MPUKPENEHHOTO Hag 30HOW WHBEKUMW K KOCTAM uYepena. YpoBeHb 3anoMUHaHus
oLieHMBancsa npu nposefeHun noeedeHyeckoro Tecta «Fear conditioning» (Adamsky A. et
al., 2018).

Mocne 3 gHA TecTpoBaHUsi YacTb MbllLe oTOMpanach Ans Hapesku XMBbIX CPE30B
(Shuvaev AN. et al., 2022) n panbHewnwen 3anucy nBICI B otBeT Ha TBS. Takxke yacTb
Mbllwen oTbupanace ana WX oueHkn cpesoB Mo3ra Ha YpoOBeHb akcnpeccun Genka-
MapKepa aKTUBHOCTU HEMPOHOB c-Fos.

OKCNepMMEHTarnbHO MOKa3aHo, YTO OMNTOreHeTUYeckas CTUMYINSIUMS acTpOLUTOB
rmnnokamna, akcnpeccupyrowmx CatCh, ycunusaet dopmuposaHne namatn (CatCh
hv+=4017.87%, CatCh hv—=17+5.07%, p=0.03). Takve XMBOTHblEe 3anOMWHAaIOT ny4lle
oKpyXXaloLlylo cpedy, B KOTOpPOW Mpoucxoauno ux obyveHwe p[AHEM paHee. 3To
noaoTBepxaaeTcst  aKcnpeccuend 6onbloro konudectBa 6Henka-mMapképa akTMBHOCTU
HelpoHoB c-Fos (2163.1£19.81/Mkm?) n (2027.2+28.8/MkM?), B cpesax Mo3ra Mblleit
rpynn CatCh hv+ n CatCh hv— cootBeTcTBeHHO, p=0.00037. Takke nony4yeHHble AaHHble
OEMOHCTPUPYIOT MNOSIBNIEHWE CUHANTUYECKOM nnactuyHocT B HelpoHax CA1  30HbI
runnokamna (CatCh hv+=148+£19.55%, CatCh hv—-=64.4+14.86%, p=0.01).

Bolpaxxaem 6narogapHocTe npod. C. KacnapoBy w3 yHuBepcuTeTa bpuctons
(BenukobputaHus) 3a npegocTaBneHHble onToreHeTudeckue AVV.
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MODULATION OF CELLULAR MEMORY MECHANISMS BY SELECTIVE
OPTOGENETIC ACTIVATION OF HIPPOCAMPAL ASTROCYTES IN CD 1 MICE

Mikhailov I.G."2* Avdeeva A.Yu.3, Shuvaev A.N.2

' Siberian Federal University, Krasnoyarsk, Russia
2Krasnoyarsk State Medical University named after prof. V.F. Voyno-Yasenetsky,

Krasnoyarsk, Russia
3 Kirensky Institute of Physics FRC SB RAS, Krasnoyarsk, Russia
*E-mail: medw.medwed2015@yandex.ru

Astrocytes are non-excitable brain cells and have recently been found to effectively
modulate neural networks at different levels of the CNS. There are good reasons to
believe that they play an important role in the processes of memory formation due to
interaction with local neurons. The aim of the study is to evaluate the contribution of
astrocytes to memory formation at the hippocampal level. We hypothesize that optogenetic
activation of astrocytes will lead to the release of gliotransmitters and improved memory in
mice.

This study used 12-week-old female CD-1 mice. We injected AVV GFAP-
CatCh(PM)-eYFP (3 pl) into the CA3 zone of both hippocampuses (AP-2.0 mm; ML+2 mm
from bregma; DV-2.0 mm). Optostimulation was performed 7 days after injection using the
LED (A=480 nm, 20 ms, frequency 0.1Hz) attached to the skull bones above the injection
zone. The memory level was assessed during the behavioral test “Fear conditioning”
(Adamsky A. et al., 2018 Jun 28).

After 3 days of testing, some mice were selected for cutting live sections
(Shuvaev AN. et al., 2022) and further recording of fEPSP in response to TBS. Also,
some mice were selected for IHC evaluation of brain slices for the level of expression of
the protein-marker of neuronal activity c-Fos.

Optogenetic stimulation of hippocampal astrocytes expressing CatCh enhances
memory formation (CatChhv+=40+7.87%, CatChhv—=17+5.07%, p=0.03). Such animals
remember better the environment in which they were trained the day before. This is
confirmed by the expression of a large amount of the c-Fos neuron activity marker protein
(2163.1£19.81/um?) u (2027.2+28.8/um?) in brain sections of mice of the CatChhv+ and
CatChhv— groups, respectively, p=0.00037. Also, the data obtained demonstrate the
appearance of synaptic plasticity in the CA1 neurons of the hippocampus zone
(CatChhv+=148+19.55%, CatChhv—=64.4+14.86%, p=0.01).

The authors are very grateful to Prof. S. Kasparov from the University of Bristol
(Great Britain) for providing optogenetic AVVs.
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PA3PABOTKA ®JTYOPECLEEHTHbIX TEHETUYECKU-KOOUPYEMbIX CEHCOPOB
KNETOYHOINO MEMBPAHHOIO NOTEHUUANA
Hukonaes [O.M.!, Mupoxos B.H.", MaHos M.C.23, PssaHues M.H."2*
' CaHkT-MeTepGyprckuii akagemuyeckunin yHusepeutet PAH nm. XK.U. Andepoea,
CaHkT-lMeTepbypr, Poccus
2 CaHkT-lMNeTepbyprckuii rocyaapcTBeHHbIN yHUBepeuTeT, CaHkT-MNeTepbypr, Poccus

3 CaHkT-lNeTepByprckuii rocyAapCTBEHHbI XMMMKO-(hapMaLeBTUYECKUIA YHUBEPCUTET,

Cankr-lNeTepbypr, Poccus
*E-mail: mikhail.n.ryazantsev@gmail.com

[eHeTNYeCKN-KOOMPYEMbIE  MHCTPYMEHTbI  HalM  LUMPOKOE  MPUMEHEHWe B
ONTOreHeTUYECKNX WCCNEeAOoBaHUAX [ON11 KOHTPONS HEeWpoHasribHOM aKTMBHOCTU U ee
BM3yanusaumu. B paHHoe Bpemsi ANs U3MEpPEeHWs akTUBHOCTM HEWPOHOB Haubornee
NCMNONb3yEMbIMW WHCTPYMEHTAMU SIBMSAOTCA KamnbuMeBble CEHCOpbl. ANbTEpPHATUBHBLIM
KNaccoM WHCTPYMEHTOB, KOTOpble MO3BOMSIOT HanpsiMyld PErMcTpupoBatb W3MEHeHWe
MeMOpaHHOro NoTeHumana ¢ BbICOKMM BPEMEHHBIM pa3peLleHneM, SABNSATCA NnoTeHumarn-
3aBUCMMble CeHcopbl MembpaHHoro noteHumana (GEVI), B 4acTHOCTW, CeHCopbl Ha
ocHoBe MembpaHHoro Oernka, apxeopogoncuHa-3 (Arch). BaxHbiM HanpaBneHvem
uccriefoBaHuin B 3aToM obnactu AensdeTca co3gaHue Hoebix GEVI ¢ yBenunueHHowm
WHTEHCUBHOCTbLIO (hrlyopecLeHUMn U COBUMHYTOW B AJIMHHOBOSTHOBYH 0OGnacTb MOocom
nornoteHus. NpeanoxeHHble Ha OaHHBbIA MOMEHT (PNyOpeCLIEHTHbIE CEHCOPbI HA OCHOBE
Arch nonyyeHbl MeTOAOM HarnpasfeHHON 3Bonouun. cnonb3oBaHne anbTepHaTUBHOMO
Nnoaxoda, pauMoHanbHOro Au3ariHa, orpaHMYMBanocb OTCYTCTBMEM AaHHbIX O AeTarbHOM
MeXxaHu3me, onpeaensioem NoTeHunan-3aBncnumyto yopecLeHLno 3TUX CEHCOPOB.

B paHHOW paboTte Obin  M3ydeH MexaHu3M, onpefensitowmn  UHTEHCMBHOCTb
cnyopecueHLMM 0OHOTO M3 Hauboree LUMPOKO MCMOMb3yeMbIX KMacCoOB CEHCOPOB Ha
ocHoBe Arch. Ha ocHoBe nonyyeHHbIX OaHHbIX NPOBeAEH paLMoHanbHbIA AU3alH HOBbIX
ceHcopoB. [MonyyeHHble Genku  xapakTtepusyloTcs  Hanbonee  CAOBWMHYTbLIMM B
ONMHHOBONHOBYIO 00OMacTb nosiocamy  NOFMOLWEHUS MO  CPaBHEHUO C  WU3BECTHbIMU
aHanoramu, a Takke KBaHTOBbIMU BbiXxOg4amMu bryopecLeHLNM cCpaBHUMbIMU C Hanbonee
SIPKMMU U LUMPOKO MCMOSIb3yeMbIMU B ONTOreHeTUKe ceHcopamm Ha ocHoBe Arch. B
noknage 6yayT pacCMOTpEHbI CyLECTBYOLME CEHCOopbl Ha ocHoBe Arch, GyaeT onvcaH
MCMNOMNb30BaHHbIN NOAX0A K An3aiiHy HOBbIX CEHCOPOB W MONy4YeHHble pe3ynbTaTtbl. Takke
OyoyT paccMOTpeHbl MOAXOAbl, KOTOPble MOIYT WCMOMb30BaTbCA ANA AanbHenwen
pa3paboTKy HOBbIX CEHCOPOB C YNy4LlEeHHbIMW XapakTepucTukamm.

Paboma ebinonHeHa Ha cpedcmea epaHma Poccutickoeo Hay4yHoeo ¢hoHOa Ne 20-13-

00303, npu noddepxke MuHucmepcmea ObpasoeaHusi u Hayku Pocculickol ®edepayuu
(npoekm FSRM-2023-0005).
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DEVELOPMENT OF FLUORESCENT GENETICALLY-ENCODED SENSORS OF CELL
MEMBRANE POTENTIAL
Nikolaev D.M.", Mironov V.N.', Panov M.S.23, Ryazantsev M.N."2*
"Nanotechnology Research and Education Centre RAS, Saint Petersburg Academic
University, Saint Petersburg, Russia
2 Saint Petersburg State University, Saint Petersburg, Russia
3 Saint Petersburg State Chemical Pharmaceutical University, Saint Petersburg, Russia
*E-mail: mikhail.n.ryazantsev@gmail.com

Genetically encoded tools have found wide application in optogenetic studies for the
control and imaging of neuronal activity. At present, the most widely used tools for
measuring the activity of neurons are calcium indicators. An alternative class of
instruments that allow direct recording of changes in membrane potential with high
temporal resolution are genetically-encoded voltage indicators (GEVIs), in particular,
sensors based on the membrane protein, archaerhodopsin-3 (Arch). An important area of
research in this field is the development of new GEVIs with increased fluorescence
intensity and red-shifted absorption band maxima. The currently proposed Arch-based
fluorescent sensors were obtained via a directed evolution approach. The application of an
alternative approach, rational design, was limited by the lack of data on the detailed
mechanism of voltage-dependent fluorescence of these sensors.

In this work, we studied the mechanism that determines the fluorescence intensity of
one of the most widely used classes of Arch-based sensors. Using the obtained data, we
performed a rational design of new sensors. The obtained proteins are characterized by
the most red-shifted absorption band maxima compared to Arch-based sensors reported
to date, as well as fluorescence quantum yields comparable to the brightest and most
widely used Arch-based sensors. The report will include the review of existing Arch-based
sensors, the description of the approach used for the design of new sensors in our work
and the obtained results. The approaches that can be used for further development of new
sensors with improved properties will also be considered.

Supported by Russian Science Foundation (project Ne 20-13-00303), the Ministry of
Education and Science of the Russian Federation (Project FSRM-2023-0005).
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PA3PABOTKA ®OTOYIMPABJIAEMbIX MOAYNIATOPOB NMYTAMATHbIX
MOHOTPOIMHbIX PELLIEMTOPOB AMPA U NMDA TUINOB
Hwvkonaes M. B.

WHCTUTYT 9BOMOLMOHHOM dounsmonorum n bmoxummm um. . M. CeyeHosa,
CaHkT-lMeTpebypr, Poccus
*E-mail: fmedfstud@gmail.com

[myTamaTHble WOHOTPOMHblE peuenTopbl obecneyvBaloT ObiCTpble  Mpouecchl
B0o3OyxaeHuss B LIHC NO3BOHOYHbLIX, MWrpaloT BaXHYH poOfib B  CUMHANTU4ECKOWM
nnacTU4yHOCTKM, npoueccax obydyeHns u namsTu, a UX rMnepakTueBauusi conpoBoXgaeT
MHOr“e nartorornyeckue coctosiHusi. PoToynpaBnsieMble nuMraHabl — 3TO NEPCMNEKTUBHbLIE
WHCTPYMEHTbl ANns W3y4eHus QyHKUMA rnyTamaTHbIX peuenTopoB C  BbICOYANLLUM
BPEMEHHbIM W MNPOCTPAHCTBEHHbIM paspelleHneM. PaspaboTka Takux COeLUHEHWN,
obnaparoLmx BbICOKOM AKTUBHOCTbIO, n3bnpaTenbHOCTbIO " ahdpekTom
doTonepeknoyeHnsi, SABNAETCA akTyanbHOMW npobnemon Heripodapmakonorun. Mol
CMHTE3MpOBanu cepuio azobeH3on-cogepxalumx aMMHOB U Uccnegosany Ux AencTene Ha
rnyTamaTHble WNOHOTPOMHbIE peuenTopbl AMPA " NMDA TMNoB B
ANeKTPOU3NONOrMHECKUX IKCMIEPUMEHTaAX Ha HeWpoHax Mo3ra KpbiCbl (M3TY Kriamn
perncTpauusi aroHUCT-BbI3BaHHLIX TOKOB B KOHUrypauuu «uenas knetkar). Bewectso
DENAQ (anatunamuH-a3o6eH30M-4eTBEPTUYHbIN aMMOHWI) U ero 6nmnskne CTPYKTYpHble
aHanorm  usdbupatenbHo yrHetanm  NMDA  peuentopbl, uXx genctesue  Obino
cBeTo3aBucUMbIM.  [Onsi coeguHenuss PyrAQ (nMpponuaunH-a3o6eH30n-4eTBEPTUYHbIN
aMMOHWI), Hambonee aktmBHoro B oTHoweHun NMDA peuentopoB, BenuuuHel VK50 B
ycnoBusix 6e3 ocBelleHust 1 B MOHOXPOMAaTMYECKOM cBeTe cocTasnsnm 2 u 14 mkM,
cootBeTcTBeHHO. PyrAQ yrHetaeT NMDA peuenTtopbl He 3aBUMCMMO OT KOHLEHTpauuu
aroHNUCcTa, aKTMBHOCTWU PEeLenTopoB, MMM MeMOpaHHOro noTeHumana, M no3ToMy MOXET
obecneuntb CTabunbHbIM  (POTOKOHTPONb FAyTaMaTHbIX PeLenTopoB B  pearnbHbIX
OVHaAMUYECKM MEHSIIOLUMXCS YCMOBMSX, COMPOBOXAAIOLMX CUHANTUYECKYI aKTMBHOCTb.
Bewectso QAQ (4eTBEpPTUYHbLIN aMMOHWI- a3006eH30M1- YEeTBEPTUYHBIN  aMMOHWIA)
SIBMSETCA CBETO3aBUCMMbIM BOKAaTOPOM MOHHbIX KaHamnoB kanbuui-npoHuuaemeix AMPA
peLenTopoB. OTO OTKPbIBAET NEepPCneKTMBbLI PaspaboTky cenekTUBHbLIX OToynpaBnseMbIxX
6nokatopoB gaHHoro noatuna AMPA peuenTopoB. Pe3ynbtatbl paboTel AEMOHCTPUPYIOT
NPUHLMNNANBHO pasHble BO3MOXHOCTWN KOHTPONS rryTaMaTHbIX MOHOTPOMHbIX peLenTopoB
C MOMOLb0 (POTOYYBCTBUTENMbHBLIX NWraHOOB 3a CYET B3aMMOAEWCTBUS C pPasHbIMU
yyacTkamu peuenTopoB W BaXkHbl NS AanbHenwen pa3paboTkM HOBbIX COEOQUHEHWUN C
BbICOKON aKTMBHOCTLIO Y M3GUPATENbHOCTLIO AENCTBUS.

Paboma ebinonHeHa rpu ¢ghuHaHcosol noddepxke PH® 8 pamkax Hay4HO20 npoekma
Ne 23-24-00481.
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DEVELOPMENT OF PHOTOCONTROLLED MODULATORS OF GLUTAMATE
IONOTROPIC RECEPTORS AMPA AND NMDA TYPES
Nikolaev M.V.
Sechenov Institute of Evolutionary Physiology and Biochemistry RAS, Saint
Petersburg, Russia
*E-mail: fmedfstud@gmail.com

Glutamate ionotropic receptors provide excitation processes in the CNS of vertebrates,
play an important role in synaptic plasticity, learning and memory processes, and their
hyperactivation accompanies many pathological conditions. Photocontrolled ligands are
promising tools for studying the functions of glutamate receptors with high temporal and
spatial resolution. The development of such compounds with high activity, selectivity, and
photoswitching effect is an important problem in neuropharmacology. We synthesized a
series of azobenzene-containing amines and studied their effect on glutamate ionotropic
AMPA and NMDA receptors in electrophysiological experiments on rat brain neurons
(whole cell patch clamp recording). Substance DENAQ (diethylamine-azobenzene-
quaternary ammonium) and its close structural analogs selectively inhibited NMDA
receptors, their action was light-dependent. For the compound PyrAQ (pyrrolidine-
azobenzene-quaternary ammonium), which is the most active against NMDA receptors,
the IC50 values under conditions without illumination and in monochromatic light were 2
and 14 pM, respectively. PyrAQ inhibits NMDA receptors regardless of agonist
concentration, receptor activity, or membrane potential, and therefore can provide stable
photocontrol of glutamate receptors under the real dynamic conditions that accompany
synaptic activity. Substance QAQ (quaternary ammonium-azobenzene-quaternary
ammonium) is a light-dependent blocker of ion channels of calcium-permeable AMPA
receptors. This opens up prospects for the development of selective photocontrolled
blockers of this AMPA receptor subtype. The results of this work demonstrate
fundamentally different possibilities for controlling glutamate ionotropic receptors using
photosensitive ligands due to interaction with different parts of the receptors and are
important for the further development of new compounds with high activity and selectivity
of action.

Supported by the Russian Science Foundation within the framework of research
project no. 23-24-00481.
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HOBbIE MPON3BOAHbLIE ®OTOMNEPEKIMIOYAEMOIO MECTHOIO AHECTETUKA
STEPKAUHA U UCCNNEAOBAHUE UX PU3SUKO-XUMUNYECKUX N BUOJTOTMYECKUX
CBOWUCTB
Hoes A.H."2* CytembeBa X.A.", [luxo6abuHa O.A.", Kyaneuos H.[.", Cysopos H.B.,
Moposoea H.B.2, Bacunbes FO.J1.34, MaHkpatos A.A.2, TpuH M.A."
"MNP3A-Poccuiickuii TexHonormyeckuit yinesepcuteT, Mocksa, Poccus
2MHUOW um. M.A. TepueHa — dunuan OreY «HMUL paguonorum» Munsagpasa Poccun,
Mocksa, Poccus
3MepBbit MTMY umM. U.M. CeueHoBa (CeueHoBCkuii yHuBepcuTeT), Mockea, Poccust
*E-mail: aleksej-noev@yandex.ru

Bonb sABnseTca ogHOM U3 Hambonee pacnPOCTPaHEHHbIX MPUYMH, CHUDKAOLLIMX
YPOBEHb XU3HN COBPEMEHHOIO YenoBeka. brnokaTtopbl NoTeHUMan-3aBUCMMbIX HaTPUEBbIX
kaHanoB (Nay) sBNSOTCA OOHUMK M3 OCHOBHbIX MpenapaToB, CMOCOOHbLIX CHWXaTb WK
MOMHOCTbIO KynupoBaTb 6Gonesble owyleHus. [aHHble coeauHeHus obragatT psaoM
no6oyHbIX adppekToB, Hanbonee SPKUMKU M3 KOTOPbIX SIBMSIOTCA OCTAHOBKA AblXaHUs U
cepaua. OgHuMm n3 cnocoboB MOBbLICUTL CENEKTUBHOCTbL AencTBus 6Gnokatopos Nay
KaHaroB U CHU3WUTb KONMYEeCTBO NOBOYHBLIX 3DEKTOB KaHANOB ABMSAETCA UCMONb30BaHNe
MOMeKyn C YynpaBnsieMoi CBEeTOM OMOMOrMYecKOMn aKTUBHOCTBLIO B pamkax noaxoAa
doTocpapmakonormn. Ha [aHHbI MOMEHT OnMcCaHbl HECKOSbKO YMpaBfsieMblX CBETOM
6nokatopoB Na, kaHanoB, CpeAy KOTOPbIX MOXHO BbIAENWUTb 3TEpKawH, ANA KOTOporo
BO3MOXHOCTb ~ 0OpaTVMOW  ynpaBnsieMonW CBETOM  MECTHOW  aHecTe3un  Obina
npogemoHcTpupoBaHa Hamu in vivo (Noev A, et al., 2022).

Llenbto gaHHoM paboTbl siBNsAnacb paspaboTka HOBbIX MPOM3BOAHLIX dTepkauHa u
uccnepoBaHne UX U3UKO-XUMUYECKMX M BMOMOrMyeckmx CBOWCTB. Bbino BblaeneHo
HECKOMNbKO HanpaBleHWii UCCNeAoBaHWS: NOMyYeHne COeAMHEHNIA Ha OCHOBE 3TepKavHa C
ynyylWeHHON BOAOPacTBOPUMMOCTBIO, TEPMOAMHAMMUYECKOW CTabWuMbHOCTbIO, a TaKkke
nccrnegoBaHue B3anMOCBA3MN "CTPYKTypa-akTUBHOCTbL".

Bbinu nonyyeHbl NPOM3BOAHbIE 3TEpKanHa C aMUAHBIM U CIOXHOIMUPHBIM FIMHKEPOM
mMexgy nunodunbHOW YacTblo M as3oT-cogepxawmm dparmeHToM. CuHTE3 AaHHbIX
NPOM3BOAHbLIX MPOBOAMIICA MNYTEM peakuun COOTBETCTBYIOLUMX aMWMHO- W TMAPOKCU-
a3006€eH30M0B  C  XNOPaUETUNXMopMaAOM C  MOCMNEAYHWUM  ankunupoBaHmeM. bBbino
nokasaHo, 4YTO amugHoe npou3BoAHOe obnagaeT MeHblue MeCTHOAHEeCTEeTUYECKON
aKTUBHOCTbIO HA MOAENW MOBEPXHOCTHOW aHecTe3Wu Ha poroBule rmasa kponuvka. Ons
yBeNnuM4eHUs BOAOPacCTBOPUMMOCTM ObiNo MnonyvyeHo 4-kapOoKCMNpPOM3BOAHOE, TaK Xe
obnapatoliee  MeCTHOQHECTETMYECKOM  akTMBHOCTbO. C  Uenblo  yBEnuyeHusi
TepMoAMHaAMMYECKON CTabWnbHOCTM UMC-POPMbI M3 COOTBETCTBYIOLUMX (PTOpaHUNINHOB
ObinMn  Nony4veHbl oOpTo-PTOP-NPOMN3BOAHbIE, OONajalluMe YBENUYEHHLIM BpPEMEHEM
nonynpeBpaLLeHns LMC-TPaHC Npu coxpaHeHun bruonornyeckoro achdekTa.

Takum o6pasom, 6biMM MONy4YeHbl HOBble MPOM3BOAHbIE YMPaBSEMOro CBETOM
MECTHOrO aHecTeTMKa aTepkanHa C yry4dlleHHbIMW CBOMCTBaMU. MonyyeHHble pe3ynbTaThl
NoAYEPKMBAIOT  aKTyanbHOCTb  AanbHEMWMX WUCCMefOoBaHWA C  Uenblo  Cco3paHus
doTonepekntoyaemblx OnokatopoB Na, KaHanoB C pasHooOpasHbiMKM  PU3UKO-
XMMUYECKUMU 1 BUONOrMYEeCcKUMM  CBOWCTBaMW, MPUrOdHbIX  ANS  KIMHUYECKOro
MCMoNb30BaHUA Wnnu pyHaaMeHTanbHbIX UCCNeaoBaHMN.
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NEW DERIVATIVES OF PHOTOSWITCHABLE LOCAL ANESTHETIC ETHERCAINE
AND THEIR PHYSICO-CHEMICAL AND BIOLOGICAL PROPERTIES INVESTIGATION
Noev A.N."2* Sutemieva Z.A.", Likhobabina D.A.", Kuznetsov N.D.", Suvorov N.V.,
Morozova N.B.2, Vasil'ev Y.L.34, Pankratov A.A.2, Grin M.A."
"MIREA-Russian Technological University, Moscow, Russia
2Hertsen Moscow Oncology Research Institute — Branch of the National Medical Research
Radiological Centre of the Ministry of Health of the Russian Federation, Moscow, Russia
3 Sechenov First Moscow State Medical University (Sechenov University), Moscow, Russia
4Kazan State Medical University of the Ministry of Health of Russia, Kazan, Russia
*E-mail: aleksej-noev@yandex.ru

Pain is one of the most common causes that reduce the standard of living of a modern
person. Voltage-gated sodium channel blockers are one of the main pharmacological
classes that can reduce or completely stop pain signals transduction in the body. As a rule,
Nav channel blockers are used as local anesthetics, however, there are also can be used
as a treatment for chronic pain with systemic administration of drugs. All of these
compounds have a number of side effects, the most striking of which are respiratory and
cardiac arrest. One way to increase the selectivity of Na, channel blockers and reduce the
number of side effects is to use molecules with light-controlled biological activity as a part
of the photopharmacology approach. To date, several light-controlled Na, channel
blockers have been described, among which ethercaine can be distinguished, for which
the possibility of reversible in vivo light-controlled local anesthesia was demonstrated by
us earlier (Noev A., et al., 2022).

