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AHHOTALMA

[MNepnpoayKUMA aKkTMBHBIX (OPM KUCNOPOZA M OKUCTIMTENIbHOE MOBPEHOEHWE KIETOK COMPOBOMOAKT 6OMbLUMHCTBO
naTtonorui ronosHoro Mosra [1, 2]. B HacTodAwlee BpeMs NpefnonaraeTcs, YTO QUCPErynALMA OKUCTIMTENIbHO-BOCCTAHO-
BUTENbHOMO FOME0CTa3a B CTAPEILLEM MO3re JIEXUT B OCHOBE HapyLUEHWA CMHAMTUYECKOM nepefayun W MNacTUYHOCTM,
YTO NPUBOAMT K CHUMKEHUIO BbIYUCIUTENBHOM CMOCOBHOCTM HEMPOHOB W, Kak cnefcTaue, K Aeduunty 0byyeHns 1 namaTu.
OpHaKo M3yyeHWe BKMagda OKMCIUTENBHOrO CTpecca B pasBWTHe 3ab0NneBaHMIA MO3ra, TakUX KaKk BO3pacTHas AeMeHLMs
v bonesHb AnbLrenMepa, 3aTpyAHEHO M3-3a OTCYTCTBMA NOAXOAO0B K MOAENMPOBAHUIO M30/IMPOBAHHOMO OKMUCIIUTENIbHOO
MOBPEXAEHUA OTHENbHBIX TUNOB KNeTok [3]. B Hawwel paboTte Mbl MPUMEHUAM XEMOreHETUYECKMIA MHCTPYMEHT Ha 0CHOBE
oKcupaasbl D-aMuHokMcnoT u3 apoxken (DAAQ) ona reHepaumm BHYTPUHENPOHANBHOM Nepekmck Bogopoaa [4]. OnAa Ba-
NMaaumMm 3Toro noaxoa Mbl BHauane noatsepannm resepaumio H,0, B HerpoHax, B kotopble goctasnin DAAQ ¢ nomolwbio
afleHoaccoLMMPOBaHHbIX BUPYCHbIX BEKTOPOB, Ha NEPBUYHOM KIETOMHOM Ky/bType SMOPMOHANbHOrO MO3ra 1 Ha Nepeu-
BalOLLMX CPe3ax rofoBHOr0 MO3ra MblLLeV C MOMOLLbIO FeHETUYECKM KoaupyeMoro ¢nyopecueHTHoro buoceHcopa HyPer7
[5]. MiaMeHeHuA ero dnyopecueHumu npu gobasneHun D-HopBanuHa, sBnAtoweroca cyberpatoM gna DAAQ, nokasanm
XeMOreHeTUYeCKN WHAYLMpOBaHHyto npoaykumio H,0, B LieneBbix HeipoHax. 3aTeM € NOMOLLbI0 METOAO0B 3/1eKTPOGU3n0-
JIOTMM Mbl MOKa3aiu Ha YPOBHE OTAENbHBIX KNETOK, UTO XEMOreHETUYECKM BbI3BaHHbIA OKUCIIUTENbHBINA CTPECC He MeHAET
ba3anbHylo CMHaNTUYeCKylo Nepedady ¥ BEpPOATHOCTb BbICBOOOMKOEHWA HEMPOTPAHCMUTTEPA U3 MPECUHANTUYECKMUX OKOH-
YaHWI, O[HAKO CHUMKAET AONTOBPeMeHHYIo noTeHumauwmio (JB).