The purpose of this work was the development of new derivatives of ethercaine and
the study of their physicochemical and biological properties. Several directions of the
research were identified: preparation of compounds based on ethercaine with improved
water solubility, thermodynamic stability, as well as the study of the structure-activity
relationship.

Ethercaine derivatives with an amide and ester linkers between the lipophilic part and
the nitrogen-containing fragment were obtained. The synthesis of these derivatives was
carried out by the reaction of the corresponding amino- and hydroxy-azobenzenes with
chloroacetyl chloride, followed by morpholine alkylation. It has been shown that the amide
derivative has less local anesthetic activity in a surface anesthesia model on a rabbit's eye
cornea. To increase water solubility, the 4-carboxy derivative was obtained, which also has
local anesthetic activity. In order to increase the thermodynamic stability of the Z-form,
ortho-fluoro derivatives were prepared from the corresponding fluoroanilines. Derivatives
obtained have increased Z-isomer half-life times while maintaining the biological effect.

Thus, new derivatives of the light-controlled local anesthetic ethercaine with improved
properties were prepared and their biological properties were studied on the model of
surface anesthesia in vivo. The results obtained emphasize the relevance of further
development of new photoswitchable Na, channel blockers with various physicochemical
and biological properties suitable for clinical use and/or fundamental research.
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ONTONEHETUYECKOE NPOTE3NPOBAHUE CETYATKW: COBPEMEHHOE
COCTOAHUE
OctpoBckuin M.A.

WHcTutyT Brnoxmmmyeckon cdousmkmn nm. H.M. Omanyans PAH, Mockea, Poccusi
Kadenpa monekynsipHon cusnonorum 6uonorudeckoro dakynsreta My nm. M.B.
JlomoHocoBa, Mocksa, Poccus
*E-mail: ostrovsky3535@mail.ru

MpuHuMnuansHas BO3MOXHOCTb ONTOreHEeTUYECKOro npoTe3nMpoBaHus
JereHepaTMBHON CeT4yaTKM 4YerioBeka B HacTosllee BpeMms fokasdaHa. B mwupe Begytcd
YeTblpe KMMHUYECKMX WCMbITAHUS;; BO BCEX ITUX WCMbITAHUSX WCMOMb3YETCS FEHHO-
moanduumpoBaHHbii Channelrhodopsin-2 (ChR2). B Hanbonee ycnewHoMm wcnbiTaHum
(cpaseill) ncnone3osaH ChrimsonR-tdTomato, AOCTaBNEHHbIN B raHrMMO3HbIE KIEeTKU C
NMoMOLLbI0  afeHo-accoummpoBaHHoro Bupyca (AAV2/7m8). Mpu 3atom Ans CBETOBOW
CTUMYNALMU OKas3ariocb HeobXoaMMbIM CO3[aTb CHOXHYH OMNTUMYECKYId CUCTEMY C
KamepoW, CMOHTMPOBaHHY0 B oykax (Sahel J-A., et al., 2021). MNMauneHT B pesynsrate
nocne oby4yeHnsi cmor yBuaeTb NPeAMETbI, HO TOMbKO NPU NUCMOMb30BAHUN KOYKOBY.

Ha cerogHAwHWA aOeHb MukpobuanbHble podONCHHbI  SBMAOTCS  Hanbonee
peanbHbIMW  «MHCTPYMEHTaMW» Ans  ONTOreHeTUYeckoro npoteampoBaHus. OpHako
meTaboTponHble, G-6enok-cBaA3biBaloWmMe 3puTenbHbIE POAOMNCUMHbBI KONBOYEK UNM Nanovek
npeactaenaoTcs  Hanbonee  nNepcrnekTUBHLIMW,  MOCKOMbKY — MO3BOMAIOT  MOBLICUTb
YyBCTBUTENbHOCTb MPOTE3VPOBAHHON KNETKM K CBETY Ha OOWMH UMM ABa nopsigka u, no
BCeW BEPOSTHOCTU, OTKa3aTbCH OT KOYKOBY.

W raHrmuosHble, n GunonsipHble KNeTKM AereHepaTUBHOW CEeTYaTKu NepCriekTUBHbI
Ans npoteanposaHns. Kaxabli n3 aTux ABYX BapMaHTOB MMEET CBOW PYHKLUMOHamMbHbIE U
MeToaMYeckne npevmyLLecTBa U HegocTaTku. Mpu 9TOM HecenekTBHOE NPOTEe3MpPOBaHME
HEPBHbIX KMETOK Takke MOXHO paccMaTpuBaTh Kak OAHY M3 BO3MOXHOCTEN.

K HacToswemMy BpemeHu co3faHbl 9PEPEKTUBHbIE TEXHOMOrMM  OOCTaBKU
reHeTM4eckoro marepuana B knetkum cetyatkn. Hosble cepotunel AAV (AAV2/7m8) B
KOMOMHALMN C MOLLHBIMWU U KOMMAKTHbIMW MPOMOTOpPaMy MO3BONSOT LOCTUYb BbICOKOW
CeneKTMBHOCTU U 3(hPEeKTMBHOCTU TPaHCAYKLUMWN BbIOPAHHOIO ANA NpPOTe3MpoBaHWs Tuna
KNeTOK CeT4yaTKM Ha XMUBOTHbIX MoAensix. [py aToM no-npexHemy OCTaéTcs akTyarnbHOM
npobnembl TPaHCAAUMS TEXHOMOIMM OMTOreHeTUHEeCKOro NPOTEe3NPOBAHUSA OT KMBOTHBLIX
mogZenen k yenoseky. [Mo-Buammomy, B 6nkariiee Bpemsi crnefgyeT OXuaaTb packpbiTvs
pe3ynbTaToB KIWHWYECKUX WCMbITaHWA PasfiUYHbIX BapUaHTOB  OMTOreHeTUYecKoro
NpoTE3NPOBaHUSI [AereHepaTUBHOW CeTyaTKM YeroBeka, KoTopble OyayT KpWUTWUYHBI Anst
onpegeneHns NpUopuUTETOB AarbHENLIEro passuTs 3TON TEXHOMOMUN.
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OPTOGENETIC RETINAL PROSTHETICS: STATE OF THE ART
Ostrovsky M.A.
Emanuel Institute of Biochemical Physics, Russian Academy of Sciences
Department of Molecular Physiology, Faculty of Biology, Lomonosov Moscow State
University
*E-mail: ostrovsky3535@mail.ru

The fundamental possibility of optogenetic prosthetics of the degenerative human
retina has now been proven. There are four clinical trials in progress worldwide; all of
these trials use genetically modified Channelrhodopsin-2 (ChR2). The most successful trial
(Phase I/ll) used Chrimson R-tdTomato delivered to ganglion cells with adeno-associated
virus (AAV2/7m8). At the same time, for light stimulation, it turned out to be necessary to
create a complex optical system with a camera mounted in glasses (Sahel J-A., et al.,
2021). As a result, after training, the patient was able to see objects, but only when using
"glasses".

To date, microbial rhodopsins are the most realistic "tools" for optogenetic
prosthetics. However, metabotropic, G-protein-binding visual rhodopsins of cones or rods
seem to be the most promising, since they make it possible to increase the sensitivity of
the prosthetic cell to light by one or two orders of magnitude and, in all likelihood, to
abandon the "glasses".

Both ganglion and bipolar cells of the degenerative retina are promising for
prosthetics. Each of these two options has its functional and methodological advantages
and disadvantages. At the same time, non-selective prosthetics of nerve cells can also be
considered as one of the possibilities.

To date, effective technologies have been created for delivering genetic material to
retinal cells. New AAV serotypes (AAV2/7m8) in combination with powerful and compact
promoters make it possible to achieve high selectivity and transduction efficiency of the
retinal cell type chosen for prosthetics in animal models. At the same time, the problem of
translating the technology of optogenetic prosthetics from animal models to humans still
remains an urgent problem. Apparently, in the near future we should expect the disclosure
of the various options of the clinical trials results for optogenetic prosthetics of the
degenerative human retina, which will be critical for determining the priorities for further
development of the technology.
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MHTPAHA3AJIbHO BBEOEHHbIA GRP78 MPOHUKAET B JO®AMUHEPIMYECKUE
HEMPOHbI KOMMNAKTHOW YACTU YEPHOW CYECTAHLWU U NPENATCTBYET
HEWPOOEMEHEPALMU B KPbICUHOW MOJENWN BEONE3HU NAPKUHCOHA
Ma3n M.B.*, Ekumosa U.B.

MHCTUTYT 3BOMIOLMOHHON cbusmonorum n 6uoxummm nm. .M. CeueHoBa PAH,
Cankr-lNeTepbypr, Poccus
*E-mail: pazimariia@gmail.com

Bonesnb [MapkuHcoHa (BI) - HelpopgereHepaTvBHOe 3aboneBaHue, KOTOpoe Ha
CerofHsILHNN AeHb OCTaeTCs HeusneynMbiM M3-3a Mo3gHeW AUNArHOCTUKM U OTCYTCTBUSA
3hpeKTUBHON HEMPONMPOTEKTUBHOM Tepanun. MuconguHr u HakOMIEHUE TOKCUMYHBIX
dopm Benka a-CUHyKrNeuHa (0-CMH) CHYMTaAeTCA OCHOBHbLIM MOMEKYNSAPHLIM MeXaHW3MOM
HenpopereHepauun npu BI. niokosoperynvpyembii 6enok Tennosoro woka (Grp78)
npegoTBpalwlaeT obpasoBaHWe M HaKOMMEHWEe LMTOTOKCUYECKUX O-CUH-ONUIOMEPOB B
aHgonnasmartmyeckom petukynyme (3MNP). Bellucci un coasT. (2010) npoaeMoHCcTpypoBanu,
yTto Grp78 obpasyeT koMnnekc ¢ a-cvH B AP 1 4To ypoBHU Grp78 NoBbIWEHbI B KINEeTKax
B XMBOTHbIX Mogensx BI1. Grp78 Tawkke gencTByeT kak perynatop orBeta AlNP-cTpecca,
BOBMneYeHHoro B natoreHe3 bBll. Takum obpasom, Grp78 sBnseTcs nepcrnekTMBHOWN
mMonekyrnon nans paspabotkm wmetogmoB nedvenunss BI.  Ceepxakcnpeccus Grp78
NpoAEMOHCTpMpOBana HEeWponpPOTEKTOPHbIA 3PEeKT Ha MOOENU  O-CUHYKIIEMHOBOMN
naTonorMun, ctapyeckon AereHepauum cetdyaTku u Aapyrux natonorun. WHTpaHasanbHoe
BBELEHME B HaCTOsILLEee BPEMSI pacCMaTpuBaETCs Kak anbTepHATUBHbLIA MeTon A0CTaBKM
nekapcTtB B MO3r, KOTOPbIN M03BonsieT o6xoauTb rematoaHuedanuyeckuin Gapbep 1
HanpaenATb ekapcTBa HEMNOCPeACTBEHHO B LEHTpanbHYl HEpBHyK cuctemy. Hawm
JaHHble O HEMPOMPOTEKTUBHOM MOTeHLmane ak3oreHHoro Grp78 B kpbicuHon moaenu brl,
nHaoyumpoBaHHou naktaumctuHom (J1L), npepnonaratot 6uogoctynHocTe Grp78 pans
FOMOBHOMO  MO3ra NpUM  WHTPaHasanbHOM  BBEAEHUW, OpHako 3To  TpebyeT
3KCNEPUMEHTANBHOIO NOATBEPXKOEHUSI.

Benok Grp78, meyeHHbI Alexa-555, BBOAMNIM MHTpaHas3anbHO camuaM KpbIC NMHUN
Buctap (6 mecsiueB) nocne MukpouHbekuun JILL (0,4 MKr/mMkn) B KOMNAKTHYKO YepHYHo
cybcraHumio (k44C). Jlokanmsaumo meyeHHoro wanepoHa Grp78 oueHvnBany ¢ NOMOLLb
hNyopecLeHTHON UMMYHOTMCTOXUMUN 1 KOHPOKarbHOM MUKPOCKONUN.

WHTpaHa3anbHO A4OCTaBneHHbIN MeyeHbln Grp78 NnpoHMKaeT B MO3r M fiokanuasyeTcs B
nodamMuHoBbIx HewvipoHax (OA) k44C 4yepe3 3 4 nocne ero BBegeHus. Habniopaetcs
cnvsiHMe nyopecLEeHTHbIX CUrHanoB OT ak3oreHHoro Grp78 u aHTn-Grp78 aHTuten, 4Yto
yKka3blBaeT, 4YTO (prnyopecueHTHbIn curHan nonyvyeH oT meyeHoro Grp78. MedeHbin
LanepoH Obin Takke oOHapyxeH B ApyrMx obnacrsix moara, BoBreyeHHbix B BI.

Ok3oreHHbin  Grp78 npu  MHTpaHasanbHOM BBEAEHUW TMNPOHUKAeT B  MO3r MU
nHTepHanuayetca OA-HenpoHamn k44C. YBenunyeHue ypoBHst Grp78 B HelpoHax k4y4C
ocnabnano HenpopereHepaumio B mogenu Bl Ha rpeidyHax, 4TO ykasblBaeT Ha ero
HENpONPOTEKTUBHbIN NOTEHLMan.

Paboma ebinonHeHa 8 pamkax eocydapcmeeHHo20 3adaHusi MOD5 PAH AAAAA-A18-
118012290427-7.
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INTRANASALLY INJECTED GRP78 PENETRATES INTO NIGRAL DOPAMINE
NEURONS AND REVERSES THE PROCESS OF NEURODEGENERATION IN THE RAT
MODEL OF PARKINSON'S DISEASE
Pazi M.B.*, Ekimova I.V.

Sechenov Institute of Evolutionary Physiology and Biochemistry, Saint Petersburg, Russia
*E-mail: pazimariia@gmail.com

Parkinson's disease (PD) is a neurodegenerative disease which to date remains
incurable due late diagnosis and lack of effective neuroprotective therapy. Misfolding and
accumulation of toxic forms of a-synuclein (a-syn) protein is considered main molecular
mechanism of neurodegeneration during PD. Glucose-regulated heat shock protein
(Grp78) prevents the formation and accumulation of cytotoxic a-syn oligomers in the
endoplasmic reticulum (ER). Bellucci et al. (2010) demonstrated that Grp78 forms a
complex with a-syn in ER and that Grp78 levels are increased in cells in animal models of
PD. Grp78 also acts as a regulator of unfolded protein response involved in PD
pathogenesis. Thus, Grp78 is a prospective molecule in developing PD treatment. Grp78
overexpression demonstrated neuroprotective effect in the model of a-synuclein pathology,
senile retina degeneration and other pathologies. Intranasal administration is now
considered as an alternative method of drug delivery into the brain, which allows
bypassing the blood-brain barrier and targeting drugs directly to the central nervous
system. Our data on neuroprotective potential of exogenous Grp78 in the lactacystin (LC)-
induced model of PD in rats suggest its bioavailability to the brain during intranasal
administration, yet it requires experimental confirmation.

Grp78 protein labelled by Alexa-555 was administered intranasally to male Wistar rats
(6 months) after microinjection of LC (0.4 ug/ul) into substantia nigra pars compacta
(SNpc). Localization of a fluorescently labelled chaperone Grp78 was assessed using
fluorescent immunohistochemistry n confocal microscopy.

Intranasally delivered labeled Grp78 penetrates into brain and is localized in the
dopamine (DA) neurons in the SNpc 3 h after its administration. We also observed
merging of the fluorescent signals, detected from exogenous Grp78 and anti-Grp78
antibodies, indicating that fluorescent signal is obtained from the labelled Grp78. Labeled
chaperone was also found in other brain regions affected by PD.

Exogenous Grp78, when administered intranasally, penetrates into the brain and is
internalized by DA neurons of the SNpc. An increase in the level of Grp78 in the SNpc
neurons attenuated neurodegeneration in a rodent model of PD, which indicates its
neuroprotective potential.

Supported by state Assignment AAAAA-A18-118012290427-7.
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AHAIN3 POJIU TPAHCIMOPTEPOB KCC2 U NKCC1 B NOAAEPXXAHUU
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denepanbHbli yHMBepcuteT, KasaHb, Poccus
3 VIHCTUTYT CMCTEMHbIX HepoHaykK, YHusepcuTeT dkc-Mapcenb, Mapcens, ®paHums
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B HacTosee Bpems akTyanbHbIM OCTaeTCsl BONPOC O perynauum BHYTPUKIETOYHOWN
koHueHTpaumm xropa ([Clls+) B HEMpOHax Kak B YCNOBUSX in-vivo, Tak u ex-vivo. TpyaHOCTH
C peLueHvem 3Toi npobnembl NOPOAUNM CMOPbI U NOCTaBWUMIN NOA COMHEHWEe BanuaHOCTb
3KCNEPUMEHTOB Ha cpe3ax Mo3ra. [ns peleHusi 3TUX U MHOMMX APYrMX BOMPOCOB Mbl
MCMONb3yeM NWHUIO TPaHCreHHbIX MbILLIEN 3KCMPECCUPYIOLMX FEHETUYECKN KOOAMPYEMbIi
6unoceHcop xnopa u Bogopogda (ClopHensor). KOHCTpykumusi mpukpenneHa K npomoTopy
Thy1, 4yto obecneumBaeT cneundunyeckyto akcnpeccuto buoceHcopa B HeEMpoOHax.

Llenbto pabotbl sBnsetcs onpegeneHve ponm KCC2 n NKCC1 B noggepxaHum
BHYTPUKIETOYHON KOHLUEeHTpaumm xnopa B CA1 30He cpe3oB runnokamna. [ns 3Toro
oueHuBanun BnusHWe 6nokaTtopoB TpaHcrnoptepoB KCC2 (VU0240551) n NKCC1
(6ymeTaHmng) Ha 6asoByio koHueHTpaumto [Cllss M Ha BoccraHoBneHue [Cllsx nocne
BbICOKOYaCTOTHOW 3NEKTpUYECKon cTumynauum konnatepanen Waddpepa.

dnyopecueHTHble curHanbl peructpuposanu npu 31.5 °C u noctosiHHON nepdy3uu
cpe3oB u3pacTBopoM. Pernctpaunto umameHenuii [Cllew NpoBoauny OT Monynsumu
HEeMpoHOB, obecneunBalOMX OUEHKY cpeaHux 3HadeHu [Clles, B AanbHenwem
o6o3HavaembIx kak [Clcp.

B koHTponbHbIX ycnosusix, [Cll, B TMpamMmnaHOM crioe B pasHbiX cpe3ax BapbupoBana
B AvanasoHe oT 10 go 19 MM u coctaensna B cpegHem 12.6+0.7 mM (n=13). B stratum
radiatum v stratum oriens [Cl]cp 6bIna goctoBepHo Huxe: 4.6+0.4 mM (n=13) n 4.7+0.3
mM (n=13), cooTBeTcTBeHHO. [JobaBneHne GrnokaTopa TpaHcnoptepa KCC2 (VU0240551,
10 yM) pgoctoBepHo nosbiwano [Clle, BO Bcex Tpex 30Hax: B S. pyramidale — Ha 0.2+0.02
mM, B s. radiatum v s. oriens — Ha 0.09£0.01 mM 1 0.11+0.01 mM, cooTBeTCTBEHHO (N=6).
OdpekT Brniokatopa TpaHcnopTepa NKCC1 (bymeTtannga, 10 pM), 6bin 6onee BbipaxkeH:
[Cllep cHkanacb Ha 0.48+0.05 mM, 0.44+0.04 mM wn 0.52+0.02 mM B s. pyramidale, s.
radiatum w s. oriens, cootBeTrcTBeHHO (n=10). Bpemsa BocctaHoBnenus [Clle, nocne
BbICOKO4aCTOTHON 3MeKTpUYecKon cTumynaumm konnatepanen LWadpdepa goctosepHo He
MeHsNoCch Npu AobaeneHnn 6nokaTopoB TPAHCMNOPTEPOB.

Mony4eHHble pe3ynbTaTbl NO3BOMSIOT Npeanonaratb, YTo: (i) B come HenmpoHoB [Cllep
BblllE, YeM B 30Hax AeHApwToB; (ii) WHrMOMpPOBaHME OCHOBHbLIX TPaHCMOPTEPOB Xropa
NpUBOAMT NUWb K He3HauuTenbHbiM uaMeHeHuaMm [Cllp M He BnMSIeT Ha KUHETUKY
BOoccTaHoBneHus 6asosoro ypoBHs [Cl]cp, nocne cuHanTuyYeckon CTUMynauun.
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Currently, the problem of intracellular chloride regulation in neurons remains relevant
both in vivo and ex vivo. Difficulties with solving this problem have generated controversy
and have raised doubts on the validity of experiments on brain slices. To solve these and
many other issues, we use a line of transgenic mice expressing a genetically encoded
biosensor for recording intracellular concentrations of chloride ([CI]) and hydrogen. The
construct, called ClopHensor, is attached to the Thy 1 promoter, which provides specific
expression of the biosensor in neurons.

The aim of the study is to determine the role of KCC2 and NKCC1 in maintaining [CI];
in the CA1 area of hippocampal slices. For this purpose, the effects of the blockers of
KCC2 (VU0240551) and NKCC1 (Bumethanide) on the base level of [CI]i and on the
kinetics of [CI]i recovery after a high-frequency electrical stimulation of Schaffer's
collaterals were analyzed.

Fluorescent signals were recorded at 31.5 °C with constant perfusion of sections with
oxygenated ACSF. [Cl]i was evaluated from a population of neurons providing an estimate
of the average values of ClJ;, hereinafter referred to as [Cl]av.

In control, [Cl]ay in the pyramidal layer of different slices varied in the range from 10 to
19 mM and averaged 12.6+0.7 mM (n=13). In stratum radiatum and stratum oriens [Cl]ay
was significantly lower: 4.6+0.4 mM (n=13) and 4.7+0.3 mM (n=13), respectively. The
addition of the KCC2 blocker (VU0240551, 10 uM) significantly increased [Cl]av in all three
areas: in s. pyramidale — by 0.2+0.02 mM, in s. radiatum and s. oriens — by 0.09£0.01 mM
and 0.11+0.01 mM, respectively (n=6). The effect of the NKCC1 blocker (bumetanide, 10
UM) was more pronounced: [Cllav decreased by 0.48+0.05 mM, 0.44+0.04 mM and
0.524+0.02 mM in s. pyramidale, s. radiatum and s. oriens, respectively (n=10). The mean
time constant of [Cllav recovery after a high-frequency electrical stimulation of Shaffer
collaterals did not significantly change with the addition of transporter blockers.

The obtained results suggest that: (i) [Cl]av is higher in the soma of neurons than in the
dendrite zones; (ii) the inhibition of the main chloride transporters leads to only minor
changes in [Cllv and does not affect the kinetics of recovery of [Cllay after synaptic
stimulation.
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OnTo- M XEeMOreHeTUYecKMe TEXHOMOrMW, OCHOBaHHble Ha [OOCTaBKE [EHOB
CBETOYYBCTBUTENbHBIX MOHHbIX KaHanax u G-6enok-3aBuCMMbIX PeLenTopoB B HEPBHbIE
KNeTKn, OOCTAaTOYHO LUMPOKO NPUMEHSITCH B (hyHAaMEeHTarnbHbIX HeMpobronornvecknx
nuccnegoBaHUsX, HanpaBrieHHbIX Ha BbISICHEHWE PONv OMpederNieHHbIX HEPBHbIX CeTel B
TOW NN MHOM PyHKUMM Mo3ra. Kpome TOro, OHU yCMeLwHO NPUMEHSIIOTCA ANns KOppeKuum
HEBPOMOrMYECKNX HapylueHWn Ha Mogensx anunencuu, 6GonesHn [apkuMHCoOHa,
XpoHudeckon 6onu n Ap. OgHaKo, OHW MMEIDT pAL OrpaHWYeHVn Ans TpaHchasauMn B
MeavumHy. Hambonee nepcnekTUBHOM anbTEPHATUBOM ONTO- U XEMOreHeTuKe SBNsieTcs
TepMOreHeTuKka, OCHOBaHHas Ha MWCMOMb30BaHUM TEPMOYYBCTBUTENbHbLIX KaHanos
cynepcemenctea TRP. 370 HecenekTuMBHble KaTMOHHbIE KaHambl, NpPOBOASALIME
NpPeuMyLLLEeCTBEHHO MOHbI Kanbumsi n HaTpus. NMpu akcnpeccun TRP KaHanoB ¢ Noporoeow
TemnepaTypow aktmeauum 6nmskon k 40°C B LeneBbIX HEPBHbIX KNeTKax MIIEKONUTaoLLMX
MOXHO YNpaBnsaTb WX aKTMBHOCTbIO MyTeM Hebomnblimx HarpesoB. B cBoen paborte Mbl
n3yyanu BO3MOXHOCTM  UCMONb30BaHWA TEPMOFEHETUKU ANs  MaHUMynupoBaHuWs
aKTUBHOCTbLIO HEPBHbLIX CETEN B MO3re U YNpaBreHs NTIOKOMOTOPHON (OyHKUMEN Y MbILLEN.

Ha knetkax nuumi Hela n HEK293 c nomowbio NpvKM3HEHHOrO KarnbLWEBOro
UMWIKMHTA  Mbl  poTecTMpoBann Haubonee MepcrneKkTMBHbIE C  TOYKM  3peHus
NPUMEHUMOCTU K MIEKOMUTAIOWMM TEPMOYYBCTBUTESNbHBIE KaHamnbl pasHbIX CEMENCTB
TRPV1 yenoseka n TRPA1 kypuubl ¢ noporoBbiMu TemnepaTtypamu aktmeauum 43 n 40°C,
COOTBETCTBEHHO. C MOMOLLBbI0 MeToAa 3MeKTPOM3NONOrMN Mbl Nokasarsnu, YTo akTueaLuusi
KaHanoB MNpu WX 9KCMNPECCUM B KyNbTUBMPYEMbIX HEWpoHax C MOMOLLbH aroHMCTOB
NPUBOAMWT K AeNOonapM3aLum KneTouyHon MembpaHbl 1 reHepauum NoTeHumanos AenNcTBus.
[anee ¢ NOMOLLbIO BEKTOPOB HA OCHOBE afeHOaCCOLMMPOBAaHHBIX BUPYCOB reHbl KaHarnos,
a Takke reHeTn4Yeckn Koampyemoro kanbumeBoro ceHcopa GCaMP6s 6binv gocTaBneHbl B
BO30OyxaatoLwmne HelpoHbl Me3eHuedanbHoOro TIOKOMOTOPHOIO PErMoHa B3POCHbIX MbILLEN.
CTumynauma HempoHOB MyTeM WX HebBOomnbLIOro HarpesBa C MOMOLLBIO MHAPaKpPacHOro
nasepa Bbi3blBana yBenMYEHUE WHTerpanbHOro curHana dnyopecueHunn KanbumeBoro
CeHcopa W BO3pacTaHWe CKOPOCTU MepeMeLleHnss XMBOTHbIX B OTKPbITOM Mofle.
OGHapyxeHHble 3hdeKTbl BOCMPOM3BOAATCS Ha MPOTSXKEHUM 3-X MnocnegoBaTenbHbIX
OHeR nNpu CTUMYNAUMUM OOHUX W TeX Xe XMBOTHbIX. Hawwm pesynbTatbl AEMOHCTPUPYIOT
NPUMEHNMOCTb TEPMOrEeHETUKWN ANS YNpaBneHWs akTUBHOCTBIO HEPBHbIX CETEN in vivo.

lMpoekm noddepxaH lNpoepammoli pazseumusi 2eHemu4YecKkux mexHonoeaul Ha 2019—

2027 200bl MuHucmepcmea Hayku u ebicuie20 obpasosaHusi Poccutickol ghedepayuu,
epaHm Ne 075-15-2019-1789.
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Opto- and chemogenetic technologies based on delivery of the genes encoding light
sensitive ion channels and G-protein-coupled receptors in neurons are widely used in
neurobiological research for elucidating the roles of defined neuronal networks in particular
brain functions. In addition, they are successfully used ameliorate neurological
impairments in animal models of epilepsy, Parkinson's disease, chronic pain, etc. However,
they have a number of limitations for translation into medicine. The most promising
approach alternative to opto- and chemogenetics is thermogenetics. Theromgenetics
based on the use of thermosensitive ion channels belonging to the TRP superfamily.
These are non-selective cation channels that conduct predominantly calcium and sodium
ions. When thermosensitive TRP channels with a threshold temperature close to 40°C are
expressed in target mammalian neurons, their activity can be controlled by slight, non-
damaging heating.

Here, we examined the possibility of using thermogenetics to manipulate the function
of neuronal networks in the brain and control locomotor activity in mice. Using real-time
calcium imaging, we tested the most promising thermosensitive channels, human TRPV1
and chicken TRPA1, which have threshold temperatures of 43 and 40°C, respectively, on
HelLa and HEK293 cell lines. By electrophysiological recordings, we have shown that the
activation of the channels after their expression in cultured neurons by agonists led to
depolarization of the cell membrane and the generation of action potentials. Then, using
adeno-associated viral vectors, the genes encoding the thermosensitive channels and the
calcium sensor GCaMP6s, were delivered to the excitatory neurons of the mesencephalic
locomotor region of adult mice. Stimulation of neurons by slight heating with an infrared
laser caused an elevation in the integral fluorescence signal of the calcium sensor and an
increase in the speed of motion of animals in the open field. The observed effects are
reproduced for three consecutive days with stimulation of the same animals. Our results
demonstrate the utility of thermogenetics to control the activity of neural networks in vivo.

Supported by the Ministry of Science and Higher Education of the Russian Federation

grant no. 075-15-2019-1789 to the Center for Precision Genome Editing and Genetic
Technologies for Biomedicine.
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OHepreTnyeckme NOTPeBHOCTN rONIOBHOTO MO3ra OYeHb BESWKW, U [MoKo3a ABfseTcs
OCHOBHbIM MCTOYHUKOM 3HEPrUW A NPOLECCOB €ro pasBUTUS U PyHKUMOHMPOBaHUs. MNog
OencTBneM reKCOKMHasbl [MKo3a npeBpallaeTcs B [MOK030-6-pocdaT, KOoTopbIn
HanpaBnsieTcss N0 TPEM  OCHOBHbIM  MeTabonuyeckum  NyTaM:  [NIUKOMKU3,
neHTosodocaTtHbI NyTb U rnukoreHoreHes. [log genctemem epmeHTa rnioKO30-6-
doccaTt gervgporeHasa (reen) rnoko30-6-cpoccar HanpasnsaeTcs no
neHTo3odocgaTtHomy nyTu, B KOTopom cuHTeanpyetca HAQ®H, BoccTaHoBneHHas dopma
HAOQ® (HukoTuHamupageHuHamHykneotuadocdar). HAODH, rnytatnoHpegyktasa w
TMOpedoKCHMHpeayKTasa noaaepXMBatoT ypoBeHb BOCCTAaHOBNEHHOW DOpMbI FNyTaTUoHa 1
TMOPEJOKCMHA, KOTOPble 3axBaTbiBalOT W HEWTPanuU3yloT akTMBHble POpPMbI KMcnopoda
(A®K), yto obecneumBaeT aHTMOKCUAAHTHYIO 3aLMTY KneTku. MNaTonornyeckne cocTosHuS,
CBSi3aHHble C AedUUMTOM akTMBHOCTM 6®[ unu ee MNOMHbLIM MOAaBMEHWEM, XOPOLLO
N3BECTHbI. WHrmbnposaHme  dyHKUMM reeq, npueBoAdwlee K Moaynauum
neHTo3odocdaTHOro NyTM M BHYTPUKNETOYHOro mMetabonuama rnoKo3bl, HEAOCTaTOYHO
n3y4yeHo n TpebyeT OOMONHUTENBbHOrO aHanusa.

OfHMM 13 BaXHbIX BONPOCOB ABNSAETCH BbIICHEHMWE: BAUSET N MHrMbuposaHue Md[,
T.e. neHto3odocdaTtHoro Nyt Ha npoaykumto APK. [na pelieHus 3Ton 3agayuv Mbl
UCMNonb30BanM HeAaBHO OTKpbITbIM cTepong G6PDi-1, koTopbli SBNSETCA MOLLHBIM
uHrméutopom [6PLO ©n oueHuBanM YpoBeHb BHYTpUKIeTodHoro A®PK c nomoubio
dnyopecueHTHoN kpackm CellRox Orange. Bbina npoBegeHa cepusi SKCNEPUMEHTOB MO
permcTpaummn M3meHeHun BHyTpuKkneTovHoro yposHa A®K, a tawke npogykuun A®K npu
cTumynsaummn konnatepanew Waddepa Ha carnTTanbHbIX cpesax runnokamna B KOHTPOMu
1 npu gencTeum nHrméutopa red (G6Pdi-1). MokasaHo, 4to  gobaeneHne  G6Pdi-1
NpUBOAWT K yBenu4yeHuio 6a3oBoro yposHs dnyopecueHumn Ha 0,6010,17% (n=6, p<0,05).
B KoOHTpombHbIX ycrnoBuax u npu AenctBum G6Pdi-1  ctumynsauma konnaTepanew
Waddepa (10 Ty, 30 c) npuBoaAUT K YyBeNuWYeHUO chriyopecueHuun, KoTtopas
BO3BPALLAETCA K MCXOOHOMY YPOBHKO MOCMe 3aBeplueHust ctumynsauun. Moa genctevem
G6Pdi-1 oTHocUTENbHas amMnnUMTyaa M3MeHeHus dnyopecueHumm coctasuna 104,8+6,2%
no cpaBHeHuto ¢ KoHTpornem (100%) (n=7). MNpoaykuns A®K B pesynbTate CTUMynAauun
konnaTepanen Laddepa nonHoctblo Gnokupoeanack B npucytcteum TTX, 1 MkM, 4TO
yKasbIBaeT Ha ee CMHaNTUYeCKyIo Npupoay.

Mony4eHHble pe3ynbTaTbl MOKa3bIBAOT, 4YTO WHrMOMpoBaHue [6O[ Bbi3biBaET
yBenuyeHve 6a30BOro BHYTpPUKNETOYHOro ypoBHA A®PK, npu atom npoaykumsa APK
3HAYUTENbHO HE U3MEHsiNachb Npu CUHaANTUYECKOW CTUMYNAUMU. Takum oBpasom, MOXKHO
npegnonaratb, YTO OKUCIIUTENbHAsS BETBb NEHTO3POCHaTHOrO NyTH He ABMSETCH BaXHbIM
moaynaTopom yposHs A®K B HempoHax moasra.
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The energy consumption of the brain is very high, and glucose is the main source of
energy for the processes of its development and functioning. Hexokinase catalyzes the
first step of glucose metabolism, phosphorylating glucose to glucose 6-phosphate, that can
be metabolized through the following metabolic routes: glycolysis, pentose phosphate
pathway and gluconeogenesis. Glucose-6-phosphate dehydrogenase (G6PD) catalyzes
glucose-6-phosphate conversion and starts the pentose phosphate pathway, that produce
NADPH, the reduced form of NADP (Nicotinamide Adenine Dinucleotide Phosphate). The
NADPH-dependent thioredoxin and glutathione systems quench the Reactive Oxygen
Species (ROS) that providing antioxidant protection. Pathological conditions associated
with a deficiency of G6PD activity or its complete suppression have been well studied.
However, the inhibition of GEPD functions leading to the modulation of the pentose
phosphate pathway and intracellular glucose metabolism has not been sufficiently studied
and requires profound analysis.

One of the important questions is to find out whether the inhibition of the enzyme
G6PD, which controls the pentose phosphate pathway, affects the production of ROS. To
solve this problem, we used the recently discovered steroid G6PDi-1, which is a potent
inhibitor of G6PD, and analyzed the level of intracellular ROS using the fluorescent dye
CellRox Orange. The experiments were conducted to record changes in intracellular ROS
levels, as well as ROS production during stimulation of Shaffer collaterals in sagittal slices
of the hippocampus in controls and under the action of a G6PD inhibitor (G6PDi-1).

The addition of G6PDi-1 resulted in an increase in the baseline fluorescence level by
0.60+£0.17% (n=6, p<0.05). Under control conditions and in the presence of G6PDi-1,
stimulation of Shaffer collaterals (10 Hz, 30 sec) led to an increase in fluorescence, which
returned to the initial level after the completion of stimulation.

In control conditions and in the presence of G6PDi-1, stimulation of Shaffer collaterals
(10 Hz, 30 sec) caused the increase of fluorescence, that returned to the baseline after the
completion of stimulation. This indicated that stimulation causes an increase in intracellular
ROS level. The relative amplitude of fluorescence changes under the action of the inhibitor
G6PD was 104.8+6.2% compared with the control (100%) (n=7). The fluorescence change
evoked by stimulation was completely blocked in the presence of 1 yM TTX which
indicates the synaptic nature of the fluorescence changes.

The results obtained show that inhibition of G6PD caused small increase in the basic
intracellular level of ROS, while ROS production did not significantly change during
synaptic stimulation. In this way, it can be assumed that the oxidative branch of the
pentose phosphate pathway is not an important modulator of the level of ROS in brain
neurons.
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Medical Center, Georg-August University, Gottingen, Germany
*E-mail: potekh@mail.ru

Ona  3nokayecTBEHHbIX  OMyxornew  xapakTepeH casur  metabonusama  OT
okucnuTensHoro gocopunmpoBaHns K aapobHomy rnmkonuay (adpdekt Bapbypra). Mpu
KaHLeporeHese NOAaBMATCSA TPAHCNOPT NMpyBaTa B MUTOXOHAPWUM M €ro BKIOYEHWE B
uvkn Kpebca, ogHOBpeMEHHO B LMTOMMa3Me akTMBUPYIOTCS FMIMKOMU3 U BOCCTaHOBMEHWE
nupyeaTta C nocreaylolmm 3KCNOpPTOM flakTtaTta BO BHEKNETOYHOE NpOCTpaHCTBO. Takon
TN meTabonuama no3sonseT nponudepmpyowmMm KnetTkam BbICTPO NonyyaTb SHEPruto 1
uHTepmeamaTtbl Anst OMOCMHTETUYECKMX MpOLECcCOB, MNOAABMATb WMMYHHbIA OTBET,
CTUMYNMPYET anuTennanbHO-Me3eHXMMarbHbIA Nepexoa W pas3BUTMe MHOXECTBEHHON
neKapcTBEHHOWN YCTOMYMBOCTU.

YT106bI OLEHUTL BAUSIHNE MUTOXOHAPMAaNbHOro MetTabonuama Ha pakoBble KIeTKu, Mbl
pa3paboTanM reHeTU4eCcKn KOAMPYEMbI WHCTPYMEHT AN reHepauuu nupysaTa B
MaTpuUKCEe MUTOXOHOPWA Ha ocHoBe AerngporeHasbl D-amuHokucnor (DadA) wus
Pseudomonas aeruginosa. 3101 dhepmeHT okucnsieT D-anaHnH Oo nupyBaTa U ammmaka.
Mockonbky D-anaHnH nNpakTMyeckn OTCYTCTBYET B KieTKax MIIEeKonuTaloLmX, akTUBHOCTb
DadA koHTponupyeTcsi pgobaeneHnem cybctpata u3BHe. DadA ¢ muToxoHOpwvanbHON
nokanusaumen mbl Hassanu Grubraw (Warburg B o6paTHOM nNpoyTeHnm).

AkTMBHOCTb Grubraw B OnyxomneBblx KNeTKax yBenuyuBana MeMOpaHHbIi noTeHuman
MWUTOXOHOPWIN, CKOPOCTb MNOTPEeBNeHns Kucnopoga W BHYTPUKNETOYHbIE KonuyecTsa
uHTepmeamaToB umkna Kpebca no cpaBHEHMIO C UCXOAHBIM 3HAYEHWEM U C KOHTPOMEM
(myTaHT Grubraw-mut, He obnagawwmii HPEPMEHTATUBHOW aKTUBHOCTbLIO). [Mpu 3TOM
akTmBHoctb Grubraw He Bnusina Ha pH ¥ KOHUEHTpauulo nepokcuaa Bopoposa B
MaTpuKCe MWUTOXOHAPWN, @ Takke Ha CKOPOCTb MMIMKOMNM3a U KOHLEHTpauuio nupysaTta B
uuTonnasmMe U MUTOXoHApUsiX. C Apyro CTOPOHbI, B NMaHENW NPOTECTUPOBAHHBLIX PaKOBbIX
KneTok akTuBHOCTb Grubraw yBenuuuBana BHEKNETOYHYH KOHLEHTpauuio nupyeaTta, He
BMNMAS Ha BHeKNekTouyHbln naktat. C ucnonb3oBaHnem 13C-meveHbix cybcTpaToB Obino
nokasaHo, 4TO HakannMBaeMbll BHEKNETOUHbIN NupyBaT obpasyetcsa n3 D-anaHuHa. Mpwu
3TOM aKTMBHOCTb Grubraw cHuxXana ckopocTb AefneHns pakoBbIX KNETOK B KynbType.

Y uMMyHOOEMUUUTHBIX Mblwen nuHum Nude NOAKOXHbIE KCeHOTpaHcnnaHTaTtbl
mMenaHombl Yyenoseka Lu451, crabunbHo akcnpeccupytowme Grubraw, 3amennsinu cBow
pOCT Npw BbiNameBaHum Mbiwen sogon ¢ 100 MM D-anaHuHoM.

MonyyeHHble AaHHble YyKasbiBalOT Ha TO, 4YTO akTuBHOCTb Grubraw yckopset
MUTOXOHOPWAnbHbLIA MeTabonuam 1 3amennseT POCT OMNyXOneBbIX KMETOK, HECMOTPS Ha
Hanuune KOMMEHCaATOPHOrO MexaHuW3ma, HanpaBfeHHOro Ha BblBEAEHWe WU3nuLKa
nMpyBaTa U3 MaTpuKCa BO BHEKIETOYHOE MPOCTPAHCTBO. Te€M He MeHee, MOry4eHHOro
n3MeHeHus meTabonuama JOCTaToOuHO, YTOObI 3aMeanyTb POCT ONyXonew in vivo.
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CHEMOGENETIC ACTIVATION OF MITOCHONDRIAL METABOLISM IN TUMOR
CELLS
Potekhina E.S."?* Bass D.Y."?, lvanenko A.V."2, Moshchenko A.A.2, Korzhenevskiy D.A.3,
Nesterenko A.M.3, Karnaeva A.E.*, Zakirova N.F.%, Ivanov A.V.%, Shimolina L.E.S,
Shirmanova M.V.%, Lyang O.V.3, Patsap O.1.%3, Bogeski .7, Belousov V.V."23
T Shemyakin-Ovchinnikov Institute of bioorganic chemistry, RAS; 2 Pirogov Russian
National Research Medical University;  Federal Center of Brain Research and
Neurotechnologies; # Frumkin Institute of Physical Chemistry and Electrochemistry, RAS; ®
Engelhardt Institute of Molecular Biology, RAS; ¢ Privolzhsky Research Medical University;
7 Molecular Physiology Division, Institute of Cardiovascular Physiology, University Medical
Center, Georg-August University, Géttingen, Germany
*E-mail: potekh@mail.ru

Upregulation of glycolysis and downregulation of mitochondrial oxidative
phosphorylation, termed as Warburg effect, are characteristic of tumor cells. During
carcinogenesis, pyruvate transport to mitochondria and its entry into the Krebs cycle are
suppressed, and glycolysis and pyruvate reduction are activated in the cytoplasm, followed
by export of lactate to the extracellular space. Warburg-type metabolism is beneficial for
rapidly proliferating cells, allows to quickly obtain energy and intermediates for biosynthetic
processes, suppress the immune response, stimulate the epithelial-mesenchymal
transition and the development of multidrug resistance.

It is unknown what would be the metabolic consequences of activation of
mitochondrial respiration in Warburg-type cancer cells. Here, we created a Grubraw
(reverse Warburg) chemogenetic tool based on the Pseudomonas aeruginosa FAD-
dependent D-amino acid dehydrogenase (DadA), which oxidatively deaminates D-alanine
and generates pyruvate directly in the mitochondrial matrix, bypassing the limited influx of
pyruvate. Since D-alanine is almost completely absent in mammalian cells, Grubraw
activity is controlled by the addition of an external substrate.

In cancer cells, Grubraw-driven pyruvate synthesis in the matrix increased
mitochondrial membrane potential, oxygen consumption rate, and the amounts of TCA
cycle intermediates. At the same time, Grubraw activity did not affect the pH and ROS
generation in the mitochondrial matrix, as well as the rate of glycolysis and the
concentration of pyruvate in the cytoplasm and mitochondria. Surprisingly, cancer cells
actively exported mitochondrial pyruvate generated by Grubraw into the extracellular
medium. In a panel of cancer cells tested, Grubraw activity increased extracellular
pyruvate concentration without affecting extracellular lactate. Using 13C-labeled
substrates, it was shown that accumulated extracellular pyruvate was formed from D-
alanine. At the same time, Grubraw activity reduced the rate of division of cancer cells in
culture. In Nude mouse model of Lu451 human melanoma xenografts, the chemogenetic
activation of mitochondria by Grubraw decreased tumor growth rate.

Our results demonstrate that Warburg effect reversal impacts tumor growth despite
the observed counteraction mechanism cancer cells use to dispose of the excessive
matrix pyruvate.
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HU3KOYACTOTHAA ONTONEHETUYECKASA CTUMYNALUUA MABHbIX HEAPOHOB,
HO HE MAPBAJIbBYMUH-MNONIOXUTENbHbLIX UHTEPHEWPOHOB,
NMPEOOTBPALLAET UKTANbHYIO AKTUBHOCTb B QHTOPUHAIIbHON KOPE
rPbI3YHOB B 4-AMUHOMNMUPUOANHOBOW MOMENMU IN VITRO
MpockypuHa E.F0.12*, Ymkos A.B.234, 3aiiues A.B.2
' HaumoHanbHbIi MEAULIMHCKWIA UcCcredoBaTenbCKU LeHTp um. B.A. Anva3sosa,
CaHkT-lMeTepbypr, Poccus
2 IHCTUTYT 9BOMIOLMOHHON chusunonornm n Guoxummn um. U.M. CeueHosa PAH,
CaHkT-lMeTepbypr, Poccus
3 OU3NKO-TEXHNYECKNI MHCTUTYT UM. A.®. Nodde PAH, CankT-MeTepbypr, Poccus
4 Inria Centre at Universite Cote d’Azur, Sophia Antipolis, France
*E-mail: elena.yu.proskurina@gmail.com

BucoyHass anunencus 4acto He noAdaeTcs  MeAMKaMEHTO3HOMY  JleYeHMIo.
HuskouyacTtoTHas anekTpuyeckas CTUMYNSUUS MOXET ObiTb anbTepHaTUBHLIM METOAOM
neyveHus hapMakope3nCTEHTHbIX hOpM anunencun, OgHako eCTb PUCK BO3HWMKHOBEHUS
noboyHbIX 3addekToB. YToObl YMEHbLMTb pPUCK pPas3BUTUS MOBOYHBIX 3AdEKTOB,
HeobXoQMMO OCyLLecTBNSATb Oonee TapreTHoe BO3AENCTBME Ha HEpBHyO TKaHb. Ha
MOMOLLb B MOMCKE MULIEHN AN NPOTUBOSNWUMENTUYECKOrO BO3OENCTBUS NpuLLen
COBPEMEHHbIN MeToa Henpoumanonormm — ontoreHeTuka. OnToreHeTUYeckMin noaxon
no3BofseT BO3AeNCTBOBaTbL CMEUMPUYHO Ha onpeaeneHHbIN TUM HEMPOHOB, YTO MOXET
NoBbICUTb 3(PHEKTUBHOCTL M GE30MaCHOCTb HU3KOYACTOTHOM CTUMynsuuu. B gaHHon
pabote Mbl nposepunu 3MMEKTUBHOCTL MNOAABMEHUSA WKTaNbHbIX pas3psgoB B 4-
aMUHONUPUAMHOBOW MoAenu anunenTUOPMHOW aKTUBHOCTM in Vitro C NOMOLLBIO Tpex
TWUNOB HM3KoYacToTHOM choTocTumynaumm (HYPC): 1) aktuBaumm BO3OyxOaOWMX W
TOPMO3HbIX HENPOHOB, IKCMPECCUPYIOLLMX KaHanopoaoncuH2 (Ha melwax Thy1-ChR2-
YFP); 2) akTnBaumMm TOPMO3HbIX MHTEPHEWPOHOB (Ha Mblwax PV-cre nocne uHbekuum
BMPYyCa C reHoM KaHanopogorncuHa2); 3) rmnepnonsipusauumm Bo3byxaalLlmx HEeWpOHOB
(Ha Kpbicax BucTtap nocne nHbLeEKUMU BMpYyca C reHOM apxepoaorncuHa). Tonbko B NepBoM
cnyyae HYOC addekTMBHO nogasnsna WKTanbHYH akTMBHOCTb, MPU 3TOM Bbi3blBas
WHTepukTanbHytlo. B TomM cnyyae, korga cwunbl CBETOBOTO BO34ENCTBUS  Obino
HegoCTaTOMHO AN Toro, 4ToObl BbI3BATb WHTEPUKTanbHble paspsigbl, WKTanbHas
aKTUBHOCTb coxpaHsinacb. Mbl npegnonaraem, 4to HYPC Bo3Oy>KAAOWMX U TOPMO3HBLIX
HENPOHOB NPUBOAUT K U3MEHEHUIO FPaAMEHTOB KOHLEHTPaLUMM KaTUOHOB HaTpusl U Kanus
yepe3 MemOpaHy HenpoHOB, 3TO npuBoAMT K aktuBauum Na-K-nomnel. CornacHo
MaTemMaTU4eckoMy MOAENVPOBaHMIO, yBenundeHne aktnuBHocTv Na-K-nomnbl, Bbi3BaHHOE
HY®C, okasbiBaeT npoTuBoanunentuyecknii adpdekt. Takum obpasom, HecneuuduyHoe
HM3KOYACTOTHOE BO3AENCTBME Ha SHTOPUHArbHYKD KOpPY oOKasanocb HaubGonee
3 peKTUBHBLIM B MOAABNEHNN UKTANbHON aKTUBHOCTU B 4-aMUHONUPUONHOBOW MOLENMN.