TaK KaKk acTpouuTbl MOryT MeTaboNM3MpoBaTh A-aMUHOKMCIOTEI, fenas HeaGdeKTUBHLIM NpeanaraeMbli NOAXoA B in Vivo
3KCNepUMeHTax, HaM bbino HeobXoaMMO NPOBEPUTL AAHHBIA MHCTPYMEHT B XKMBOM OpraHuaMe. [InA Toro 4ytobbl Banuam-
poBaTb 3TOT XEMOreHETUYECKUIA WHCTPYMEHT in Vivo, Mbl c0Bpanu ONMTUYecKylo cucTeMy AnA BO3OYKOEHWA W OeTeKuun
curHana buoceHcopa HyPer7 yepe3 onTuyecKkoe BOOKHO, MMMIaHTUPOBAHHOE B IOJIOBHOM MO3T MbiwM. [lonyyeHHble faH-
Hble NoATBepM*AaloT reHepaumio H,0, B HelpoHax nocne BHyTpUbpIoLLMHHOrO BBeAeHWA D-HopBanuHa, 4To N03BONAET HaM
MCNONb30BaTh 3TOT UHCTPYMEHT AAA in Vivo UccnefoBaHWi. TakuM 06pa3oM, HallM pesynbTaThl MOKa3blBaloT, YTO XeMo-
FEHETUYECKUI MHCTPYMEHT Ha ocHoe DAAQ B coueTaHWM C 3NEKTPOPU3MONOTMUECKUMM 3aMUCAMU MOMKET BbITb UCTONb-
30BaH [J1A BbIACHEHWA PAAA HepeLleHHbIX BOMPOCOB, Kacaowmxca pomv ADOK-3aBUCMMON cUrHanv3auum B HOpMasnbHOM
(YHKLUMOHMPOBaHMM MO3ra U BKNaZa OKUCIIUTENbHOrO CTPecca B MaToreHe3 KOrHUTMBHOMO CTApPeHWA W PaHHWX CTagun
HerpogereHepaumu. MNpegnaraeMbiii nogxon noneseH AnA MOEHTUGUKALMU paHHUX MapKEPOB OKUCTIMTENIBHOMO CTPecca
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ABSTRACT

Overproduction of reactive oxygen species (ROS) and oxidative cell damage are commonly associated with most brain
pathologies [1, 2]. Dysregulation of redox homeostasis in the aging brain is thought to be responsible for impaired synaptic
transmission and plasticity, leading to reduced neuronal computational capacity and learning and memory deficits. Studying
the contribution of oxidative stress to the development of diseases, such as age-related dementia and Alzheimer’s disease,
is complex due to the lack of methods for modeling isolated oxidative damage in individual cell types [3]. We introduce
a chemogenetic approach utilizing D-amino acid oxidase (DAAQ) from yeast to produce hydrogen peroxide intraneuronally,
which is one of the most stable ROS [4]. H,0, generation was evaluated in primary cultured neurons and acute mouse
brain slices through the utilization of a genetically encoded fluorescent biosensor, HyPer7, to validate the methodology [5].
The changes in the fluorescence signal of HyPer7 after treating neurons that expressed DAAQO with D-Norvaline (D-Nva),
a substrate for DAAO, confirmed the targeted production of H,0, through chemogenetics. Using electrophysiological
recordings in acute brain slices, we demonstrated that intraneuronal oxidative stress induced by chemogenetics did not
affect basal synaptic transmission and the probability of neurotransmitter release from presynaptic terminals. However, it
diminished long-term potentiation (LTP) at the single-cell level.

Astrocytes have the ability to metabolize d-amino acids, rendering the proposed approach ineffective in vivo experiments.
Consequently, in vivo testing of the tool was necessary for validation. To achieve this, an optical setup for exciting and
detecting the HyPer7 signal was developed and implanted into the mouse brain via optical fibers. By using this approach, we
were able to demonstrate the generation of H,0, in DAAO-expressing neurons in vivo, upon intraperitoneal administration
of D-amino acids. The results demonstrate that using a DAAO-based chemogenetic tool, along with electrophysiological
recordings, clarifies numerous unanswered queries regarding the part of ROS-dependent signaling in typical brain activities
and the impact of oxidative stress on the development of cognitive aging and preliminary neurodegenerative stages.
The suggested method is valuable for detecting initial indicators of neuronal oxidative stress. Additionally, it can be used for
evaluating probable antioxidants that can effectively combat neuronal oxidative harm.

Keywords: oxidative stress; synaptic plasticity; brain aging; neurodegeneration; long-term potentiation; hydrogen peroxide;
D-amino acid oxidase.
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