Paboma noddepxaHa epaHmom PO®U 19-315-60016.
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OPTOGENETIC LOW-FREQUENCY STIMULATION OF PRINCIPAL NEURONS, BUT
NOT PARVALBUMIN-POSITIVE INTERNEURONS, PREVENTS GENERATION OF
ICTAL DISCHARGES IN RODENT ENTORHINAL CORTEX IN AN IN VITRO 4-
AMINOPYRIDINE MODEL
Proskurina E.Yu."2* Chizhov A.V.234, Zaitsev A.V.2
" Almazov National Medical Research Centre, Saint Petersburg, Russia
2Sechenov Institute of Evolutionary Physiology and Biochemistry of RAS, Saint
Petersburg, Russia
3 |offe Institute, Saint Petersburg, Russia
4Inria Centre at Universite Cote d’Azur, Sophia Antipolis, France
*E-mail: elena.yu.proskurina@gmail.com

The temporal lobe epilepsy is often not treated pharmacologically. Low-frequency
electrical stimulation is used to treat some drug-resistant forms of epilepsy. Despite the
effectiveness of the method in suppressing seizures, there is a considerable risk of side
effects. To reduce the risk of side effects, it is necessary to carry out a more targeted
effect on the nervous tissue. A modern method of neurophysiology, optogenetics, came to
help in the search for a target for antiepileptic effects. An optogenetic approach allows the
targeting of specific populations of neurons, which can increase the effectiveness and
safety of low-frequency stimulation. In our study, we tested the efficacy of the suppression
of ictal activity in entorhinal cortex slices in a 4-aminopyridine model with three variants of
low-frequency light stimulation (LFLS): (1) activation of excitatory and inhibitory neurons
expressing Channelrhodopsin2 (on Thy1-ChR2-YFP mice), (2) activation of inhibitory
interneurons only (on PV-Cre mice after virus injection with channelrhodopsin2 gene), and
(3) hyperpolarization of excitatory neurons (on Wistar rats after virus injection with
archaerhodopsin gene). Only in the first variant was effective and replaced ictal activity
with interictal activity. In the case when the intencity of light was not enough to induce
interictal discharges, ictal activity was preserved. We suggest that LFLS caused changes
in the concentration gradients of K+ and Na+ cations across the neuron membrane, which
activated Na-K pumping. According to the mathematical modeling, the increase in Na-K
pump activity in neurons induced by LFLS led to an antiepileptic effect. Thus, a less
specific and generalized optogenetic effect on entorhinal cortex neurons was more
effective in suppressing ictal activity in the 4-aminopyridine model.

Supported by the Russian Foundation for Basic Research (project number 19-315-
60016).
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POTOCTUMYNALNA AKTUBUPYET KAK BbICTPOPA3PAXAKLWUECA
WHTEPHEWPOHBI, TAK U MUPAMUOHBLIE KNETKU B QHTOPUHANBbHOW KOPE
THY1-CHR2-YFP 18 NMUHUU MBILLEW
MpockypuHa E.10.12*, 3aiues A.B.2
' HaumoHanbHbIi MEAULIMHCKWIA UcCcredoBaTenbCKU LeHTp um. B.A. Anva3sosa,
CaHkT-lMeTepbypr, Poccus
2 IHCTUTYT 9BOMIOLMOHHON chusunonornm n Guoxummn um. U.M. CeueHosa PAH,
CaHkT-lMeTepbypr, Poccus
*E-mail: elena.yu.proskurina@gmail.com

MNpvMeHeHWe ONTOreHeTUKM ANS WCCRedOBaHWW Ha XMBOTHbIX OTKPbINO HOBble
BO3MOXHOCTU B (DyHOAMEHTanbHOW HelpoHayke U B revyeHun 3aboneBaHui HepBHOW
cucteMbl. OCHOBHbIM MPEVMYLLLECTBOM OMTOreHeTUYEeCcKOro Mnoaxoda SBMSeTCs TO, 4TO
MOXHO OKa3blBaTb BO3JEUCTBUE HaA OMNPEdEneHHbI TWUM  KMeToK, NpuUYemM Kak
cTumynupylowlee, Tak u Topmossiwee. OgHOW M3 MNEPBbIX NMHWIA, MOMYyYeHHbIX Ans
onToreHeTukn, 6Obina nuHma  Thy1-ChR2-YFP. Thy1 oTHocutca K cemewncTBy
UMMYHOITODYNMHOB,  9KCMPECCUPYIOLWMXCA B MPOEKTUpYLWUX HerpoHax. OpHako
cneunUYHOCTL 3KCNpeccun KaHanopodorncuHOB noA npomoTepoMm Thy1 B pasnunyHbIX
NWHKAX eLle JoMkHa ObiTb yTOYHeHa. Hawew uenbio 6b1no onpegenvTs cneunduyHoCTb K
TUMY KMEeTOK 3KCMpPeccun KaHanopodornCUHOB B 3HTOPUHAMNbLHOW Kope Mblwen nuvHum 18
Thy1-ChR2-YFP. Mbl ofHapyxwunu, 4TO KaK nupaMmugHble KNeTkn, Tak W
ObICTpOpaspsKaloWMecs WHTEPHENPOHbI B rYOOKMX CNOSAX SHTOPUHANbHOW  KOpbl
0enonsapum3yloTcs U reHepupyroT NoTeHumansl AencTBMA Npu BO3gencTeny ceetom 470 HM.
YTtobbl UCKMOUNTL 3PGEKT CUHANTUYECKOW aKTMBALUW WHTEPHEWPOHOB MNMpamMUOHbLIMU
KneTkamu, Mbl BOCNOMNb30BaNncb CenekTMBHbIM aHTaroHnctom AMPA-peuenTtopoB. B aTux
YCMOBUSAX TOPMO3HblE MOCTCMHaMNTUYeCKUe TOKW YMeHbLuanucb No amnnuTyge, HO He
ucuyesanu. OHM nNponaganu nog AencTenem rabasuHa, aHTaroHucta FAMKa-peuenTopos.
OTO [okasblBaeT NPSMY0 aKkTUBaUMO WHTEPHEMpPOHOB cBeTOM. [lonyyeHHble AdaHHble
yKa3bIBalOT Ha TO, YTO KaHaNopoAOMNCHHbI SKCMPECCUPYIOTCS Kak B NUPaMUAHbBIX KNeTkax,
Tak U B ObICTPOPA3PSKAILLMXCA MHTEPHENPOHaX 3HTOpUHanbHowm kopbl Thy1-ChR2-YFP
MbILLN.

Paboma noddepxaHa epaHmom POOU 19-315-60016.
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PHOTOSTIMULATION ACTIVATES FAST-SPIKING INTERNEURONS AND
PYRAMIDAL CELLS IN THE ENTORHINAL CORTEX OF THY1-CHR2-YFP LINE 18
MICE
Proskurina E.Yu."?, Zaitsev A.V.?

" Almazov National Medical Research Centre, Saint Petersburg, Russia
2Sechenov Institute of Evolutionary Physiology and Biochemistry of RAS, Saint
Petersburg, Russia
*E-mail: elena.yu.proskurina@gmail.com

The application of optogenetics in animals has provided new insights into both
fundamental neuroscience and diseases of the nervous system. This is primarily due to
the fact that optogenetics allows selectively activating or inhibiting particular types of
neurons. One of the first transgenic mouse lines developed for the optogenetic experiment
was Thy1-ChR2-YFP. Thy1 is an immunoglobulin superfamily member expressing in
projection neurons, so it was assumed that channelrhodopsin-2 (ChR2) would be primarily
expressed in projection neurons. However, the specificity of ChR2 expression under
promoter Thy1 in different lines has to be clarified yet. Therefore, we aimed to determine
the cell specificity of ChR2 expression in the entorhinal cortex of Thy1-ChR2-YFP line 18
mice. We have found that both pyramidal cells and fast-spiking interneurons in deep layers
of the entorhinal cortex depolarized and fired in response to 470-nm photostimulation. To
exclude the effect of synaptic activation of interneurons by pyramidal cells, we used a
selective antagonist of AMPA receptors. Under these conditions, inhibitory postsynaptic
currents decreased but did not disappear completely. Furthermore, gabazine inhibited
these postsynaptic currents entirely, thus confirming the direct activation of interneurons
by light. These data demonstrate that ChR2 is expressed in both pyramidal neurons and
fast-spiking interneurons of the entorhinal cortex in Thy1-ChR2-YFP mice.

Supported by the Russian Foundation for Basic Research (project number 19-315-
60016).
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TPAHCOYKLUMNA HEWPOHOB MOJIOBHOIO MO3IrA MOJIOAU KEThbI
ONCORHYNCHUS KETA PEKOMBUHAHTHbIM ADEHOACCOLMUPOBAHHbLIM
BUPYCOM rMNNOKAMNA NMPU MHBEKUUN B MO3XEYOK: PE3YNIbTATbI
AONrOBPEMEHHOIO MOHUTOPUHIA.

MywwHa E.B.*, CtykaHeBa M.E., WamwypuHa E.B., BapakcuH A.A.
HaumnoHanbHbIM Hay4YHbIN LeHTp Mopckon 6uonorum um. A.B. XXupmyHckoro
HanbHeBocTo4HOro otaenenusa PAH, BnagmusocTok, Poccus
*E-mail: puschina@mail.ru

Teno mo3axeyka MONoOAM KeTbl, SBNSETCA MYMNbTUNPOEKUMOHHON obnacTbio Moa3ra,
CcBA3aHHOM ad)pepeHTHbIMU U 3(PPEPEHTHLIMU CBA3SIMA  C  BbILLEPACMNOSIOXEHHBIMU
obnactAMM cTBOMa MoO3ra W CUH3HUedanoHa, a Takke MynbTUNPOEKUMOHHBLIMU
obnactaMy NpogonroBaToro U CNMHHOTO Mo3ra. Y4YnTbiBasi NpoLecc NoCTaMBpMOHaNbHOIo
pa3BUTMSA MO3XKeyka KeTbl, BO BPeMs KOTOPOro naTepanbHas 4YacTb MO3Xeuyka Mofioau
[aeT Havano kaygomeamanbHOW 4YacTu OeUHUTUBHONO MO3XKeYka, YTO COOTBETCTBYET
OaHHbIM Ha MO3Xe4Kke AaHMO U MbllK, Tonorpaduyeckas opraHM3auns Mo3xedka u ero
ahdhepeHTOB MMET CxoACTBO Yy pblb (keTbl U [aHMo), Mbllen W Yenoseka.
PacnpegeneHnss pekoMOUHAHTHbIX aA4eHO-acCOLMMPOBAHHBIX BUPYCOB  rMMnokamna
mnekonutarowmx (rAAV) nocne uHbekumn 6a30BOr0 BEKTOPa B MOIXKEYOK BbISBUNN
BbICOKO CrneunduyHbie naTTepHbl 9KCMPECCUMU TPaHCTeHOB B OMMONSPHbLIX HeWpoHax B
nartepo-kayganeHow pgomnu tectum opticum monognm ketbl. PacnpoctpaHeHue rAAV B
obnactu popcanbHOro Tanamyca, a3nuTanaMmyca, Kpyrnoro sgpa W npeTeKkTanbHOro
KOMMMekca cBUAeTEenbCTBYeT O TapreTHOM pacnpoCTpaHeHWU TpaHCreHa B cocTaBe
Tanamo-uepebennspHbix npoekuuii. ObHapyxeHue akcnpeccun GFP B kneTkax anudusa
N 3agHero Oyropka momoau KeTbl Mbl CBSi3blBa€M C pacrnpocTpaHeHue TpaHcreHa cC
NMKBOPOM, OMbIBAIOLLIMM 3KEMNYAOYKM MO3ra M €ro BHELLHKW MOBEepXHOCTb. [psimas
poctaska rAAV B nWKBOPHOE NPOCTPAHCTBO MyTeM WHTpauepebpoBEeHTPUKYNAPHOro
BBeJEeHUs, [aeT BO3MOXHOCTb ANA ero wmpokoro pacnpoctpaHeHus B LIHC. Takum
06pa3oM, Hanuune yCTaHOBMEHHBIX MPOEKLUMOHHBLIX obnacter B MO3Xe4ke MOMOAMN KeTbl,
a Takxke 3a ero npegenaMv u MaeHTUMUKaUmns B HUX SKCMPECCUU TPaAHCTEHOB [OKa3biBaeT
noTeHUManbHyto cnocobHoCTb K pacnpocTpaHeHuo rAAV B cocTaBe
UHTpauepebennspHbIX, a Takke adpdepeHTHbIX N 3dhdEPEHTHBIX IKCTpauepebennspHbIX
npoeKkuMn Mo3axeuka. [MonyvyeHHble AaHHble NO3BONSAOT Ucnonb3oBaTb rAAV B KayecTse
3(PPEKTUBHOIO MHCTPYMEHTA AJ151 UCCIIE0BaHMS BHYTPUMO3rOBbIX CBSI3el Y pblb 1 Apyrux
MO3BOHOYHBbIX, YTO MOXEeT HaWTW NPUMEHEHWS B  Pasfnu4YHblX  3BOSOLIMOHHO-
MOPONOrMYECKUX, XOAONOTMYECKNX W CPaBHUTEMbHbLIX UCCNefoBaHUsIX. BbisBneHue
HelpoHanbHoro deHoTuna HuCD-akcnpeccmpyowmnx TpaHCreHHbIX KNeTOK ykasbiBaeT Ha
0COBEHHOCTM M HampaBfeHUss  BHYTPUKIMETOYHOrO W TpPaHCHEMPOHarbHanbHOrO
TpaHcrnopTa TpaHCreHoB B Mo3re pblb. B pesynbTtaTe npoBedeHHbIX UccreaoBaHuin bbino
noaTBEPXAEHO, YTO reHeTudeckuin TapretuHr B LIHC moxeT obecneunBaTtbea nytem
paccenBaHUsi TeHOB 3a CYET ANIMHHOAKCOHHbIX aHTepo- U peTporpagHbiX Npoekunn u3
OrpaHNYeHHOro yyactka mosra. OgHako, Ha CerofHsWHWIA AeHb BOMPOCHI, CBA3aHHbIE C
noTeHUManbHONW [OCTaBKOW TEeHETUYECKUX BEKTOPOB B yAdarneHHble Y4acTku Moa3ra,
TpebyloT AOMOSNTHUTENBHOIO U3y4YeHUs.
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TRANSDUCTION OF BRAIN NEURONS IN JUVENILE CHUM SALMON
ONCORHYNCHUS KETA WITH RECOMBINANT ADENO-ASSOCIATED
HIPPOCAMPAL VIRUS INJECTED INTO THE CEREBELLUM: RESULTS OF LONG-
TERM MONITORING
Pushchina E.V.*, Stukaneva M.E., Shamshurina E.V., Varaksin A.A.
Zhirmunsky National Scientific Center for Marine Biology of the Far Eastern Branch of
RAS, Vladivostok, Russia
*E-mail: puschina@mail.ru

The corpus cerebelli in juvenile chum salmon is a multiprojective region of the brain
connected by afferent and efferent connections with the higher regions of the brainstem
and synencephalon, as well as multiprojection regions of the medulla oblongata and spinal
cord. Taking into account the possible process of postembryonic development of the
cerebellum of the chum salmon, during which the lateral part of the cerebellum of juveniles
can give rise to the caudomedial part of the adult cerebellum, which corresponds to the
data on the cerebellum of zebrafish and mice, the topographic organization of the
cerebellum and its efferents are similar in fish: chum salmon and zebrafish, mice and
humans. The distributions of rAAV after injection of the base vector into the cerebellum
revealed highly specific patterns of transgene expression in bipolar neurons in the latero-
caudal lobe of the tectum opticum of juvenile chum salmon. The distribution of rAAV in the
region of the dorsal thalamus, epithalamus, nucleus rotundus, and pretectal complex
indicates the targeted distribution of the transgene in the thalamo-cerebellar projections of
the chum salmon. The detection of GFP expression in the cells of the epiphysis and
posterior tubercle of juvenile chum salmon is probably associated with the spread of the
transgene with the cerebrospinal fluid washing the outer surface and ventricles of the brain.
Direct delivery of rAAV into the CSF space by intracerebroventricular administration makes
it possible for wide distribution in the CNS. Thus, the presence of established projection
areas in the cerebellum of juvenile chum salmon, as well as outside it, and the
identification of transgene expression in them present the potential ability of rAAV to
distribute in intracerebellar, as well as afferent and efferent extracerebellar projections of
the cerebellum. The obtained data make it possible to use rAAVs as an effective tool for
studying intracerebral connections in fish and other vertebrates, which can be used in
various evolutionary-morphological, hodological, optogenetic and comparative studies.
The detection of the neuronal phenotype of HuCD-expressing transgenic cells indicates
the features and directions of intracellular and transneuronal transport of transgenes in the
fish brain as a result of the studies, it was confirmed that genetic targeting in the CNS can
be provided by gene dispersion due to long-axon antero- and retrograde projections from a
limited area of the brain. However, to date, the issues related to the potential delivery of
genetic vectors remote from the injection site require further study.
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NMPOrPAMMHOE OBECMNEYEHUE ONA AHAITM3A ®OPMbI AEHOPUTHBLIX LULUMTUKOB
HA KOH®OKAINBbHBLIX U30BPAXEHUAX HEMPOHOB
Muuukasa E.WN. '*, Bacunbes M.W.", YykaHos B.C. ', BeanpoasaHHbiit U.B.12
" CaHkT-MeTepbyprekuii MonutexHuyeckuin yuueepcuteT MNeTpa Benwvkoro, CaHkT-MeTep6ypr,
Poccus
2 lOro-3anagHbii MeguuMHCKUIA LeHTp Texacckoro yHuBepcuTeTa, [lannac, Texac, CLUA
*E-mail: katrincreative@yandex.ru

[eHapuTHble LUMNWMKU MPeacTaBnsioT COOOM BbLIPOCT Ha MOBEPXHOCTU AEHAPWUTHON
MeMbOpaHbl, obpasyowme nodasnsawowee OGONbLIMHCTBO BO3DYXAAMOLMX CUHANTUYECKNX
KOHTaKTOB B HelpoHax. [leHapuTHble wunukmM obnaaatoT pasHoobpasHoi dopmoit, koTopas
MOCTOSIHHO MeHsieTca. CunMTaeTcs, YTO AdaHHbI npouecc obecneymBaeT CUHaMTUYECKYHD
NMacTUYHOCTb, TEM He MeHee TpebylTca AanbHeNMe UCCnefoBaHUs Ans YCTaHOBMEHUS!
CcBA3M Mexagy opMon Uu  yHKuMen wunukoB. Mopdonorns AeHOPUTHBIX  LUMMUKOB
W3MEHSIETCST NPU HENPOOHTOTEHETUYECKMX W HeMpoaereHepaTuBHbIX 3abonesaHusix, U B
OTBET Ha [JdencTBue BHEWHUX cTumynoB. Knaccudmkauma no npegonpeaeneHHbIM
MOPMOMOrMYeckUM rpynnamM  SBMASEeTCS LUMPOKO WCNONb3yeMbIM MNOAXOAOM K aHanuay
Mopdonormm  OeHOPUTHbIX — WunvkoB. B gaHHOM noaxoge  wWwnuvkv  Oensatcs  Ha
PMKCUMPOBaHHbIE KaTeropuu, Takvue Kak TOHKve, rpnuboBuaHble U neHbKoBble. Knaccudukaums,
06bI4HO, BbIMOSHAETCS AKCMEPUMEHTATOPOM MOSlyaBTOMAaTUYECKMM CMOCOOOM, YTO BedeT K
3HauuTenbHO owwubke. [locnegHve uwccnegoBaHus, B TOM YMChEe C  MUCMOMb30BaHWEM
NPWXMU3HEHHON MUKPOCKONWK in Vitro v in vivo, CBUAETENbCTBYIOT B NOMb3Yy TOrO, YTO hOPMbI
OEeHAPUTHBIX LUMNWKOB NPEeACTaBNstoT COBON KOHTUHYYM, @ He YeTKO pasfefieHHble Kracchbl
(Pchitskaya E., Bezprozvanny |., 2020). B cBA3u ¢ 3TMM CyLlecTByeT HeobXxoaMMOoCTb B
pa3paboTke HageXHOro MeToAa OLEHKM U U3ydeHVs Mopdhonormm AeHOPUTHBIX LUMMMKOB.
Hamu pa3paboTtaHo nporpaMMHoe obecrneyeHne ¢ OTKPbITbIM UCXOOHBIM KOAOM, HarnmcaHHoe
Ha Python, Ans cermeHTauum [EHAPWUTHBLIX LUWAWKOB W3  TPEXMEPHbIX AeHAPUTHBLIX
n3obpaxeHuii, BbluucrieHnss 11 Hambonee LUMPOKO UCMOMb3yeMbIX MOPEONOrMYecKMx
NMPWU3HAKOB M BLIMOSIHEHNS Knaccudukaumm n knactepusaumn. Mel paspaboTany 0CHOBaHHbIN
Ha anropyuTMe  MAaLUMHHOIO  OOy4YeHMs]  MHCTPYMEHT  Kraccudukaumu,  KOTOpbIN
KnaccmuumpyeT LUMAUKA MO yKasaHHbIM Bblle KaTeropusiM Ha OCHOBE KOHCEHCyca,
[OOCTUIHYTOrO NyTEM PYYHOW pa3MeTku obydarollero gataceta 8 pasfmyHbIMU 3KCrepTamu.
To4HOCTb Takoro Metoga cornocTaBuMa C dKCrnepTHoW paameTtkon (>80%). Takonm noaxosd
NO3BOSISIET CHU3UTb HEOOBLEKTUMBHOCTL W TPYOOEMKOCTb Kraccudumkaumn. VIHCTpyMeHT
Krnactepusaumu, rge KOnM4ecTBO rpynn M MX COAepXaHus onpedensieTcs AaHHbIMK, a He
9KCNepyMeHTaTopoM, npeacrasneH anroputmamu k-cpegHnx u DBSCAN ¢ aBywmsi
pasnuyHbIMKU  MEeTpUKaMu AN OnpederneHns Konudectsa knactepoB. PaspabotaHa
KayeCTBEHHO HOBasi HeyMcrioBasi METpUKa Of1s1 ONUCaHUsi (POPMbl AEHAPUTHBIX LUMMOB —
X0opAoBas rucTtorpamma, Kotopash COCTOMT W3 CRy4alHO MOCTPOEHHbIX Xopad (NUHWA,
COEAMHSAIOLLMX ABE TOYKM NOBEPXHOCTM Moboro obbekTa) B 06beMe AeHAPUTHBIX LLMMUKOB.

Paboma ebinonHeHa npu nod0epx ke npospamMmbl akademuyeckozo sudepcmea
«lpuopumem 2030» Ne. 75-15-2021-1333.
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SOFTWARE FOR DENDRITIC SPINE SHAPE ANALYZIS ON THE CONFOCAL
NEURONAL IMAGES
Pchitskaya E.l.", Vasiliev P.1.", Chukanov V.S.", Bezprozvanny I.B."2
" Peter the Great Saint Petersburg Polytechnic University, Saint Petersburg, Russia
2 University of Texas Southwestern Medical Center, Dallas, Texas, USA
*E-mail: katrincreative@yandex.ru

Dendritic spines are outgrowths on the dendritic membrane surface forming the vast
majority of excitatory synaptic contacts in neurons. Dendritic spines have a variety of
shapes that are constantly changing. This process is believed to mediate synaptic
plasticity, but further research is required to establish a relationship between spine shape
and function. The morphology of dendritic spines changes in neurodevelopmental and
neurodegenerative diseases and in response to external stimuli. Classification according
to predefined morphological groups is a widely used approach to the analysis of the
morphology of dendritic spines. In this approach, spines are divided into fixed categories
such as thin, mushroom and stubby. Classification is usually performed by the
experimenter in a semi-automated manner, leading to significant error. Recent studies,
including those using life microscopy in vitro and in vivo, suggest that dendritic spines
shapes represent a continuum rather than clearly separated classes (Pchitskaya E.,
Bezprozvanny 1., 2020). In this regard, there is a need to develop a reliable method for
assessing and studying the morphology of dendritic spines. We have developed open-
source software in Python to segment dendritic spines from 3D dendritic images, compute
the 11 most commonly used morphological features, and perform classification and
clustering. We have developed a classification tool based on a machine learning algorithm
that classifies spines into the mentioned above categories based on a consensus reached
by manual labeling of the training dataset by 8 different experts. The accuracy of this
method is comparable to expert markup (>80%). This approach reduces the bias and
complexity of classification. The clustering tool, where the number of groups and their
content is determined by the data and not by the experimenter, is represented by k-means
and DBSCAN algorithms with two different metrics to determine the number of clusters. A
qualitatively new non-numeric metric has been developed to describe the shape of
dendritic spines - a chord lengh histogram, which consists of randomly constructed chords
(lines connecting two points on the surface of any object) in the volume of dendritic spines.

Supported by the program of academic leadership "Priority 2030" No. 75-15-2021-
1333.
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FEHETUYECKU KOOUPYEMbIA ®NTYOPECLEEHTHbLIN BUOCEHCOP Ond
PErMCTPAUMU ANMUHHOLIENOYEYHbIX TUIO3®UPOB XUPHbLIX KUCNOT auun-
KoA B XUBbIX KITETKAX
Panota [.0."2, Cynonnatos M.A.%, Bunax .C."3
" MIHCTUTYT GMoopraHmyeckoi XuMmumn um. akagemukos M.M. LLiemsikuHa 1
1O0.A. OBumnHHuKoBa PAH, Poccus, Mocksa
2 MoCKOBCKMI rocyAapCTBEHHbIV yHMBepcuTeT uM. M.B. NTomoHocoBa, Poccus, MockBa
3 Poccuiicknit HaumoHarbHbIN UccrieoBaTeNbCkuii MeaNLMHCKUIA YHUBEPCUTET UMEHM
H.W. Nuporosa, Poccus, Mocksa
*E-mail: dianarapota7@gmail.com

Tnoadupbl OMHHOLLENOYEYHbIX XUPHBIX KUCMOT M KodepmeHTa A (auun-KoA) —
KMIOYEBLIE YYaCTHUKN MeTabonvama NUNuaoB M CUrHanbHbIX NyTen knetok. OgHako Ha
CEerofHsAWHMN OeHb W3yYyeHue [aHHbIX COoeAuHEeHWW N vivo 3aTpydHEeHO Wu3-3a
orpaHu4eHHoro Habopa mMeTofoB uX Bu3dyanusauwmu. Llenb aaHHon paboTbl — co3paTb
reHeTUYeckn Koampyembli OMOCEHCOpP Ha OCHOBE KpYroBOro mnepMyTaHTa >KenToro
dnyopecueHTHoro 6enka (cpYFP) u aumn-KoA-cBasbiBalolwero TpaHCKPUNUMOHHOI
daktopa FadR wu3 V.cholerae, koTopou no3BONUT uccregoBaTb MPOCTPAHCTBEHHO-
BPEMEHHYI0 AMHaMUKY ANIMHHOLENoYeYHbIX aumn-KoA B XMBbIX KNeTKax.

MepBuyHasa Bepcusi BuoceHcopa Obina nonydeHa uHterpaument cpYFP B nuHkepHbI
yyactok FadR ¢ nomouwbto overlap-extension PCR. Metogom error-prone PCR Gbina
cosfaHa bubnunoTeka Bepcum BuoceHcopa co crnyyanHbiMm 3ameHamn. OT6op BapyaHToB
6uoceHcopa Obln  OCYLIECTBMEH Ha OCHOBaHWM WHTEHCUMBHOCTM  cbryopecueHumm
GakTepuanbHbix kroHoB E. coli XL1-Blue, akcnpeccupytowmx 6GuoceHcop, n aMnnmTyabl
oTBeTa Ha nurand. CnekTpanbHble XapakTepUCTMKM NyopecuUeHUMn OYULLEHHbIX
npenapaTtoB GuoceHcopa Gbinn nccnegoBaHbl C MOMOLLBIO criekTpodhryopumeTtpa Varian
Cary Eclipse. [inst u3yyenns pabotocnocobHocTn bruoceHcopa B nuHum knetok HEK 293T,
Obima npoBegeHa TpaHcdekumss peareHTom FuGENE HD ¢ nocnegywouwen
LUMpOKONonbHON dryopecueHTHon mukpockonven Ha Nikon ECLIPSE Ti2.

B pesynbTate, 6bina otobpaHa KOHCTPYKLUMS, OTNIMYaOLWAsCA NOBbLILUEHHON SPKOCTHIO
n amnnutygon otBeta Ha oneun-KoA u nanbmutonn-KoA. EE cBonctBa Obinn
uccnenoBaHbl Ha O4YMLLEHHOM npenapaTte 6enka v nNpu aKCNpeccun B KynbType KNeTok
HEK 293T. [daHHbIA WHCTPYMEHT AEMOHCTpUMpYEeT pauvoMeTpuyeckuin, obpaTuMbin ©
CEeneKTMBHbIN (DNyopecLEHTHbIN OTBET Ha O4YMLLUEHHOM npenapate 6enka v B KynbType
knetok HEK 293T nocne nepmeabunusauum OUrMTOHMHOM, oTBevass Ha auun-KoA c
OnvHon uenun Gonee 12 atomoB yrnepoga. buoceHcop obnagaet BbICOKOW amnnuTynoun
oTBeTa, npeBocxogsien B 8-10 pa3 TakoByt y MepBUMYHON BepcUK, MmeeT Hu3kyto Kd
(coThH HM K pas3nuyHbIM  nuraHgam), W HUskytlo  pH-4yBCTBUTENBLHOCTHIO B
usmonormyeckom ananasoHe pH. Takum ob6pasom, paspaboTaHHbIi GBUOCEHCOP NO3BONUT
n3yyaTb AUHAMUKY ANMHHOLENoYeYHbIX aunn-KoA B pexvmMe peanbHOro BpeMeHu in vivo.
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GENETICALLY ENCODED FLUORESCENT BIOSENSOR FOR THE LONG-CHAIN
FATTY acyl-CoA ESTERS DETECTION IN LIVING CELLS
Rapota D.D."2, Sudoplatov M.A .3, Bilan D.S."3
1 Shemyakin-Ovchinnikov Institute of bioorganic chemistry, Russia, Moscow
2 Lomonosov Moscow State University, Russia, Moscow
3 Pirogov Russian National Research Medical University, Russia, Moscow
*E-mail: dianarapota7@gmail.com

Long-chain fatty acyl-CoA esters are key molecules in lipid metabolism and cell
signalling. However, to date, in vivo studies of these molecules are limited due to the lack
of tools for their visualization. The aim of this work was to develop a genetically encoded
fluorescent biosensor to monitor the spatiotemporal dynamics of long-chain acyl-CoA in
live cells. The created biosensor consists of a circularly permuted yellow fluorescent
protein (cpYFP) and the acyl-CoA-binding transcription factor FadR from V.cholerae.

The primary version of the biosensor was obtained by integration of cpYFP into the
flexible loop of FadR using overlap-extension PCR. A library of biosensor versions with
random mutations was generated using the error-prone PCR method. The biosensor
versions were selected based on the fluorescence intensity of the E. coli XL1-Blue
bacterial clones expressing the biosensor and the ligand response amplitude. The
fluorescence properties of purified proteins were examined using a Varian Cary Eclipse
spectrofluorimeter. To test the biosensor functionality in HEK 293T cells transfection with
FUGENE HD reagent followed by wide-field fluorescence microscopy on Nikon ECLIPSE
Ti2 was performed.

As a result, a variant with increased brightness and response amplitude to oleoyl-CoA
and palmitoyl-CoA was selected. Its properties were characterized using a purified protein
and HEK 293T cell culture. The instrument exhibits a ratiometric, reversible and selective
fluorescence response on the purified protein and in HEK 293T cell culture after
permeabilization with digitonin. The biosensor responds to acyl-CoA with a chain length
greater than 12 carbon atoms. It has a high response amplitude, 8-10-fold greater than
that of the primary version, low K¢ (hundreds of nM to various ligands), and low pH
sensitivity in the physiological pH range. Thus, the developed biosensor will make it
possible to study the dynamics of long-chain acyl-CoA in real-time in vivo.

101



April 6-8, 2023 OPTOGENETICS+ 2023

KANbUMEBASA AKTUBHOCTb HEMPOHOB OBJIACTU CA1 TMMNMOKAMIA NPU
POPMUPOBAHNUU N NU3BJIIEMEHUU NAMATU OB OBCTAHOBKE
PoroxHukosa O.C."2* MeawknHa O.W."2, Toponosa K.A.'2, Cotckos B.M.12,
MniocHuH B.B."2, AHoxuH K.B.123
" NaGopatopusa HernpoHHoro uHtennekra, MY um. M. B. JNlomoHocosa, Mocksa, Poccus
2 IHCTWUTYT NepcneKTUBHLIX UccrieqoBaHuii mosra, MY umM. M. B. JNlomoHocoBa, Mocksa,
Poccus
3 MHcTUTYT HopManbHoi dmanonorum um. M. K. AHoxunHa, Mockea, Poccus
*E-mail: osrogozhnikova@gmail.com

M3BecTHO, 4TO npu HOPMUPOBAHMM NaMATM O HOBOM OMbITE€ Yy >KMBOTHOMO
aKTUBMPYeTCA HENpOHbl BO MHOrMx obractax Mosra. B uvacTHocTw, akTtuBupyloTcs
HelpoHbl obnactn CA1 runnokamna npyv (hOpMMPOBaHUM NaMATM O HOBOW OGCTaHOBKE
(Santarelli A.J., et al., 2018). MNpn 3TOM He BMOJSIHE SICHO KaK W3MEHSETCA aKTMBHOCTb
HeripoHoB obnactn CA1 npu chbopmmnpoBaHum n nssnedveHmn namatn. B Hawen pabote mbl
uccregoBann U3MeEHeHUs KanbLMeBOW akTUBHOCTW HerpoHoB obnactu CA1 runnokamna
npu opMMPOBaHNM M U3BMIEYEHNN accoumaTMBHOM nNamaTn o6 obctaHoBKE B mMogenwu
ycuUneHusa naMmaTu npegobyyeHnem.

[na atoro mblwam 6bina npoBefeHa cTepeoTakcMyeckas onepauus no BBEAEHWIO
Kanbumesoro cnyopecueHTHoro ceHcopa NCaMP7 B obnacte CA1 runnokamna (Subach
O.M., et al., 2020). 3atem B uccnegyemyto obnactb 6bina BxueneHa GRIN-nuH3a gns
pernctpauum  KanbuMeBOW aKTUBHOCTM HEWPOHOB C  MOMOLLbIO  MWHUATIOPHOrO
hNyopecLeHTHOro MUKpockona (MuHMcKona), 3akpennéHHoro Ha ronose Mbiwn. Yepes
Hepgen nocre aToro Gbina NpoBedeHa npoueaypa nNpefobyvyeHus: Mblllen nomellany B
HOBYIO 06CTaHOBKY AN 3HAKOMCTBA C HeW B TeYeHne 5 MUH, B pesynbTaTe Yero y Mbilen
ObIno chopMMpoOBaHO NPOCTPAHCTBEHHOE NpeacTaBrieHne 06 obcTaHoBke. Yepes Tpu aHSA
MbILLIEN KpaTKOBPEMEHHO MoMellanu B Ty Xe OOCTaHOBKY WM HEeMeANeHHO HaHoCuMnu
anekTpokoxHoe pasgapaxeHve (OKP) B TeueHne 2 ¢ (1.5mA). Takum o6pasom
chopmmpoBaHHoe paHee npeacTaeneHne 06 obcTaHoBke ObINO accouMmpoBaHO C
COCTOSIHUEM CTpaxa >XMBOTHOro. TeCTUpPOBaHME acCOLMATMBHOWM NaMATU Mbl NPOBOAUIM
yepe3 Tpu OHs nocrne HaHeceHnst AKP: Mbllwen noMellanu B Ty e 00CTaHOBKY Ha 5 MUH.
Mepoin ccopMMpOBaHHOW accouMaTUBHOM MaMSATU Yy MbIIEN SIBMASNCS YPOBEHb WX
3amupaHus B obctaHoBke. KanbLmeBas akTMBHOCTb OTAENbHbIX HelpoHoB obnactn CA1
Oblna 3aperucTpupoBaHa npu NepBoM MoceLleHnn 06CTaHOBKN 1 NPU U3BMNEYEHUN NaMSATU.
MbI oueHuBann n3mMeHeHne ypoBHA HENPOHHOW aKTUBHOCTW KaXKAOW KMNeTKU B OTAENbHbIN
nepuop 3amunpaHusi XKMBOTHOTO.

Hamu 6bino nokaszaHo U3MeHeHue KanbLMeBOW akTUBHOCTM HelpoHoB obnactu CA1
rMNnokamna B MOMEHTbI 3aMUPaHUs XWBOTHOTO MPWU MEPBOM MOCELLEHUN OBCTaHOBKM, a
Takke Npu U3BneYeHnn chopMMpoOBaHHON accoumaTUBHOM NamsAaTn 06 obcTaHoBke. Takum
obpa3oM MOXHO MpeanonoXunTb, YTO HenpoHbl obnactn CA1 runnokamna cneumduyHo
BOBMEYEHbI B NpoLecchl OPMUPOBAHUSA U U3BNIEYEHUS] aCCOLMATUBHON NaMATy.

Paboma 6bina noddepxaHa MexdoucyunnuHapHol Hay4Ho-obpa3osamersibHoU
wkonot MIy um. M.B. JlomoHocosa «Mo32, koeHUMUBHbIE CUCMEMbI, UCKYCCMBEHHbIU
UHMesIekKm» U HEKOMMEPYECKUM (OHOOM no00epxKU Hayku U obpa3osaHus
«UHTEJINIEKT».
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CALCIUM ACTIVITY OF THE CA1 AREA NEURONS DURING CONTEXTUAL FEAR
MEMORY FORMATION AND RETRIEVAL
Rogozhnikova 0.S.'2*, lvashkina O.1.'2, Toropova K.A."2, Sotskov V.P."2, Plusnin V.V.2,
Anokhin K.V.1:23

' Laboratory of Neural Intelligence, Lomonosov Moscow State University, Moscow, Russia

2 Institute for Advanced Brain Studies, Lomonosov Moscow State University, Moscow,

Russia
3 P.K.Anokhin Institute of Normal Physiology, Moscow, Russia
*E-mail: osrogozhnikova@gmail.com

The memory formation of a new animal experience leads to activation of a distributed
network of neurons across the brain. Specifically, the neurons in the CA1 area of the
hippocampus activated during context memory formation (Santarelli A.J., et al., 2018). At
the same time, it remains unclear what changes occur in activity of neurons in the CA1
area during context memory formation. In our work, we investigated changes in the
calcium activity of neurons in the CA1 area during the contextual fear memory formation
and retrieval.

To study activity of CA1 area neurons, mice were injected with the calcium fluorescent
sensor NCaMP7 into CA1 area of the hippocampus (Subach O.M., et al., 2020). Next, we
have implanted a 1 mm diameter GRIN-lens to make calcium imaging with miniature
fluorescent microscopes (miniscopes). A week after that, mice were allowed for 5 min free
exploration of a new context. As a result, the mice formed a spatial representation of the
context. Three days later, mice were briefly placed in the same context and received
immediate footshock (1.5 mA, 2 s). Thus, the previously formed representation about
context was associated with the state of fear. We conducted contextual fear memory
testing three days after applying the immediate footshock. As a measure of the context
memory, we evaluated the freezing level of freezing. At the same time calcium activity of
individual neurons of the CA1 area was recorded in mice during the first visit to the context
and during memory retrieval. Therefore, we carried out an analysis of calcium activity
specifically during freezing behavior in memory formation and retrieval.

Our research demonstrated that the calcium activity of neurons in the CA1 area was
changed during freezing behavior at the first context exploration and during context
memory retrieval. Thus, it can be assumed that the neurons of the CA1 area of the
hippocampus are specifically involved in the processes of contextual fear memory
formation and retrieval.

Supported by the Interdisciplinary Scientific and Educational School of Moscow

University «Brain, Cognitive Systems, Artificial Intelligence» and by the Non-commercial
Foundation for Support of Science and Education “INTELLECT”.
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NMPUMEHEHUE ®NTYOPECLIEHTHbIX MATHUTHbIX HAHOYACTUL B KAYECTBE
ONTUYECKUX CEHCOPOB U UHCTPYMEHTA BO3OEACTBUSA HA KNETOYHYIO
CUrHANU3ALUIO
Camurynnun [1.B."2*, Cubratynnuua M.B', XKunsakoe H.B."!, CanbHukos B.B.",
MycradguHa A.P.3
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KasaHb, Poccus
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Tynonesa, Poccus
3 IHCTUTYT opraHmyeckon n duandeckon xummm um. A.E. Apbysosa UL, KasaHckuin
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B nocnepgHve rogbl marHWTHble HaHo4vacTuubl (MHY) siBnsitoTcst 0gHUM 13 NePCNneKTUBHbBIX
WHCTPYMEHTOB AMUCTaHUMOHHOIO HEWHBA3VBHOMO BO3AEWCTBUS HA KIETKM U KINETOYHYH
curHanusaumio. Hanuuue nyopecueHTHbIX MeTok B MHY nossonsieT npu nomoLm
OMTUYECKMX METOAOB KOHTpoNnMpoBaTtb nosefeHve MHY B kneTkax, a agpecHoe HanoxeHvie
MarHUTHOro Mons MO3BOMSET [O03VMPOBAHHO YNPaBnATb KNETOYHOW aKTMBHOCTLIO W Aaxe
BbI3blBaTb reHepauuio MOTEeHUManoB AEWCTBMS B OTAENbHbIX kneTkax. B HacTosiwem
1ccrnegoBaHN Mbl OLEHUMN BO3MOXHOCTb M3MEHEHMWST YPOBHS KarnbLms B KneTkax KynbTypbl
MOTOPHBbIX HEMPOHOB 3a CYET HamnoXeHWs rpagueHtTa MarHutHoro nons Ha MHY,
WHTEpHanu3oBaHHbIe B KneTkn. [na nokanbHon Manunynauum MHY  uvcnonb3osanu
anekTpoMarHuTHyto urny (W), koTopas no3BOnseT agpecHo BO34eNcTBoBaTb Ha
oTAenbHble KNeTku, 3arpyxeHHble MHY. B nccneposaHum ncnons3osanunce MHY SPION c
dnyopecueHTHbIM komnnekcom [Ru(dipy)3]2+. MHY 6binn cMHTE3MpOBaHbI B MHCTUTYTE
NO®X nm. Apby3oBa. MiccnegoBaHus NpoBOAUNY Ha NEPBUYHOM KyNbType MOTOHEPOHOB.
MoTOHENPOHbI, MHKYGUpoBaHHble ¢ MHY B Teuenne 24 u, 3arpyxanucb Ca®* kpacutenem
Fluo3 AM B TeueHne 30 muH. O noaBoaunu K Knetkam Ha pacctosiHue okonio 100 MkM ¢
nomoLlblo  MyKpoMaHunynsatopa. OueHuBanu OTHOCUTENbHYH  donyopecueHumio  (AF/Fo)
KanbLMeBOro Kkpacutens o u nocne BkmtoveHus OW. YBenuyeHue 3Hadenus AF/Fo Ha
37,57+7,42 (n=19) nocne BkrtoYeHns AU 4eTko ykasbiBaloT Ha yBENMYEHNE BHYTPUKIIETOYHOIO
ypoBHs Ca?* BO BpeMsi MarHUTHOM CTUMYMALMKM, KOTOPOe UMEeT TeHAEHLMIO BO3BpaLLaThes K
NCXOOHOMY YPOBHIO B TeYeHMe NSATHaguaT MUHYT NOCMe CHATUS MarHUTHOrO BO3AENCTBUS.
BaxHo otmeTutb, 4to 663 MHY MarHutHoe none He Bbi3blBaro U3MEHEHWI oryopecLEeHLMA
KanbuMeBOro KpacuTens B  MOTOHeMpoHax. MOXHO — 3akmiounTb, YTO  MOBbILLEHUE
BHYTPUKreTo4uHoro Ca?* sBnseTcst pesyribTaToM MPUIOKEHNss MarHUTHOTO MOMst B MPUCYTCTBUM
MHU4.

Takum 06pa3om, Mbl MoKas3anu, YTO MpU MOMOLLM JoKanbHOro Bo3gencteus Ha MHY,
WHTEPHaNM30BaHHbIE B MOTOHEMPOHbI, C MOMOLLb0 OW BO3MOXHO yBenuuMBaTb YpOBEHb
BHyTpUKreTouHoro Ca?* B oTAenbHbIX KreTkax, 3To B CBOK o4epeb, MOXET UCMOSb30BaThCs
Ons 3anycka pasnyyHbIX BHYTPUKNETOYHbIX CUrHasbHbIX LIENOYeK U NMO3BOMSET HENMHBA3VBHO
YNpaBnsATb KNETOYHOW aKTUBHOCTLIO.

UccnedosaHue ebinonHeHo 3a cyem 2paHma Poccutickoeo Hay4Ho20 gpoHOa Ne 22-25-
00731, https://rsct.ru/project/22-25-00731/.
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APPLICATION OF FLUORESCENT MAGNETIC NANOPARTICLES AS OPTICAL
SENSORS AND A TOOL TO AFFECT CELL SIGNALING
Samigullin D.V."2* Sibgatullina G.V.", Zhilyakov N.V.!, Salnikov V.V, Mustafina A.R.2
" Kazan Institute of Biochemistry and Biophysics, FRC Kazan Scientific Center, Russian
Academy of Sciences, Kazan, Russia
2Kazan National Research Technical University named after A.N. Tupolev—KAI, Kazan,
Russia
3Arbuzov Institute of Organic and Physical Chemistry, FRC Kazan Scientific Center,
Russian Academy of Sciences, Kazan, Russia
*E-mail: samid75@mail.ru

In recent years, magnetic nanoparticles (MNPs) are one of the promising tools for remote
noninvasive action on cells and cell signaling. The presence of fluorophore in the MNPs makes
it possible to monitor the behavior of the MNPs in cells using optical methods, and the targeted
application of a magnetic field allows dosed control of cell activity and even induce the
generation of action potentials in individual cells. In the present study, we evaluated the
possibility of altering calcium levels in motor neuron culture cells by applying a magnetic field
gradient to MNPs internalized in the cells. An electromagnetic needle (EN) was used for local
manipulation of MNPs, which allows targeting individual cells loaded with MNPs. SPION MNPs
with the fluorescent complex [Ru(dipy)3]2+ were used in the study. The MNPs were
synthesized at the Arbuzov Institute of Organic and Physical Chemistry. Studies were
performed on primary culture of motoneurons. Motoneurons incubated with MNPs for 24 hours
were loaded with Ca?* dye Fluo3 AM for 30 minutes. The EN was move to the cells at a
distance of about 100 ym using a micromanipulator. The relative fluorescence (AF/Fo) of the
calcium dye was assessed before and after switching on the EN. The AF/Fo increase of
37.57+7.42 (n=19) after EN activation clearly indicated an increase in intracellular Ca?* levels
during magnetic stimulation, which tended to return to baseline levels within fifteen minutes after
withdrawal of magnetic exposure. It is important to note that without MNPs, the magnetic field
did not cause changes in calcium dye fluorescence in motoneurons. We can conclude that the
increase in intracellular Ca?* is the result of magnetic field application in the presence of MNPs.

Thus, we have shown that it is possible to increase the level of intracellular Ca?* in individual
cells by local influence on MNPs internalized in motoneurons using EN. This, in turn, can be
used to trigger various intracellular signaling chains and allows noninvasive control of cellular
activity.

Supported by grant No. 22-25-00731 from the Russian Science Foundation,
https://rscf.ru/project/22-25-00731/.
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POJIb PACTBOPUMOW N'YAHUNAT-LUUKNA3bI B NPO-HOLIMLEENTUBHOM OEACTBUMN
OKCUOA A3OTA U MOHOOKCUOA YITMEPOOA
Csutko C.0."*, AHaHbeB A.C.", Koponésa K.C.!, Cutaukosa I".®."
" KazaHckuit (Mpusormkckuin) deageparnbHbin YHuBepcuteT MHCTUTYT dyHaameHTansHon MeauumHbl n
Buonoruu, kadeapa dpusmonorumn Yyenoseka u XmMBoTHbIX, KadaHb, Poccus
*E-mail: palmtree-web@yandex.ru

Okeunp asota (NO) n moHookeug yrnepopa (CO) npeactasnsioT cobon Hebonblune razoobpasHble
CUrHanbHble MOMEeKynbl, Yy4acTBylOLME B pasnuMyHbIX OuonorMyeckMx npoueccax, rge opHa u3
OCHOBHbIX MX (DYHKUMIA 3aKknoyaeTcst B perynsuum ToHyca cocyaoB. M3BECTHO, YTO HUTPOrMULEPUH,
noHop NO, ABnAeTCA TPUIrEPOM MUMPEHU U LLIMPOKO UCMONb3YTCA ANA MOAENMPOBaHUA MUTPEHW, Kak
y YenoBeka, TaKk U y XWBOTHbIX, YTO MpeanonaraeT yyactue KOMMOHEHTOB curHanbHoro kackaga NO B
natoreHese murpenHu. MimetoTtcst nutepatypHble AaHHble 1 06 yyactum CO B MexaHuM3Max natoreHesa
murpeHn. OgHako, HeripoHarnbHble MexaHn3Mbl ydacTuss NO n CO B pa3BUTUM MUTPEHU MPAKTUYECKN He
n3yyeHbl. CornacHo nutepaTypHbIM, AaHHBIM MexaHuambl aernctens CO n NO moryT 6biTb CBA3aHbI C
aKkTuBaumeln pactBopumon ryaHunatumknassel (pll). Linknuuenne Hykneotuabl, Takue kak pry, urMeé un
UAM®, yyacTBylOT B MOAYNALMM HOLMLIENTUBHOIO CUrHana 3a cyeT akTMBauumn NpoTenHKNHas, KoTopble,
B CBOK ouepedb, dochopunupytoT mMembpaHHble KaHanbl U peuentopbl. B cBs3n ¢ aTum, uenbto
AaHHOM paboTbl GbINO BbISBIEHWE PONN pacTBOPUMOW ryaHunat-umnknasel (plll) B npo-HoumuenTMBHoM
pencteum NO n CO B addpepeHTax TPOMHUYHOTO HEpBa KPbIChl. JKCMEPUMEHTbI MPOBOAUIUCL Ha
camuax (4-8 Hep.) kpbic nuHuUM Wistar. B paboTte vcnonb3oBanu 3neKTpotr3nonornyecknii MeTos
peructpauuv noteHumanos gevctaus (M) TPORHNYHOrO HEPBA, MHHEPBUPYIOLLETO TBEPAYI MO3roBYIO
o6onouky B npenapare nosyvepena Kpbichbl.

[Ina BbIABNEHUst ponu pacTBOpMMOW ryaHunaT-umnknasel B adhdektax NO ucnonb3oanv MHMMOMTOp
prL, ODQ B koHueHTpauun 10 MkM. NHkyGaumsa npenapata nonyyepena kpbickl B ODQ B TeueHue 20
MUWH He npuBoauna Kk uameHeHusim vactotbl M (n=4; p = 0.87). basosas yactoTta [ B TPOWHUYHOM
HepBe cocTtaBuna 187.5 + 86.2 INA 3a 5 muH n 1725 + 30.1 MO 3a 5 muH nocne 20 MUHYTHOM
nuky6auum B ODQ (10 mkM) (n=4; p = 0.87). Mocneaywouwee gobasnenne HIMH — HuTponpyccupa
HaTpusi, AoHopa NO B koHueHTpauumn 200 MkM, He BbI3biBano AOCTOBEPHOrO U3MeHeHUst YacToTsl M1 u
k 10 MMH annnukaummn YactoTa M coctasuna 145.2 + 47.3 N 3a 5 muH 1 k 15 muH 129.7 £ 50.8 N[ 3a
5 MuH (p = 0.62); 20 muH 127.1 £ 40.3 N[ 3a 5 muH (n=4; p = 0.12). Takum obpasom, Ham yganocb
npoAeMOHCTpupoBaTb, 4YTO WHrMbuposanue plll nytem wucnonb3oBaHus wHrMbutopa ODQ B
KOHUeHTpauum 10 MKM NpuBOAMT K CHUXXEHMWIO Npo-HouuLenTneHoro acdgpekta NO.

[ns BbIBNEHMS ponuM pacTBOPUMMOW ryaHunaT-uuknasel B adpdektax CO, B oTaenbHOW cepumn
3KCMepuUMEHTOB, Takke wucnonb3oBann ODQ B koHueHTpauum 10 MkM. WHkyBaums npenapata
nony4yepena kpbicbl B ODQ B TeyeHne 20 MWH He npuBoauna K uameHeHusim vactotel MO (n=4; p =
0.87). basoBas yactota [ B TporiHNYHOM HepBe cocTasuna 187.5 + 86.2 M 3a 5 muH 1 172.5 + 30.1
NA 3a 5 mMuH nocne 20 MUHYyTHOM uHKYGaumm B ODQ (10 mMkM) (n=4; p = 0.87). Mocneaywouee
pob6asneHne goHopa CO, CORM-2 (30 MkM) He BbI3biBano A4OCTOBEPHOrO MaMeHeHust Yactotbl MO n k
10 MuH annnukaumm yactota N[ coctaBuna 145.2 + 47.3 M4 3a 5 MuH 1 k 15 muH 129.7 £+ 50.8 N[ 3a
5 MmH (p = 0.62); 20 muH 1271 + 403 NO 3a 5 muu (n=4; p = 0.12). Ham ypanocb
NPOAEMOHCTPUPOBATL, YTO MCMONb3oBaHNe uHrmbutopa ODQ B KoHueHTpauun 10 MkM npuBOAMT K
CHDKEHMIO NpOo-HoumMLenTuBHoro achdekra CO.

MonyyeHHble HaMK AaHHble CBMOETENbCTBYIOT O BedyLlel ponu pacTBOPMMOW ryaHunaT-uuknasbl
B addpektax 3k3oreHHbix CO M NO B addepeHTax TPOMHUYHOTO HepBa KpbiCbl. AKTUBaUUS
ryaHunaTuuknasbl nNpuBoAWT K cuHTesy UIM® u aktmBaumm npoTeuHkMHasbl G, koTopas 4Yepes
npouecchbl pochopunMpoBaHNs MOXET BIIMSATb Ha aKTUBHOCTb MOHHbLIX KaHAamnoB, peLenTopoB, urpaet
BaXHyl0 ponb B romeoctase Ca2+. Kpome TOro, ctumynsumsi pacTBOPUMON ryaHunaTuuknasbl C
nomowbto VL-102 HenocpeacTBEHHO MOXET MOBbIWAThL 3Kcrpeccuto U BbicBoGoxaeHne CGRP u3
HENPOHOB TPOMHWYHOIO raHrmus. Y4yacTve ryaHunuuknassl B MPO-HOLMLENTUBHBLIX addekTax
noaTBeEPXAaeTCa Takke nccrnenoBaHusMu, B kotopbix ODQ okasbiBan aHTUHOLMLENTUBHbIE 3hdeEKTbI
nocrne WHTpaTeKanbHOM WHBLEKUMU B MOAENsX BOCManMTENbHOW W HeliponaTuyeckoi Gonu.
MonyyeHHble HaMK AaHHble BHOCAT BKNag B MOHWMaHWe HerlpoHanbHbIX MexaHuaMoB yyactus NO wn
CO B naToreHese MUrpeHW, YTO B AarnbHeWLemM MOXeT urpaTb ponb Ans pa3paboTku cneundunyeckmnx
NeKkapCcTBEHHbIX CPEeACTB, HAaNPaBMNEHHbIX HAa TePanuio MUTPEHN.

Paboma eblironHeHa rpu ¢huHaHcoeol noddepxke PH® Ne 21-75-00042.
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THE ROLE OF SOLUBLE GUANYLATE CYCLASE IN THE PRO-NOCICEPTIVE EFFECTS OF
NITRIC OXIDE AND CARBON MONOXIDE
Svitko S.0. '*, Ananiev A.S.", Koroleva K.S.", Sitdikova G.F."
"Kazan (Volga Region) Federal University, Institute of Fundamental Medicine and Biology (IFMaB),
Department of Human and Animal Physiology, Kazan, Russia
*E-mail: palmtree-web@yandex.ru

Nitric oxide (NO) and carbon monoxide (CO) are small gaseous signaling molecules involved
in various biological processes, where one of their main functions is to regulate vascular tone. It is
known that nitroglycerin, an NO donor, is a migraine trigger and is widely used to model migraine
in both humans and animals, suggesting the involvement of components of the NO signaling
cascade in the pathogenesis of migraine. There is also literature data on the involvement of CO in
the mechanisms of migraine pathogenesis. However, the neuronal mechanisms of NO and CO
involvement in the development of migraine are limitedly studied. According to the literature, the
mechanisms of CO and NO action may be related to the activation of soluble guanylate cyclase
(sGC). Cyclic nucleotides such as sGC, cGMP and cAMP are involved in the modulation of the
nociceptive signal through the activation of protein kinases, which, in turn, can phosphorylate
membrane channels and receptors. Therefore, the aim of this work was to reveal the role of
soluble guanylate cyclase (sGC) in the pro-nociceptive action of NO and CO in rat trigeminal
afferents.

Experiments were performed on male (4-8 weeks old) Wistar rats. We used the
electrophysiological method of recording action potentials (AP) of the trigeminal nerve innervating
the dura mater in a rat half-cranial preparation.

The sGC inhibitor ODQ at a concentration of 10 yM was used to reveal the role of soluble
guanylate cyclase in the effects of NO. Incubation of a rat half-cranial preparation in ODQ for 20
min resulted in no change in AP frequency (n=4; p=0.87). The baseline AP frequency in the
trigeminal nerve was 187.5 + 86.2 APs per 5 min and 172.5 + 30.1 APs per 5 min after 20 min
incubation in ODQ (10 uM) (n=4; p = 0.87). Subsequent addition of sodium nitroprusside (SNP), an
NO donor at a concentration of 200 uM, did not cause a significant change in AP frequency and by
10 min of application the AP frequency was 145.2 + 47.3 APs per 5 min and by 15 min 129.7 +
50.8 APs per 5 min (p = 0.62); by 20 min 127.1 + 40.3 APs per 5 min (n=4; p = 0.12). Thus, we
were able to demonstrate that inhibiting sGC by using an ODQ at a concentration of 10 pM leads
to a decrease in the pro-nociceptive effect of NO.

To reveal the role of soluble guanylate cyclase in the effects of CO, ODQ at a concentration of
10 uM was also used in a separate series of experiments. Incubation of a rat half-cranial
preparation in ODQ for 20 min did not result in changes in the AP frequency (n=4; p = 0.87). The
baseline AP frequency in the trigeminal nerve was 187.5 + 86.2 APs per 5 min and 172.5 + 30.1
APs per 5 min after 20 min incubation in ODQ (10 pM) (n=4; p = 0.87). Subsequent addition of the
CO donor, CORM-2 (30 pM) did not cause a significant change in AP frequency and by 10 min of
application the AP frequency was 145.2 + 47.3 APs per 5 min and by 15 min 129.7 + 50.8 APs per
5 min (p = 0.62); by 20 min 127.1 =+ 40.3 APs per 5 min (n=4; p = 0.12). We were able to
demonstrate that the use of an sGC inhibitor, ODQ at a concentration of 10 yM leads to a
decrease in the pro-nociceptive effect of CO.

Our data indicate a leading role of soluble guanylate cyclase in the effects of exogenous CO
and NO in rat trigeminal afferents. Activation of guanylate cyclase leads to the synthesis of cGMP
and activation of protein kinase G, which through phosphorylation processes can influence the
activity of ion channels, receptors, and plays an important role in Ca2+ homeostasis. In addition,
stimulation of soluble guanylate cyclase with VL-102 can directly increase the expression and
release of CGRP from trigeminal ganglion neurons. The involvement of guanyl cyclase in pro-
nociceptive effects is also supported by studies in which ODQ exerted antinociceptive effects after
intrathecal injection in models of inflammatory and neuropathic pain. Our findings contribute to the
understanding of the neuronal mechanisms of NO and CO involvement in the pathogenesis of
migraine, which may play a role for the development of specific drugs aimed at migraine therapy in
the future.

Supported by the Russian Science Foundation No. 21-75-00042.
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*E-mail: d.s.bilan@gmail.com, nnastasiia@gmail.com

Danio rerio - nonynsapHbin OOBEKT ANA UCCNEeLOBaHUS PasfnUyHbIX NapameTpoB in
Vivo N MOAenupoBaHusi MaTonoruii, B TOM YWCME COLMarnbHO 3HaYMMblX 3aboneBaHui
yenosBeka. [eHom 3ebpadul obnagaeT BLICOKOW CTEMEeHb0 FOMOSIONMU C FEHOMOM
YenoBeka, a NMPO3pPavyHOCTb TKaHENW Ha NUYMHOYHOW CTaaun SBMSIETCH NPeuMyLecTBOM
Ans  uccnepgoBaHUA  MeToAoM  (priyOpecUeHTHOW  MMKPOCKONWM € UCMOMb3oBaHMEM
hbrnyopecLeHTHbIX FeHeTUYeckn Koampyembix OuoceHcopoB. [lpu nomowmy CeHcopoB
SypHer3s (uHgmkatop pH), HyPer7 (uHgukatop H202) n Hypocrates (uHaukatop
rMnoranoreHHbIX KUCMOT) Mbl PErMCTPMPOBanu AMHAMWUKY BHYTPUKIETOYHbIX MapameTpoB
TKaHeln 3ebpadwul B YCNOBUAX T[UMNOKCUU-PEOKCUreHaUMm W Ha TUMWYHOW MOAENU
BOCMarneHus - amnyTauum XBOCTOBOIO NiaBHUKA.

Skcnpeccun OuoceHcopa B TKaHsAX 3ebpadwul goctvranu NyTéM  UHBEKLUK
pactBopa MPHK ceHcopa B >XENTOYHbI/ MELLUOK Ha CTaguu 3uroTbl, NMBO MnomnyveHvem
TPaHCreHHbIX NUHUA no cucteme Tol2-TpaHcno3oHa. Ha cragum 2dpf manbkoB
aHecTteanpoBanu MS-222, nomelwianu B ycnosus runokcum-peokcureHaumm (~0,1 n ~18%
0O2), cmogenupoBaHHble C WCMOMb30BaHWEM MPOTOYHOM yCTaHOBKW. AMnyTauuio
XBOCTOBOrO MriaBHMKa MPOBOAUIM  MWUKPOXUPYPrMYeckuM ckanbnenem. [py  3TOM
rnyopecLeHTHbIV curHan GuoceHcopoB hUKCMPOBanu B pexume peasibHOro BpeMeHu Ha
WHBEPTMPOBAHHOM (DIyOpPECLIEHTHOM MUKPOCKONE.

pH uuTonNnasmel KNETOK cepaua v rosloBHOrO Mo3ra 3a 14 rMMOKCUM 3aKUCNANCS Ha
0,6 en. CurHan HyPer7 B uuTOnnasme KneTok AaHHbIX obnacten cHwxancs Ha 10% ot
6a30BOro YpoBHS BO BPEMSI IMMOKCUW, YTO COOTBETCTBYET CHWKeHUo ypoBHa H20:. MNpu
3TOM B LUUTONNAa3Me CKeneTHOM MyckynaTypbl 3a TO xe Bpems pH cHusunca Ha 0,4 eq., a
curHan HyPer7 octaBancst cTabusnbHbIM, HO B OTBET Ha peoKkcureHaumio Habnoganu ero
pocT Ha 10%. CogepxaHue H2O2 B MaTpukce MUTOXOHAPWUIA B NEPUOA TMMNOKCUM BO BCEX
TPEX cny4vasix Bo3pactano. AMMNMTyda OTBETa CEHcopa B CEpAeYHOM TKaHM cocTaBuna
10%, a B ocTanbHbIx crydasx - 30%.

Ha wMogenu  amnyTauum  XBOCTOBOTO  MNaBHMKA  NPOAEMOHCTPUPOBAHO
npoHukHoBeHne H202, CUHTE3VpPYyeMOW MOBPEXOEHHbIMWU  KNeTkamu, B  MaTpuUKC
MuToxoHapwn: curHan HyPer7 Bospactan B 3 pa3a B TedeHne 10 MUHYT nocrne paHeHus.
Takke npu nomowm ceHcopa Hypocrates Mbl nokasanu OTCYTCTBME BO3OENCTBUS
TMNOXMOPUT-aHNOHA Ha MpMBIEKaemMble K paHe HeMTpodunbl, YTO NpeanonaraeT Hanuyue
Y 3TUX KNETOK 3alUmThbl OT NOBPEXAEHNS AaHHBLIM BELLECTBOM.
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Danio rerio is a popular object for studying various in vivo parameters and modeling
pathologies, including socially significant human diseases. The zebrafish genome has a
high degree of homology with the human genome, while the transparency of tissues at the
larval stage is of advantage for fluorescent microscopy using fluorescent genetically
encoded biosensors. We recorded the dynamics of intracellular tissue parameters of
zebrafish under hypoxia-reoxygenation conditions and in a typical inflammation model of
tail fin amputation using SypHer3s (pH indicator), HyPer7 (H20: indicator) and Hypocrates
(hypogalous acid indicator) sensors.

The expression of the biosensor in zebrafish tissues was achieved by injecting the
sensor mRNA solution into the yolk sac at the zygotic stage or by obtaining transgenic
lines via the Tol2-transposon system. At the 2dpf stage, larvae were anesthetized with
MS-222 and placed under hypoxia-reoxygenation conditions (~0.1 and ~18% 0O2) which
were modeled with a flow-through setup. Amputation of the caudal fin was performed with
a microsurgical scalpel. The fluorescent signal of the biosensors was recorded real-time
on an inverted fluorescent microscope.

The cytoplasmic pH of heart and brain cells was acidified by 0.6 units during 1h of
hypoxia. The HyPer7 signal in the cytoplasm of cells in these areas decreased by 10%
from its baseline level during hypoxia, which corresponds to a decrease in H20: level.
However, in the cytoplasm of skeletal muscle the pH decreased by 0.4 units during the
same time and the HyPer7 signal remained stable, but an increase of 10% was observed
in response to reoxygenation. The H202 content in the mitochondrial matrix increased
during hypoxia in all three cases. The amplitude of the sensor response in cardiac tissue
reached 10%, and in the other cases the increase was 30%.

In a model of caudal fin amputation, the permeation of H>O. synthesized by
damaged cells into the mitochondrial matrix was demonstrated: the HyPer7 signal
increased 3-fold within 10 minutes after the injury. We also showed no effect of
hypochlorite anion on neutrophils attracted to the wound using the Hypocrates sensor,
which suggests that these cells have a defense against being damaged by this substance.
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BNMUAHUE ONTONEHETUYECKOM TETAHU3ALUN HEAPOHOB HEOKOPTEKCA HA
XAPAKTEPUCTUKU UX 3PUTENbHbLIX OTBETA
CwmupHoB W.B.*, Ocunosa A.A., BopoauHosa A.A., CmupHoBa M.IM., Manbiwes A.1O.
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M3BecTHO, YTO xebboBckasi accoumaTMBHas NNacTUYHOCTb MOXET fexaTb B OCHOBE
OONTOBPEMEHHbIX  U3MEHEHWI  XapakTepUCTUK  3pUTENbHbIX  peuenTMBHbLIX  nonemn
€OVHUYHBIX HEMPOHOB BO B3POCMOM Mo3re. [pyrum BUAOM CUHANTUYECKOW NNacTUYHOCTU
SIBNSIETCA reTepocMHanTUyeckas NnacTUYHOCTb, KOTOpasl, COrfMacHoO psigy MCCnefoBaHWUM,
BbIMOJIHAET rOMEOCTaTUYECKYHO (DYHKLMIO U y4aCTBYET B HEKOTOPLIX BuAax obyyeHusi. Tem
He MeHee, yyacTue [aHHOro BuAa MMACTUYHOCTM B AMHAMMYeckon moaundukauum
peLenTUBHbIX MONen OCTaéTcs HeM3yyeHHbIM. B xope Hawen paboTbl Mbl MccrneaoBanu
posflb  reTepOCUHANTUYECKON MNMACTUYHOCTU B  MOAMMMKALMM  CEHCOPHBLIX OTBETOB
€OUHNYHBIX HEMPOHOB NEPBUYHON 3PUTENBHOM KOPbI MbILLIW.

OCHOBHbIM MPOTOKONMIOM WHAYKUMW FeTEePOCUMHANTUYECKON MMACTUYHOCTM B HaLUMX
3KCMEepUMEHTax  SBMSETCA  BHYTPUKNETOYHasi TeTaHu3auuMs  HelpoHa  naykamm
noTeHumanoB Aencteus. NockonbKy AoNroBpeMeHHas BHYTPUKIETOYHaA perncrpaums in
Vivo 3aTpygHuTEeNbHa W ABMSETCS WMHBA3WBHOW ONSA MCCMegyemMoro HempoHa, B Xode
Hawen paboTbl Mbl MPUMEHUNN OKCTPAKIETOYHYIO PErMCTPaLUmio aKTUBHOCTU HEMPOHOB U
UX OTMTOreHETUYECKYID CTUMYNSALMIO C MOMOLLbI OMNTUYECKOro BOSIOKHA, 3aBeOEeHHOro
BHYTPb PErMCTPUPYIOLLErO MUKPO3nekTpoaa. JaHHbI noaxon no3Bonsn HaMm AOCTaTOYHO
CENeKTMBHO  CTMMYNMpoBaTb  TONMBbKO  perucTpypyemble  HeMpoHbl.  [MockonbKy
KMHETUYECKNE XapakTepucTuku knaccundeckoro ChR2 He obecneunBatoT goctaTouHom ans
WHOYKUUW  reTepoCMHaNTMYEeCKOW MMacTUYHOCTM 4acTOTbl reHepauuu MNoTeHumanos
AencTBust B xode Hawen paboTbl Mbl MCMOMb30BANM ObICTPbIA CBETOYYBCTBUTENbHbIN
kaHan oChiEF. 'eH pgaHHoro Genka [OCTaBnsAncA B HEWPOHbl 2/3 crnos nepBUYHOW
3pUTENBHOW KOpbl Mbilwern NuHum C57B6 ¢ noMoLLblo aaeH0acCoLUMPOHaHHbIX BUPYCOB 2ro
cepotuna (pAAV-CamKIl-oChIEF-Venus). B xoge akcnepumeHTa Ha HapKOTU3MPOBAHHbIX
XMBOTHbIX B TedyeHun 30-40 MUHYT MpoM3BOAMNAach PErncTpaumsi 3puTenbHbIX OTBETOB,
nocrie 4ero mnpouM3BOAMNAcb OTMNTOrEHEeTUYEecKas TeTaHu3auus, Bbi3blBawowasi B
uccriegyemMmom HempoHe nadku noTeHuuanoB AencTBus ¢ YactoTtor ot 75 go 100 M, nocne
Yero Mbl NPOAOIHKANM PerMcTpMpoBaTh 3puUTeSNbHbIE OTBETbI UCCrneayeMbiX HEMPOHOB MO
KpanHen mepe B TeveHnn 40 MUHYT.

B xope aHanu3a gaHHbIX Mbl 0GHaPYXUnNn 4OCTOBEPHbIE U3MEHEHMS MOCTCTUMYIIbHbIX
rMcTorpaMM OTBETOB Ha 3pUTEMbHbIE CTUMYNbl NOCNe TETaHU3auMu MO CPaBHEHUIO C
KOHTporem. Takum o6pa3oM, Mbl MokKasanu, YTO, WUCMONb3ys HEeWHBA3WBHbIA METOA
perncTpauum u CTUMynsiuMM HEMpPOHOB U HEe MOLABMSAS CMOHTAHHYK aKTUBHOCTb, MyTEM
NPUMEHEHUss  BbICOKOYACTOTHOM TeTaHu3auum BO3MOXHO BbI3BaTb B CTPYKType
3pUTenbHbIX OTBETOB [ONTOBPEMEHHbIE M3MEHEHUsl, KOTopble pa3BUBAlOTCH, NO BCeM
BMAMMOCTHU, NO MEXaHN3MaM reTepoCcUHaNTUYECKOW NIacTUYHOCTH.

110



April 6-8, 2023 OPTOGENETICS+ 2023

OPTOGENETIC TETANIZATION OF NEOCORTEX NEURONS CAN CHANGE THE
CHARACTERISTICS OF THEIR VISUAL RESPONSE
Smirnov I.V. ¥, Osipova A.A., Borodinova A.A., Smirnova M.P., Malyshev A.Y.
Institute of Higher Nervous Activity and Neurophysiology of RAS, Moscow, Russia
*E-mail: ivan.vas.smirnov@gmail.com

It is known that Hebbian associative plasticity may underlie long-term changes in
the characteristics of the visual receptive fields of single neurons in the adult brain.
Another type of synaptic plasticity is heterosynaptic plasticity, which, according to a
number of studies, performs a homeostatic function and is involved in some types of
learning. However, the involvement of this type of plasticity in the dynamic modification of
receptive fields remains unexplored. In the course of our work, we investigated the role of
heterosynaptic plasticity in the modification of sensory responses of single neurons in the
mouse primary visual cortex.

The main protocol for the induction of heterosynaptic plasticity in our experiments is
the intracellular tetanization of a neuron by bursts of action potentials. Since long-term
intracellular recording in vivo is difficult and invasive for the recorded neuron in the course
of our work, we used the juxtracellular recording of neuronal activity and their optogenetic
stimulation using an optical fiber inserted inside the recording microelectrode. This
approach allowed us to selectively stimulate only registered neurons. Since the kinetic
characteristics of classical ChR2 do not provide sufficient for the induction of
heterosynaptic plasticity, the frequency of generation of action potentials, we used the fast
light-sensitive ion channel oChiEF. The gene of this protein was delivered to the neurons
of layer 2/3 of the primary visual cortex of C57B6 mice using adeno-associated viruses of
the 2nd serotype (pAAV-CamKII-oChlEF-Venus). During the experiment on anesthetized
animals, visual responses were recorded for 30-40 minutes, after which optogenetics
tetanization was performed, causing bursts of action potentials with a frequency of 75 to
100 Hz in the studied neuron, after which we continued to record visual responses of the
studied neurons at least within 40 minutes.

In the course of data analysis, we found significant changes in post-stimulus
histograms of responses to visual stimuli after tetanization compared with the control. Thus,
we have shown that, using a non-invasive method of recording and stimulating neurons
and not suppressing spontaneous activity, it is possible to induce long-term changes in the
structure of visual responses by using high-frequency tetanization, which develop,
apparently, through the mechanisms of heterosynaptic plasticity.
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AHAITN3 A®PEPEHTHbBIX BXOAOB K BA3ONIATEPAJIbHOMY AAPY MUHOAJIUHbI
KPbIC C UCMNOJIb3OBAHUEM PETPOIrPAOHOIO ADLEHOACCOLUUUPOBAHHOI'O
BUPYCHOIO BEKTOPA
CmupHoBa M.T1.

WHctutyT Beicwen HepsHon estensHoctn n Heripodmanonorun PAH, Mocksa, Poccus
*E-mail: rymarik@gmail.com

OpfHOM M3 KIYeBbIX CTPYKTYP, YYacTBYHOLWMX B perynauum TpeBorn W cTpaxa
sBnsieTca 6as3onatepanbHoe SApO0 MMHAAMMHBLL. [ns NOHWMMaHWS ponu MUHOANWHbLI B
perynsauuy noBeAeHUss BaXXHO 3HATb ee aHaTOMWYecKkue CBSA3W C APYrMMU CTPYKTypamwu
Mosra. HecmoTpsi Ha 6Gonblioe KonM4ecTBO paboT (B OCHOBHOM Ha Mbllax),
MOCBALLEHHbIX M3Y4EHWI0O aHaTOMUYECKUX CBA3EN MUHAANWHbI, NOHUMAaHWE apXUTEKTYpbI
3TUX CBSA3EW OCTAEeTCH HE MOMHbIM U HE CUCTEMATM3NPOBaHHbLIM, 6e3 AeTanbHOW KapTbl
adpdepeHTHbIX U 3ddepeHTHbIX MPOeKUMA Ha ypoBHe uenoro moasra. Kpome Toro,
nogaensioLwasi yactb paboT NpoBefeHa C UCMONb30BaHWEM TPaAULIMOHHBLIX XMMUYECKUX
TpencepoB, MMeKLWMX psia HedoCTaTKoB, KOTOpble MOryT MPMBOAUTL K OLUMOOYHOMN
WHTeprnpeTaumMn AaHHbIX. BmecTe ¢ TeM, npMMeHeHuMe ONTOreHeTU4eckoro metoda Ans
uccnegoBaHUS Ponv MUHOANUHbLL TpebyeT AeTanbHOM KapTWHbI CBSI3EW MWHOAMUHBI C
ApYrMMun CTPYKTypamu.

B HacTosilee Bpemsi AN MCCReaoBaHWs aHaTOMWUYECKMX CBA3EN CTPYKTYp Mo3ra
LUIMPOKO WCMOMb3YIOT HENPOHamnbHble BUPYCHble Tpewncepbl, KOTOpble UMEKT pag
NnpenMyLLecTB Nnepea XMMNYeCcknMmn Tpecepamun. B 4acTHOCTH, BUPYCHbIE BEKTOPbI UMEIOT
bornee BbICOKYIO  CNeUUUYHOCTL  HaMpPaBfIEHHOCTU  aKCOHANbHOrO  TPaHCMNopTa,
obecneunBaoT 6onee BbICOKMIA M CTabUNbHbLIA YPOBEHb 3KCpeccun hryopecueHTHOro
Genka, a TaKkke MMEKT MEeHbLUY LMTOTOKCUYHOCTL. Bonee wimpokoe pacnpocTpaHeHue
MONy4unyu BEKTOpbl HAa OCHOBE PEKOMOMHAHTHBIX afeHOACCOLMMPOBAHHBLIX BUPYCOB
(rAAVs). OgHuUM 13 Takmx BeKTopoB siensieTcs rAAV2-retro, KOTOpPbIV NO3BONSAET NONYy4YUTb
OOCTYN K MPOEKLUMOHHLIM HeWpoHam peTporpagHbiM crocobom u  xapaktepusyeTcs
BbICOKOW CEeeKTUBHOCTbIO peTporpagHoro TpaHcnopta [Tervo DG et al.,, 2016]. Kpome
TOro, AaHHbIA BEKTOp MO3BOMSET AenaTtb JoKanbHble WMHLEKUMM, MOofyyas npu 3TOM
BbICOKMI YpPOBEHb 3KCMPEecCuMn, 4TO 0CODO0 akTyanbHO ANs M3yYeHus CBsA3ew saep
MWHOAMMWHBI.

B HacTosiwen paboTte ¢ NOMOLLBIO yHUNaTepanbHOro BBeAeHns Bektopa rAAV2-retro,
B GasonatepanbHoe SAPO MUHAANWMHLI KpbIC, Obina yCcTaHOBMEHa nokanusaumsl KneTok,
paownx  addepeHTHble Mpoekunn K HelpoHam MUHZanuHbl. Hanbonee kpynHble
WCTOYHMKM uncunaTteparnbHbix addepeHTHbIX Npoekunii k 6aszonatepansHOn MUHAANMHE
obHapyxeHbl B sagpax Tanamyca (MapaBeHTPUKYMNSPHOM, LEHTPO-MeananbHOM,
PEeTUKYNISIPHOM, BEHTPasibHOM MocTeponarepanbHOM M MocTepoMeanansHOM), cKopryne,
Hapy>XHOM cermeHTe OnegHoro Lwapa, nartepasnibHOM YacTu YepHOW cybcTaHuuMn W
NMPUAOPMHON Kope. Kak uncu-, Tak U KoHTprateparbHble MpoeKuMn OoBHapyxeHbl 13
BEHTpOMeaMarnbHOro runotanamyca, orpagel, cybTanamuyeckoro sigpa, MeavanbHOW
npedpoHTanbHON, UHCYNSIPHOW, SHTOPUHANBHOW, NEPUPUHANBLHON U AHTOPUHANBHON KOPbI.
KneTku, pawowme npoekummn B KOHTpanaTepanbHoe nonylapue Haxoaatca B HebonbLiom
KonuyecTse B NepeaHen U BeHTpanbHON Yactu 6asonatepanbHOro sapa MUHAANMHGI.

MonyyeHHble AaHHble BaXHbl AN MOHUMaHWUSA PONU MUHOAMUHBLI B PErynsunm pasHbix
dopm noBedeHWs, a TawKke MOMOralT oOnpedenuTb MUWEeHW ANS  AanbHEenLwnx
nuccnegoBaHUi MEXaHM3MOB TPEBOXHOCTU U CTpaxa C MPUBIEYEHNEM ONTOrEeHEeTUYECKUX
meTodoB. B uccnegoBaHun 6binvM MCNONb30BaHbl BUPYCHbIE BEKTOPbI, CO34aHHble B
Janelia Research Campus, Howard Hughes Medical Institute, Ashburn, VA, USA.

Paboma noddepxarHa epaHmom PH® Ne 22-15-00327.
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RETROGRADE NEUROANATOMICAL LABELLING OF INPUTS TO THE RAT
BASOLATERAL AMYGDALA WITH ADENO-ASSOCIATED VIRUS VECTOR
Smirnova M.P.

Institute of Higher Nervous Activity and Neurophysiology of the Russian Academy of
Sciences, Moscow, Russia
*E-mail: rymarik@gmail.com

The amygdala, mainly the basolateral nucleus, is a key component in the regulation of
fear and anxiety. To fully understand how amygdala nuclei regulate anxiety and fear, it is
necessary to identify how amygdalar input-output neuronal circuits are organized.
Although the afferent and efferent projections of the amygdala have been previously
characterized in several rodent species, mainly in mice, a detailed whole-brain map of
inputs to the basolateral amygdala in rats is still lacking. Moreover, the vast majority of the
tracing studies have been done using conventional chemical tracers that have some
limitations resulting in misinterpretation of data. But detailed map of afferent and efferent
projections of the amygdala is necessary for optogenetic dissection of amygdala
functioning.

In recent years recombinant viral vectors have been widely adopted as alternatives to
conventional chemical tracers because of their directional specificity, high-level transgene
expression and low toxicity. Now recombinant adeno-associated viruses (rAAVs)
constitute some of the most widespread vectors in neuroscience research. It is particularly
noteworthy the recent development of a synthetic AAV capsid (rAAV2-retro) that drives
retrograde transduction with particularly high efficiency and selectivity (Tervo et al., 2016).
This vector is compatible with small injection volumes which is especially important when
investigating anatomical connections of small structures such as amygdalar nuclei.

In the present work rAAV2-retro carrying fluorescent protein was injected into the rat
basolateral amygdala unilaterally to reveal inputs to the amygdala from other brain regions.
It was shown that the amygdala receives massive ipsilateral projections from the thalamic
nuclei (paraventricular, central medial, reticular, ventral posterolateral and posteromedial),
putamen, globus pallidus, lateral part of substantia nigra and piriform cortex. The
projections from ventromedial hypothalamus, claustrum, subthalamic nucleus, medial
prefrontal, insular, entorhinal, perirhinal and entorhinal cortices are bilateral. Scarce
labelling was observed in basolateral amygdala in the contralateral hemisphere, mainly in
anterior and ventral part of the nucleus.

The results presented in this work describe the pattern of afferent projections to the
basolateral amygdala in rats that is important to understand functions of the amygdala.
Moreover, these findings provide information about new target for the future optogenetic
manipulations with neural circuits underlying fear and anxiety.

Viral vectors were provided by Janelia Research Campus, Howard Hughes Medical
Institute, Ashburn, VA, USA.

Supported by RSF Ne 22-15-00327.
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SHIPAMMA CJTOXHbIX CUTHANOB B MO3IE MbILlUX: PA3JIMYHBIE
HEMPOHAINbHbLIE CETU ANA KOMMMEKCHOIO YCNOBHOIO CTUMYIA U ElFO
MHOMBUAOYANbHbIX KOMMOHEHTOB
Toponosa K.A."2*, UeawkunHa O.U."2, PowmHa M.A.3, AHoxuH K.B.124
" IHCTUTYT NepcnekTUBHbIX UccnefoBaHuii moara MITY, Poccus, Mocksa
2 [TabopaTopusi HelipoHHOro uHTennekta, My, Poccus, Mocksa
SMHCTUTYT BbiCLLE HEPBHOW AEATENBHOCTU U Hevipodmanonormn PAH, Poccusi, Mockea
4 MHcTuTyT HopManbHoi dmanonorum um. M. K. AHoxunHa, Mockea, Poccus
*E-mail: xen.alexander@gmail.com

EctecTBeHHble cuTyauum o06yd4eHWsi OObIMHO BKIHOYAIOT KOMMMEKCHbIE CTUMYIbI,
COCTOSILLME U3 HECKONbKUX CEHCOPHbIX MOAAnbHOCTEN. JrnemMeHTHble Teopun obydyeHus
npegnonaratT, YTO KaXAbli KOMMNOHEHT KOMMIEKCHOrO CuUrHana KoaupyeTcs B MO3re U
accoummpyeTcs  C  MOAKPENfieHNWeM  He3aBUMCMMO  OT  APYIUX  KOMMOHEHTOB.
KoHdpurypanbHble e Teopuu npeckasbiBalT, 4YTO (OpMUpYyeTCs penpeseHTauums
MONHOrO KOMMJIEKCHOrO CwUrHana, KoTtopas 3aTtem MoxeT OblTb accouuvMpoBaHa C
nopkpenneHnemMm. Hamu 6bina paspaboTaHa mofernb YCNOBHO-PedNEKTOPHOro 3aMmpaHums
Ha KOMMNMEKCHbIN YCMOBHbIN CUrHam Wnu ero OoTAeNbHble CBEeTOBOWM W 3BYKOBOW
KOMMOHEHTbl Yy Mblwen. [aHHas mogenb 6bina ucnomnb3oBaHa, 4ToOblI NpPoBEPUTb
pacCcMOTpEHHbIE Bbille anbTepHaTUBHblE Teopun. Bo-nepBbix, HaMu Gbina uccnegosaHa
AVHaMuMKa namsTM O KOMMEKCHOM YCIIOBHOM CUrHane u ero KOMMoHeHTax. Mel
0BHapyXunu, 4To NamsATb O AaHHbIX KOMMOHEHTax CO3peBaeT B TEYEHME pasnuyHbiX
NPOMEXyTKOB BpeMeHu nocne obyyeHus. CxogHas Auccoumaums atux ¢opm namsatu
6blna obHapyxeHa B 9KCMepUMeHTax no yraleHuto. Bo-BTopbIx, Hamu 6bin npoBeaeH c-
FOs vUMWOXWMHT aKTMBHOCTM KMETOK B (PPOHTanbHOW, NPenMMOu4eckon, LUMHIYNSPHOWN,
peTpocnieHnansLHON, napmeTanbHON, NEPBUYHON M BTOPUYHOW 3pUTENbHBLIX, MEPBUYHON Y
BTOPUYHON CNyXOBbIX 06nacTsax HeokopTekca nocrne 06y4eHUss Ha MOMHbIN KOMMMEKCHbIN
CUrHan unu ero KOMMOHeHTbI. Bbino o6HapyXeHo, 4TO 06yYeHne Ha KOMMINEKCHbIV CUrHarn
W AUCKPETHble CUrHamnbl BbI3bIBAOT Pas3fuyHble NaTTepHbl akTMBauuuW HeokopTekca —
npenumbuyeckas u poHTanbHas accoumaTvBHas 06nacTu KOpbl aKTMBMPOBANMUCL Mpu
00y4eHUN Ha KOMMIEKCHbIN, HO He Ha AUCKPETHble curHanbl. B-TpeTbux, Mbl nokasanwu,
YTO TONMbKO W3BMEYEHVME NaMsATM O MOMHOM KOMMJSIEKCHOM CUrHame, HO He O ero
KOMMOHEHTax, akTMBMPOBano nNpennuMounyeckyio, napueTtanbHylo, NEPBUYHYIO 3PUTENbHYIO
obnactu HeokopTekca, a Takke MeauonaTepanbHyl o6nactb BTOPUYHOW 3pUTErNbHOM
Kopbl. B-4eTBepTbIX, HAMK ObIN NPoOBeAEH in Vivo ABYX(OTOHHBI UMUOXUHT Bbi3blBAHHOW
peakTuBauueln namsitTu akcnpeccun c-Fos B napueTtanbHOW KOPe TPaHCTEHHbIX MbILIEN
nuHun fos-EGFP. Mbl 0GHapyXunu, 4TO CyLLeCTBYIOT MO KpawHen Mepe Tpu nonynsumm
HENPOHOB C PasfnMYHOW CMeUMUYHOCTBIO OTBETOB Ha KOMMIEKCHbIA CUrHam WU ero
KOMMOHEHTLI. Takum obpa3om, Halun AaHHble CBUAETENbCTBYIOT O TOM, YTO KOMMMEKCHbIe
CUrHambl MOryT MMETb KaK WHTerpasnbHble, Tak W 3feMeHTHble penpeseHTauun. 3Tu
penpeseHTaumMmM MOryT WCMOMb30BaTbCs B MOBEAEHWM HE3aBUCMMO, a TakkKe WMeTb
PasnNMYHy0 AMHaMUKY B JOMTOBPEMEHHON NaMSATH.

lModdepxaHo epaHmom PH® Ne 23-78-00010.
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ENGRAM FOR THE COMPLEX WORLD SIGNALS IN THE MOUSE BRAIN:
DIFFERENT NEURONAL CIRCUITS FOR COMPOUND CONDITIONING STIMULUS
AND ITS INDIVIDUAL COMPONENTS
Toropova K.A."2*, lvashkina O.1."2 , Roshchina M.A.3, Anokhin K.V."2#

" Institute for advanced brain studies MSU, Moscow, Russia
2 Laboratory of Neuronal Intelligence, MSU, Moscow, Russia
3 Institute of Higher Nervous Activity and Neurophysiology of RAS, Moscow, Russia
4Anokhin Institute of Normal Physiology, Moscow, Russia
*E-mail: xen.alexander@gmail.com

Natural learning generally involves complex stimuli consisting of several sensory
modalities. Elemental learning theories suggest that each component of compound signal
is encoded and associated separately. Configural theories predict that representation of
the entire complex signal is formed and is associated with the second event. We
developed a mouse model of fear conditioning to a compound tone-light cue or its
separate components and used it to test these alternative theories. First, we studied the
dynamics of memories for compound cue and its separate components and found that
they mature over different time after conditioning. The same dissociation of these
memories was observed in the extinction experiments. Second, we performed c-Fos
imaging of cellular activity in frontal, prelimbic, cingular, retrosplenial, parietal, primary and
secondary visual, primary and secondary auditory cortices after conditioning to the entire
compound cue or to its components. We found that compound-cue and single-cue
conditioning produced distinct patterns of cortical activation - prelimbic and frontal
associative cortices were activated by conditioning to compound cue but not to single cues.
Third, we showed that only retrieval of memory by the entire compound cue but not by
single cues activated prelimbic, parietal, primary visual and mediolateral secondary visual
cortices. Fourth, we performed in vivo two-photon imaging of retrieval-induced c-Fos
expression in the parietal cortex of fos-EGFP transgenic mice and found that there are at
least three neuronal populations with different response specificity to the compound signal
and its components. Taken together, our data suggests that complex signals can establish
both integral and elemental neuronal representations, these representations can be used
separately in behavior and can have different dynamics in the long-term memory.

Supported by RSF 23-78-00010.
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®OTOCTUMYNALUUU NAPBANIbBYMUHOBbLIX UHTEPHEMPOHOB KAK METO[,
KOHTPONSA SANMUNENTU®OPMHOWN AKTUBHOCTU
Tpodumosa A.M.*, MocTHukosa T.10., MpockypuHa E.FO., 3anues A.B.
MHCTuTYT 3BONIOLUMOHHON cbuanonorum n Guoxmmun um. .M. CeveHosa PAH,
CaHkT-lMeTepbypr, Poccus
*E-mail: alina.trofimova1132@mail.ru

HuakoyacToTHasa anekTpuyeckas CTUMyNSUMa Mo3ra MChornb3yeTcs AN nogaBneHuns
CYAOPOXHON aKTUBHOCTM Yy nogen C anunencuen. HM3KoyacToTHas CTUMyNsauus
onpefeneHHblX TWUMOB KMNETOK, Hanpumep, ONTOreHeTUYyeckas akTMBauus TOPMO3HbIX
napBanbbyMMHoBbIX (PV) MHTEPHENPOHOB, MOXET pacCMaTpUBATLCS Kak MNEepPCNeKTUBHbIN
MeToA fneyvyeHus pe3ncTeHTHbIX dopMm anunencun. B gaHHow paboTe Mbl MccregoBanu
BNMSHME OoTOCTUMYNAUMN PV-MHTEPHENPOHOB Ha 3nunenTUgOpPMHY0 akTMBHOCTb B
rMNMNoKammne v S3HTOPMHANbLHOM KOpe MO3ra MbiLLK.

Pa6ota Obina BbINOMHEHA Ha 4-MeCsAYHbIX Mblwax B6.129P2-Pvalbimi(cre)Arbr
(JacksonLab), akcnpeccupytowmx Cre-pekombuHady B PV-uHTepHelpoHax. Meiwam no
cTepeoTakcmyeckum koopguHatam (AP: -4 mm, ML: 3,5 mm, DV: -3,5 mm) BBOAMNHM
a[eHoacCoUMNPOBaHHbLIN  BUPYCHBLIA  KOHCTPYKT  (AAV9-EF1a-DIO-hChR2(H134R)-
mCherry), Hecywmin reH kaHanopogoncuHa 2-ro tuna (ChR2), B none CA1 runnokamna Ha
rpaHuLe C SHTOPUHAmNbHOW KOpOW. AKCMepuMeHTbl NpoBoaunu 4depe3d 4-5 Hedenb Ha
nepexmnsaroLLmx cpesax rOfIOBHOIO moasra. AkTnBaumio NHTEPHENPOHOB,
akcnpeccupytowmx ChR2, nposogunuM cBeTOM C AnMUHHOW BOnHbl 470 HM C
MCMONb30BaHWEM ra3epHOro AMOA-BOMOKOHHOMO WMCTOYHMKa cBeTa. JnunenTudOopMHYIo
aKTMBHOCTb BbI3blBanM B Cpes3e annnuvkauven npo3anunenTuyeckoro pactsopa C 4-
amuHonupuanHom (100 mkM). Pernctpaumio noneBbIX NOTEHLMAnos Npou3Boannm B none
CA1 runnokamna W/Mnu 3HTOPUHaNbHOM KOpe B 3aBUMCUMMOCTM OT Jlokanusauum
akcnpeccun ChR2.

Mbl  onpefenunu  ONTUMAarnbHYO 4acToTy W ANUTENbHOCTb  (POTOCTUMYINSILNK,
BO34ENCTBYIOLLYIO HA MKTanbHY0 aKTUBHOCTb B rMMANOKaMmne v 3HTOpUHanbHOM Kope Mo3ra
mbiwen. B none CA1 runnokamna dotocTumynsaumus ¢ yactoton 1 'y 1 ANUTENBbHOCTLIO
CBETOBOW BCMbILWKN HE MeHee 15 MC Bbi3biBana perynsipHyto MHTEPUKTanbHYO akTUBHOCTb.
OTa  UWHAOyUMpOBaHHasi  WMHTEpWKTanbHasl  aKTMBHOCTb  MOMHOCTbIO  NogaBnsna
BO3HUKHOBEHME WKTalnbHbIX pa3psgoB B cpe3e Mosra. B aHTopuHanbHOM  Kope
onTumanbHasi yactota oToCTUMYNAUMM PV-UHTEPHENPOHOB, 3adarolias pPUTMUYECKYHD
WHTEPUKTamnbHYl0 aKTMBHOCTb, paBHaAnacb 0,33 Iu; npy 9TOM HOTOCTUMYNAUMS C
6onee BbICOKOW YacToTol (0T 1 'y u Bbile) He BRUSiNa Ha NPOTEKAHUE 3NUNENTUYECKON
aKTUBHOCTU B Cpese.

Hu3kovactoTHaa doTtoctumynaumsa PV-uHTEepHEWpOHOB MpuBOOUT K nepexony
UKTanbHOW  aKTMBHOCTM B UWHTEPUKTanbHyt. Mcnonb3oBaHWe  HU3KOYaACTOTHOWM
ONTOreHeTUYeckon CTUMynauum PV-MHTEpHEeNpOHOB MpeacTaBnseTcs MepcnekTUBHLIM
noaxodoM B KOHTPOIE ¥ NoAaBeHny CyaOPOXHOW aKTUBHOCTMY.

Paboma noddepxaHa epaHmom PH® Ne23-25-00427.
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PHOTOSTIMULATION OF PARVALBUMIN INTERNEURONS AS A METHOD TO
CONTROL EPILEPTIFORM ACTIVITY
Trofimova A.M.*, Postnikova T.Y., Proskurina E.Y., Zaitsev A.V.
The Sechenov Institute of Evolutionary Physiology and Biochemistry RAS, Saint
Petersburg, Russia
*E-mail: alina.trofimova1132@mail.ru

Low-frequency electrical stimulation of the brain is used to suppress seizure activity in
people with epilepsy. Low-frequency stimulation of certain cell types, such as optogenetic
activation of inhibitory parvalbumin (PV) interneurons, can be considered as a promising
method for the treatment of resistant forms of epilepsy. In this study, we investigated the
effects of PV interneuron photostimulation on epileptiform activity in the mouse
hippocampus and entorhinal cortex.

The work was performed on 4-month-old B6.129P2-Pvalbtm1(cre)Arbr/J (JacksonLab)
mice expressing Cre recombinase in PV interneurons. Adeno-associated viral construct
(AAV9-EF1a-DIO-hChR2(H134R)-mCherry) carrying the canalorhodopsin type 2 gene
(ChR2) was injected into the CA1 field of the hippocampus at the border with the
entorhinal cortex by stereotactic coordinates (AP: -4 mm, ML: 3.5 mm, DV: -3.5 mm).
Experiments were performed after 4-5 weeks on surviving brain slices. Activation of
interneurons expressing ChR2 was performed with 470 nm wavelength light using a laser
diode-fiber light source. Epileptiform activity was induced in the slice by application of pro-
epileptic solution with 4-aminopyridine (100 uM). Field potentials were recorded in the CA1
field of the hippocampus and/or entorhinal cortex, depending on the localization of ChR2
expression.

We determined the optimal frequency and duration of photostimulation affecting ictal
activity in mouse hippocampus and entorhinal cortex. In the CA1 field of the hippocampus,
photostimulation with a frequency of 1 Hz and a light flash duration of at least 15 ms
induced regular interictal activity. This induced interictal activity completely suppressed the
occurrence of ictal discharges in the brain slice. In the entorhinal cortex, the optimal
photostimulation frequency of PV interneurons, which set the rhythmic interictal activity,
was 0.33 Hz, while photostimulation with higher frequency (1 Hz and higher) had no effect
on the course of epileptic activity in the slice.

Low-frequency photostimulation of PV interneurons leads to a transition from ictal to
interictal activity. The use of low-frequency optogenetic stimulation of PV-interneurons
seems to be a promising approach to control and suppression of seizure activity.

This work was supported by grant RSF Ne23-25-00427.

117



April 6-8, 2023 OPTOGENETICS+ 2023

CBSA3b KANbLIMEBOW AKTUBHOCTU B ACTPOLIUTAX TMMMOKAMIMA C
MNOBEAEHUEM MbILLEN
depotosa A.A."2*, Tarnuk A.B."2, Conotenkos M.A.3, degotos N.B.34, Bpaxe A.P."2,
depotos A.B.34, XKentukos A.M.345 CembsiHoB A.B."2
" MIHCTUTYT BroopraHuyeckon xumun PAH, oTaen mMonekynspHon Heripo6ronoruu, Mocksa,
Poccus
2 MOCKOBCKMIA rOCYA@apCTBEHHbIN YHUBEPCUTET, Brosiorndeckuin akynbteT, Mockea,
Poccus
3 MOCKOBCKMIA rOCYAapCTBEHHbIN YHUBEPCUTET, omandeckuin akynbteT, Mocksa, Poccus
4 Poccuiickuii kBaHTOBBIN LieHTp, CkonkoBo, MockoBckas o6nactb, Poccus
5 Texacckuit yuusepcuteT A&M, dhakynbTeT dpuankm n actpoHomum, Konnemk-CreniueH,
Texac, CLLA
*E-mail: fedotova.brain@gmail.com

MHorouncneHHble paboTbl CBA3LIBAOT ACTPOLMTAPHYO KamnbLMEBYH aKTUBHOCTb C
pasnnMYHbIMKU COCTOSIHUMSAMM Mo3ra (CoH, 6oapcTeBoBaHve u T.4.). OgHako mnccnegoBaHus
aKTMBHOCTM KanbLmMs B acTpouuTax B rlmyboKnx CTPYKTypax mMo3ra y CBOGOAHO NMOABWMKHBIX
JKMBOTHBIX MPaKTUYECKM OTCYTCTBYIOT. YTOGbl MccrnegoBaTb CBSi3b  acTPOLMTapHOM
KanbumeBon akTmBHOCTM B obnactu CA1 runnokamna co cneundunyeckum noBeaeHUeM
MbILLEN, Mbl UCMONb30Bany MeTon POTOMETPUYECKOW PErMcTpaLmm curHana reHeTu4ecku
Kogupyemoro mHaukatopa kanbumsa GCaMP6f, akcnpeccMpoBaHHOro B acTpouuTax noj
cneuunduyeckum npoMoTopoM. KanmbumeBasi BM3yanusaums U perucrpaums noseneHusi
MbILLE NPOBOAUIUCE OAHOBPEeMeHHO. Mbl nccrnegoBanu acTpouMTapHyo KanbLMeBYo
aKTUBHOCTb B rMMNoKamMmne Mbilen, NnepemMeLatoLLMxcs B OTKPbITOM MOSE 1 BbIMOSHALLINX
TecTbl Ha coUManbHOCTb W coumanbHyld HOBM3HY. Jlokomouusi Gbinma cBsidaHa C
yBENUYEHMEM KamnbLIMEBOro CUrHamna B actpouutax runnokamna. B Tecte Ha counanbHyo
HOBU3HY Habntoganoch MOBbLILEHWE YPOBHS KanbUusi, HE Koppenupytolee ¢ 6erom, 4to
yKasbiBaeT Ha BOBIIEYEHWE acTpoUMTOB B coumanbHoe noBedeHue. Kpome Toro, Mmbl
0BHapYXWNM CUHXPOHM3ALMIO KanbLMEBOrO CUrHama Mexay nonylwapusiMu, Y4To MOXeT
yKa3biBaTb Ha CUCTEMHYIO aKTMBaLMIO acTPOLMTOB NOA AEWCTBMEM HEMPOMOAYNSATOPHbIX
npoekunn (Hanpumep, HopagpeHepruyeckux us locus coeruleus). Takum obpas3om, Mbl
3aKMyaeM, 4YTO, Kak U B Cry4yae HEWPOHHOW aKTUBHOCTU, W3MEHEHUsI KanbLMEBOW
aKTMBHOCTM B acTpouuTax sIBMSIOTCS CneundUyHbIMU A5 pa3nuyHbIX TUMNOB NOBeAeHNs
XMBOTHBbIX.

Paboma ebinonHeHa npu noddepxke Pocculickoeo Hay4yHo20 ¢hoHOa (epaHm 22-14-
00033).
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CALCIUM ACTIVITY IN HIPPOCAMPAL ASTROCYTES IS LINKED TO SPECIFIC
MOUSE BEHAVIOR
Fedotova A.A."2, Tiaglik A.B."2, Solotenkov M.A .3, Fedotov |.V.3#, Brazhe A.R."2,
Fedotov A.B.3#, Zheltikov A.M.345 Semyanov A.V."?2
" Institute of Bioorganic Chemistry RAS, Department of Molecular Neurobiology, Moscow,
Russia
2 Moscow State University, Faculty of Biology, Moscow, Russia
3 Moscow State University, Physics Department, Moscow, Russia

4 Russian Quantum Center, Skolkovo, Moscow Region, Russia

5 Texas A&M University, Department of Physics and Astronomy, College Station, TX, USA

*E-mail: fedotova.brain@gmail.com

Numerous reports link astrocytic calcium dynamics to a range of brain states (sleep,
wakefulness, brain perfusion etc.). However, studies of calcium activity in astrocytes in
deep brain structures in freely moving animals are limited. To link astrocytic calcium
activity in stereotaxically targeted CA1 area of the hippocampus to specific behaviors, we
used fiber photometry of GCaMP6f expressed in astrocytes. Calcium imaging and mouse
behavior tracking were performed simultaneously. We examined astrocytic calcium activity
of mice navigating in an open field and performing sociability and social novelty tests.
Locomotion was associated with an increased calcium signal with a distinct spatial pattern.
In the social novelty test, we also detected calcium elevations uncorrelated with running,
indicating the involvement of astrocytes in social behavior. Besides, we found
synchronization of the calcium signal between hemispheres, which may indicate systemic
activation of astrocytes by neuromodulatory projections (e.g., noradrenergic). Thus, we
conclude that similar to neuronal firing, changes in astrocytic calcium activity are specific
to animal behavior.

Supported by the Russian Science Foundation (grant 22-14-00033).
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OKCUOA3A D-AMUHOKUCIIOT R. GRACILIS KAK XEMOIEHETUYECKWUNA
WMHCTPYMEHT ONnd rEHEPALUU NEPOKCUOA BOOOPOAA B NrEMATOLUTAX
LoxuHa A.I.123* Crapoay6osa B.[1.!, lTaHuH A.A.* 5, YeboTtapes A. C.45,
MapTeiHoB M.H.4 5, NNeasiesa B.C.", Mowwexko A.A.2, degoTos A.B.* %, Benoycos B.B.?
"HUW TpaHcnauuoHHoi meamumnHsel PHUMY um. H.W. Muporoea, Mockea, Poccus
2 depeparbHbI LEHTP Mo3ra 1 HelipoTexHonormin ®MBA Poccun, Mocksa, Poccus
3 UHcTuTyT BuoopraHnyeckoit xummm um. M.M. LLemsiknHa n K0.A. OBunHHIKOBa PAH,
Mocksa, Poccus
4duanveckuin pakynbtetT MIY um. M.B. JlomoHocoBa, Mocksa, Poccus
5 Poccuitckuii KeaHToBelit LieHTp, Ckonkoso, Poccus
*E-mail: a.g.shokhina@yandex.ru

OKUCRUTENbHBIN ~ CTpecCc  NpeacTaBnsieT  coboW  KOMMMEKCHoe  sIBMEeHue,
COMpoBOXJalollee naToreHe3 pasfnuuHblX 3aboneBaHW MeyeHu. YyacTue aKTUBHBIX
dopm kucnopoga (APK) nokasaHo B xofe passButus pmbposa NeyYeHOYHOW TKaHWu, Mmpu
(hOpMMpPOBaHMM HEAsIKOrONbHOW XXUPOBOW B0Ne3HW 4aHHOro opraHa, renaTouensonspHOn
KapumHombl 1 apyrux. OgHako NPUYMHHO-CREACTBEHHbIE CBSA3W MeXAdy MOBbILLEHHbLIM
cogepxaHnem A®K B kneTkax neyeHn U pa3BUTMEM NATONOINMYECKOro npouecca no Tomy
WM MHOMY NyTW B HacTOAWMA MOMEHT [OCTOBEPHO He ycTaHoBMeHbl. [Jo HedaBHero
BPEMEHN He CyLIeCTBOBaNO WHCTPYMEHTOB, KOTOpble MNo3BOoNuiM Obl  OLEHUTb
WHAMBUAYanbHbIN BKNaA OTAEMbHLIX OKUCAMTENEW, B TOM Yuche, nepokcuaa BoAopoaa, B
naToreHe3 3aboneBaHWi, AN KOTOPbIX NOKa3aHa CBA3b C OKUCIUTENbHBIM CTPeccoM. Mbl
NCMONb30Bann XeMoreHeTUYecKkyto CUCTEMY Ha ocHoBe okcuAaasbl D-amuHokmcnoTt (DAAO),
4YTOObl KOHTPONMMPYEMO TeHepMpoBaTb MNEpPOKCWMA BOAOpOAa B renaroumTax MbllLen,
nonyvawowmx [-ammHokMcnoTel. BMecTe ¢ reHeTudeckn kogampyembiM ryopecLeHTHbIM
nHavkatopom HyPer7, 4yBCTBUTENbHBIM K Mepokcupy Bopopopa, nodobHas cuctema
npeacrtaenset cobon yaoOHbIN MHCTPYMEHT Ans u3dydenuns ponu H2O2 B natoreHese
3aboneBaHun NeYeHw.

Ons tapretHon goctaekun kOHK DAAO-HyPer7 B renatounTtbl Mbilel MCnonb3oBanm
YacTuubl afeHoacCoLMMPOBaHHbBIX BUPYCOB cepoTuna 8, coaepallime WHTepecyroLwmii
TpaHcreH nop KOHTporem renatocneunduyeckoro npomotopa TBG. Ha nepsuyHoi
KyNbType MbIWNHBbIX FenaTouuTOB, BbIAENEHHOW U3 JKMBOTHbIX, WHBELMPOBAHHBLIX
OaHHbIMU BMPYCHbIMU YacTuuamm, 6bIno 3aperncTpmpoBaHo n3MeHeHve
dnyopecueHTHoro curHana HyPer7 nocne BHeceHnusi B cpepy cy6ctpatoB DAAO — D-
HopBanvHa u D-anaHuHa, YTo cBMAETENbCTBYET O (PYHKLMOHanbLHON akTuBHocTn DAAO B
pamMkax u3yvyaemown cuctembl. [lpy aTOM BHeceHue L-anaHmHa oTknuka HyPer7 He
BbI3blBano. Ytobbl BU3yanmanpoBaTtb paboTy XeMOoreHeTU4eCcKon CMcTemsl in vivo, camuam
MbILLUEA MMNNAHTMpOBanu abgomuHaribHOE OKHO, MpeAcTaBnsiollee cobow TUTaHOBOE
KONbLO C 3aKpensieHHbIM NOKPOBHbIM CTEKMOM Ha MoBepxXHOCTW. CTUMYNSAUMS reHepaumm
nepokcMga Bogopoda nyTem BHYTpMOploWMHHOrO BBedeHuss cybetpatoB DAAO
npuBoamna K u3MeHeHusM dprnyopecueHTHoOro curHana HyPer7 B pexunme peanbHOro
BpeMeHW.  XpOHMYecKoe  MEepOoKCUA-UHOYUMPOBAHHOE  BOCMAalieHWe,  Bbl3BaHHOE
pobaeneHnem 150 MM D-anaHuHa B NUTLEBYIO BOAY XXMBOTHBLIX HA NPOTSHXKEHUM 4 Heaenb,
NPUBOAMNIIO K BO3HWKHOBEHMIO MPU3HAKOB rpaHynemMaTos3Horo renaturta n pmubposa neveHu
Ha rMCTONOrMYECKOM YPOBHE.
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R. GRACILIS D-AMINO ACID OXIDASE AS A CHEMOGENETIC TOOL FOR
HYDROGEN PEROXIDE GENERATION IN HEPATOCYTES

Shokhina A.G."23* Starodubova V.D.", Lanin A.A.* 5, Chebotarev A.S.4 3,
Martynov G.N.*5, Ledyaeva V.S.!, Moschenko A.A.2, Fedotov A.B.* 5, Belousov V.V.2

"Pirogov Russian National Research Medical University, Moscow, Russia
2Federal Center of Brain Research and Neurotechnologies, Federal Medical Biological

Agency, Moscow, Russia
3 Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry, Russian Academy of Science,
Moscow, Russia
4 Faculty of Physics, Lomonosov Moscow State University, Moscow, Russia
5Russian quantum center, Skolkovo, Russia
*E-mail: a.g.shokhina@yandex.ru

Oxidative stress is a complex phenomenon accompanying the pathogenesis of various
liver diseases. Reactive oxygen species (ROS) contribution is shown during development
of liver tissue fibrosis, non-alcoholic fatty liver disease, hepatocellular carcinoma and
others. However, cause-and-effect relations between increased ROS content in liver cells
and development of pathological process have not been reliably established up to date.
Until recently, there were no tools to assess the individual contribution of individual
oxidants, including hydrogen peroxide, to the pathogenesis of diseases for which an
association with oxidative stress has been shown. We used a D-amino acid oxidase
(DAAO)-based chemogenetic system to controllably generate hydrogen peroxide in
hepatocytes of D-amino acid receiving mice. Together with the genetically encoded
hydrogen peroxide-sensitive fluorescent indicator HyPer7, such a system represents a
convenient tool to study the role of H20: in the pathogenesis of liver disease.

For DAAO-HyPer7 cDNA target delivery into mouse hepatocytes adeno-associated
viruses (serotype 8) containing the transgene of interest under the control of the
hepatospecific TBG promoter were used. On a primary culture of murine hepatocytes,
isolated from animals injected with these viral particles, a change in the fluorescent signal
of HyPer7 was registered after addition of D-norvaline and D-alanine to the medium,
indicating the functional activity of DAAO under study. Also, the addition of L-alanine did
not induce a HyPer7 response. To visualize the operation of the chemogenetic system in
vivo, abdominal windows, which are titanium rings with a coverslip fixed to the surface,
were implanted into male mice. Stimulation of hydrogen peroxide generation by
intraperitoneal injection of DAAO substrates led to real-time changes in the fluorescent
signal of HyPer7. Chronic peroxide-induced inflammation induced by the addition of 150
mM D-alanine to the drinking water for 4 weeks resulted in evidence of granulomatous
hepatitis and liver fibrosis at the histological level.
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ONMTOrEHETUYECKMA Noaxoa K MOAENUPOBAHUIO U KOPPEKLIMM OBLLIUX
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CnuHouepebennsapHas arakcus 1 TMna (CLUAT) - Heunsneymmoe
HemnpogereHepaTBHOe 3ab0neBaHune, BbLICOKO pacrnpocTpaHeHHOe B AKYTCKOW MOMNynsumm
(Ocakosckun B.J1. ¢ coaBT., 2004). CLIA1 BbI3biBaeTCA AUHaMUYECKOW MyTaumen B reHe
ATXN1, kogupylollem 6enok atakcuH 1, KOTOpbIA BbIMOMHSAET (QYHKLMIO KOaKTMBaTopa
hakTopa TpaHckpunuum RoRa v yyacTByeT B TpaHCKpUMNUMKU psifa BaxHbIX reHoB. Cpeau
HUX reHbl, koaupyowme benku umntockeneTa (Calbindin), TpaHcnopTépoB BO3OYXAaOLLMX
amuHokuncnot (EAAT) un metabotponHbix peuentopoB (mGIuR) (Serra H.G., et al., 2006).
OpHako CXOXeCTb NMaToreHeTUYeCcKUxX MexaHusmoB ¢ apyrumu CLA cTaBuT nog COMHeHne
MOHOTE€HHbIN MEXaHW3M HapyLleHWs cuHTesa U PyHKUuM AaHHbIX 6enkos. Knaccuyeckum
obWmMmM 3BEHOM MaToreHesa MPEACTaBseTCA pPas3BUTME PEeaKTMBHOMO acTpornnosa u
9KCaWTOTOKCUYHOCTM C nocnegytwowen rmbenbio  HeWpoHoB. Mbl co3ganum  mogenb
Hecneuudunyeckoro actpornmosa nocpeactsom BeegeHus AVV GFAP-ChR2-mKate B
KOpy MO3Xeyka C nocrieaylollerl XpoHUYeckon 4-gHeBHOW hoTocTumynaumnen. 3Toro
NpUBOAMWIIO K Pa3BUTUIO acTpornMosa C ycuneHuem curHana aHtu-GFAP u paclumpeHmem
oTtpocTkoB rmnun beprmana (MB) ¢ 1.6£0.1 um go 1.8+0.1 pm (n=389 oOT 3 XXMBOTHbIX B
rpynne, p = 0,003). B Mo3xeykax 3TUX MbIen GbiNo OBHapPYXEHO CHWXEHWe nnowaaun
curHana npu okpacke Ha EAAT1 ¢ 65.2+11.4% po 22.145.4%. KonnyectBo KneTok
MypkuHbe (KIM), BbIIBNEHHOE nNpu OKpacke cpe3oB WX Mapképom aHTu-Calbindin,
ymeHbLnnock ¢ 4.2+0.2 go 3.2+0.2 Ha 100 pm gnuHbl cros KM (n=20 n 32 oT 3 )XMBOTHbIX
B rpynne, p = 0.011). MNo nmeloLMMCA Ha AaHHbLI MOMEHT AaHHbIM (MO 2 3anuUcK B Kaxaon
rpynne) Habnoganock HapyweHnve mGIUR nytn nepegaun curHanos B KI, B yacTHoCTH,
fonrospemMeHHon cuHantudeckon pgenpeccun (LTD). OtHocutenbHas amnnutyga [1B
BIMCT cnycta 30 muH nocne uHaykummn LTD yBenunumnacb ¢ 63.5+6.2% po 88.3+4.4%.
[MonyyeHHble Hamu HapyweHus noBTopsloT TakoBble B CLIA1 mogensx u  moryT
CBMAETEeNbCTBOBAaTb O  BbIP@XEHHOM  HEraTMBHOM  BAMSIHUM  acTpornuosa U
3KCaAWTOTOKCMYHOCTU NpU HelpoaereHepaTUBHOM npolecce. CxoXecTb NaToreHeTUYEeCKmX
NnpoLEeccoB MOXET MoMoYb pa3paboTaTb TepaneBTuyeckMe nopxoabl k nedvenunto CLA1,
Takne Kak yMeHbLUeHNe 3KCaNTOTOKCUYHOCTU, Hanpumep ¢ nomollbio 6rnokatopos NMDA
peLenTopoB.

lMpu noddepxke epaHma PH® Ne 23-25-00047.
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Spinocerebellar ataxia type 1 (SCA1) is an incurable neurodegenerative disease that
is highly prevalent in the Yakut population (Osakovsky V.L., et al., 2004). SCA1 is caused
by a dynamic mutation in the ATXN1 gene encoding the ataxin 1 protein. This protein is
involved in the transcription of a number of important genes, that encode proteins of the
cytoskeleton (Calbindin), excitatory amino acid transporters (EAAT), and metabotropic
receptors (mGIuR) (Serra H.G., et al., 2006). However, the similarity of pathogenetic
mechanisms with other SCAs shows that the monogenic mechanism of impaired synthesis
and function of these proteins is not dominant. The common pathogenic abnormality is the
development of reactive astrogliosis and excitotoxicity, followed by neuronal death. We
created a model of nonspecific astrogliosis by introducing the AVV GFAP-ChR2-mKate
into the cerebellar cortex followed by chronic 4-day photostimulation. This led to the
development of astrogliosis with an increase in the anti-GFAP signal and thickness of the
Bergman glia (GB) processes from 1.6+£0.1 ym to 1.840.1 ym (n=389 from 3 animals in
each group, p = 0.003). In the cerebellums of these mice, the area of anti-EAAT1 signal
decreased from 65.2+11.4% to 22.1+5.4%. The number of Purkinje cells (PC), detected by
anti-Calbindin staining, decreased from 4.2+0.2 to 3.2+0.2 per 100 ym of the PC layer
length (n=20 and 32 from 3 animals in each group, p = 0.011). According to the currently
available data (2 records in each group), there was a disturbance of the mGIuR signaling
pathway in the PCs, that manage the long-term synaptic depression (LTD). The relative
amplitude of PF EPSC increased 30 min after LTD induction from 63.5+6.2% to 88.3+4.4%.

The disturbances that we observed in the optogenetic model repeat those in SCA1
models and may indicate to prominent negative effect of astrogliosis and excitotoxicity in
the neurodegenerative process. The similarity of pathogenetic mechanisms may further
help to develop therapeutic approaches to SCA1 treatment, such as reducing excitotoxicity,
for example, using NMDA receptor blockers.

Supported by a grant from the Russian Science Foundation Ne 23-25-00047.
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B paHHOW paboTe wuccnepoBanocb BnvsiHME nepokcupga Bogjopopa (H202) Ha
LeNoCTHOCTb remaTtoaHuedanuyeckoro 6apbepa (MAB) ¢ npumeHeHneM in vitro mogenu.
Mogenb cocTtouT U3 3HAOTENMOUMTOB NHUKM bENd.3, pacTywmx Ha BepxHen CTOpPOHe
nopucTo mMembpaHbl KynbTypanbHon BcTaBku “Transwell”’, acTpouutoB, pacTylmx Ha
HWXXHEW CTOpoHe MeMBpaHbl, 1 HEMPOHOB, PaCcTYLMX Ha AHEe KynbTypanbHOW NyHku. [ng
BHYTpUKNeTouyHon reHepaumm H202 ucnonb3oBanacb XeMoreHeTuyeckas cucTema,
npeactaensaowas cobon okcvmpgady D-amumHokmcnot (DAAO), kotopas okucnsetr D-
aMUHOKUCNoTbl ¢ obpasoBaHvem H20.. Ons pgetekumn H2O2 ncnonb3oBanu reHeTu4ecku
Koampyembln riyopecueHTHbIn ceHcop HyPer7. B kayecTBe reHeTUYeCKMX BEKTOPOB
ncrnonb3oBanM ageHoaccounmpoBaHHble BUpycbl cepoTuna Dj, Hecywume reH DAAO B
ofHoOM pamke cuuTbiBaHusa ¢ HyPer7 wnn RFP noa sHooTenvanbHbiM npomoTtopoMm Flt1
unu nopd actpouuTapHeiM npomotopom GfaABC1D. WHaykuma obpasoBaHus H202
ocywecTnanace nytem gobasnexHuns 5 MM D-ananunHa. [nsa oueHkn 6apbepHbIX CBONCTB
MoZenu 3Mepsinu NpoHnLaeMocTb Ans kpacutens Lucifer yellow.

Mpu reHepaumn H202 B actpouutax koadMULMEHT nNpoHWLaeMocTu Yepes 24 Y
coctaBun 11.6+1.1 MkM/MUH, a 4depe3 48 4 — 10.2+1.1 MKM/MWH, 4YTO Oonblie Mo
cpaBHeHuto ¢ ucxogHelM (8.5+1.8 MkM/MUH) Ha 36% u 20%. Mpu reHepaummn H202 B
aHOoTennouuTax kKoaddruneHT NnpoHuuaemocTn Yepes 24 4 coctaBun 10.1+1.2 MKM/MWUH,
a yvepes 48 4 — 10.2+1.6 MKM/MWH, 4TO BOnbLUE NO CPaBHEHUIO € UcxoaHbIM Ha 18% 1 20%.
Takum o6pa3om, reHepauuss H2O2 B a3HgoTenuMouuTax M B acTpouutax Bena kK
3HAYUTENBbHOMY YBENNYEHMIO NpoHMLaemocTm MIb.

Tawkke Oblna wuccrnegoBaHa reHepaunss H2O2. B OTBeT Ha BellecTBa, KOTopble
yBenuuuBarT npoHuuaemoctb A6 in vivo - IL17A, VEGF, rnytamat. [lobaBneHue Bcex
3TMX  BelWecTB K 3HgoTenuouuTam, akcrnpeccupytowmm  HyPer7,  Bbi3biBano
bNyOpeCLEeHTHbIM OTBET, YTO cBuaeTenbcTByeT o reHepaumm H2O2. IL17A (100 Hr/mn)
BbI3biBan oTBET Yepe3 20 MUH nocne fobaBneHns, B TO BpeMsi kak 3dekT oT rnytamata
(5 mM) n VEGF (100 Hr/mn) nosiBnsincst B TedeHne MUHyTbI. PasHbIi xapakTep reHepaumm
H202 MoXeT oTpaxkaTb 0COBEHHOCTU PEAOKC-CUrHaNMHra ¢ y4acTueMm 3TUX BELLECTB.

Takum obpasom, H2O2 BnusieT Ha yHKUMOHMpoBaHWe OB, 1 pefoKCc-CUrHamnmuHr ¢ ee
y4acTueM MOXET CRY>XUTb MULLEHLIO ANS MOAYNSAUUK ero 6apbepHbIX CBONCTB.
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Shuvalova M.L."2, Nosov G.A.", Belousov V.V.?
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Russian National Research Medical University, Moscow, Russia
2 Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry, Russian Academy of Sciences,
Moscow, Russia
3 Federal Center of Brain Research and Neurotechnologies of the Federal Medical and
Biological Agency, Moscow, Russia
*E-mail: margarita22zelenslaya@gmail.com

In this work, the effect of hydrogen peroxide (H202) on the integrity of the blood-brain
barrier (BBB) was studied using an in vifro model. The model consists of bEnd.3
endotheliocytes growing on the upper side of the porous membrane of the culture insert
“Transwell”, astrocytes growing on the lower side of the membrane, and neurons growing
at the bottom of the culture well. For intracellular generation of H.O., a chemogenetic
system was used, which is a D-amino acid oxidase (DAAOQ), which oxidizes D-amino acids
to form H202. A genetically encoded fluorescent sensor HyPer7 was used to detect H20-.
Adeno-associated viruses (Dj serotype) carrying the DAAO gene in the same transcription
frame with HyPer7 or RFP under the endothelial promoter FIt1 or under the astrocytic
promoter GfaABC1D were used as genetic vectors. The induction of H202 generation was
carried out by adding 5 mM D-alanine. To evaluate the barrier properties of the model, the
permeability for the Lucifer yellow dye was measured.

When generating H202 in astrocytes, the permeability coefficient after 24 hours was
11.6+£1.1 mkm/min, and after 48 hours - 10.2+1.1 mkm/min, which is 36% and 20% more
than the initial (8.5+1.8 mkm/min). When generating H202 in endotheliocytes, the
permeability coefficient after 24 hours was 10.1+1.2 microns/min, and after 48 hours -
10.2+ 1.6 mkm/min, which is 18% and 20% more than the initial one. Thus, the generation
of H20:2 in endotheliocytes and astrocytes led to a significant increase in BBB permeability.

The generation of H20:2 in response to substances that increase the permeability of
the BBB in vivo - IL17A, VEGF, glutamate - was also investigated. The addition of all these
substances to endotheliocytes expressing HyPer 7 caused a fluorescent response,
indicating the generation of H2O2. IL17A (100 ng/ml) caused a response 20 minutes after
addition, while the effect of glutamate (5 mM) and VEGF (100 ng/ml) appeared within a
minute. The different nature of H.O> generation may reflect the features of redox signaling
involving these substances.

Thus, H>O; affects the functioning of the BBB, and redox signaling with its participation
can serve as a target for modulating its barrier properties.
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