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«BPEMEHHble OKHa» ANA nepexkno4YeHua KMHa3Ho- Updascs,

¢ocharasHoro 6anaHca Bo BpeMA yrHeTeHUA
A0/Ir0BpeMeHHOM NOTeHLMaL MK rMnnoKaMnanbHbIX
CUHaNcoB aMMNOMAHbIMMU arperaTtamu

A.B. Manbues*, .M. banabaH

VHCTWTYT BbICLLEN HEPBHOW AeATENbHOM W Helipoguanonorum Poccuitckon akapeMum Hayk, Mockea, Poccuiickan Oepepauma

AHHOTALMA

(OocdopvnupoBaHme TapreTHbIX 6EIKOB, OCYLLECTBNAEMOE MPOTEUHKMHA3aMU, TaK e, Kak U 0bpaTHbI eMy mpolecc fe-
docdopunmpoBanus, onocpesyeMblii dochatazamu, ABNAIOTCA BaXKHEULLMMM MeXaHU3MaMU PerynaLmMM BCEX KNETOUHbIX
(GYHKUMI B XKMBbIX KNeTKax. Mi3MeHeHWs KnHasHo-pocdaTtasHoro 6anaHca (K-O banaHc) Bo BpeMa Nporpeccum aMmnonao-
30B XOpOLUO U3BECTHO. B pelicTBUTENBHOCTY, rNeppochOopuMpoBaHne CTPYKTYPHOrO Tay-6enka, 0TBETCTBEHHOE 3a op-
MUpOBaHue ¢pMOPUNNAPHBIX KNYBOUKOB MO CYyTU NPeLCTaBAAET COOOM rMNepakTUBALMIO KaKUX-NMB0 NPOTEUHKUHA3 U/unu
CHUKEHHYI0 aKTMBHOCTb Kakmx-nnbo pocdaras. HakonneHHHbIe K HacToALLeMY BpeMeHM AaHHble MOKa3blBalT ABYHaNpaBs-
NEHHyI0 perynAaumio npoueccos pochopunmpoBaua/nedocopunmpoBaHa Bo BpeMA PasBUTUA aMUNON03-CBA3AHHbIX
COCTOAHMI Y Pa3HbIX MOAENEN HUBOTHbIX B Pa3HbIX UCCNeA0BaTeNbCKMX NpoToKonax. Mo3ToMy Ype3BblyaliHo BaKHOM 3a-
Aadei NpeaCcTaBNAeTCA MOEHTUOMKALMA «BPEMEHHBIX OKOH», B KOTOPbIX K-O 6anaHc MoeT nepexnioyaThbes.

Monesble nocTcuHanTUyeckue noteHumans (GrCM) 6binm 3anucaHbl ot stratum radiatum B8 CA1 nose runnokamna ¢ ucnosnb-
30BaHMEM CTEKNAHHBIX MUKPO3NeKTpoaoB (1-2 M(), 3anonHeHHbIX PerucTpUpyIoLLMM pacTBopoM. basanbHble cUHaNTUYeCKWe
OTBETHI BbI3bIBaNINCh NapHOW cTUMynALMeit ¢ 50 Mc MHTepBanoM Konnatepanei LWadepa 6unonspHbIM 3NEKTPOLOM Ha YacToTe
0,033 Iy, MHTEHCMBHOCTbL TECTOBOM CTUMYNALMM Bbina Takoit, 4tobbl BbisbiBaTh GICI amnnuTymoi 50% oT MakcMManbHoM,
1 COXpaHANAaCch Ha NPOTAKEHUM Kaxkporo skcnepumenTa. [1BI1 BeisbiBanock YetbipoMa 100 My naukamu Yepes Kaxable 5 Mu-
HYT (TeTaHWyecKan cTumMynauma). CepuH/TpeoHnHoBanA ¢ocdatasHas aKTUBHOCTb Oblfla M3MepeHa C NOMOLLbI0 HEPaaMOoaKTMB-
HOro MHAMBMIYyanbHOro KoMnnekTa (Promega, CLLIA) B COOTBETCTBUM C MHCTPYKLMAMM NpOKU3BOAMTENA. MeToauKa ocHoBaHa
Ha (OpMMPOBaHMM OKPALLEHHO0 KOMMeKca GpochaToB ¢ MONMOAEHCOAEPHKALLMM KpacUTENEM, C Noc/esylolLeM U3MEpPEHNEM
ONTUYECKOM MNIOTHOCTU UHKYOUPOBaHHbIX CynepHaTaHTOB NPOTUB KOHTPONA Ha 640 HM. MpAMoe M3MepeHWe aKTUBHOCTM MPo-
TenHkuHa3sbl C (MKC) 6bi1o npoBejeHo MMMYHOGEPMEHTHBIM aHaNM30M Ha MIaHLIETHOM pyepe C MOMOLLbI0 KOMMEPYECKOro
Habopa (Abcam, CLLIA). MeToauKa ocHoBaHa Ha CBA3bIBaHUM PEKOMOMHAHTHBIX aHTUTEN C akTuBMpoBaHHoi [KC 1 naMepeHnn
OMTUYECKOM MNOTHOCTU MHKYOMPOBaHHbIX CynepHaTaHTOB MPOTWB KOHTPONA Ha 450 HM.

B maHHow paboTe Mbl 06HapYHWUNK B KPUTUYECKWX «BPEMEHHBIX OKHa» MpW AEMCTBUM arperatoB aMUIoMaHOro NenTu-
Aa AB,s_s5 Ha nnactuunocTb CA3-CA1 ciHancos B cpesax runnokamna Kpbic. B TeyeHune ctapta AB,s ;5-Bbl3BaHHbIX Heli-
poxumuyecknx nameHernin (0-20 MMHYT MHKybaLMW cpe30B B MPUCYTCTBUK arperatoB AP, ;s) MPOMCXOAWT aKTUBaLMA
uzodopm MKC. Ecnm runnokamnansHele CA3-CA1 cvHanchl TeTaHU3MpOBaTh B 3TOT MOMEHT, B AaNlbHEWLIEM He 06Hapy-
YKMBAETCA HWKAKOro MHrMbMpOBaHUA [ONTOBPEMEHHOM MOTEHLMALMM HU B paHHel, HW B No3JHeN (ase eé pa3BuUTUA.
BroxvuMmyeckuii aHanu3 nokaseiaet uHAyKUMM MKC akTMBHOCTM B cpe3ax, npefobpabotaHHbix arperatamu Ap,. o B Te-
ueHune 20—30 MUHYT, HO He Moc/e YacoBOM MHKYbauum. B To e BpeMA MHKYbaLUMA runnoKamMnanbHbIX CPe3oB B NMPUCYT-
ctBum AB,s 4 arperatoB B Te4eHMe Yaca BCerja NpMBOAMIA K UCHE3HOBEHWIO [ONTOBPEMEHHO MOTEHLMALMM B NO3AHEN
dase eé pasBuTuA (cnycTa 3 Yaca nocne MHOYKUMM TeTaHyca). IHrMOWUTOPHBIA aHanu3 noKasar, YTo CUNbHOE yBeNNYeH e
aKTMBHOCTM cTpecc-uHayumpyeMon docdatasbl 1a (PP1a), KoTopas MHTEpdEpUpYET KMHA30-0MOCPEaYEMbIE CUTHAMbI M0-
Cne VHOYKUMW LONrOBPEMEHHOM MOTEHLMALMKM, OTBETCTBEHHO 3@ NMOAABMIEHME CMHANTMYecKoM nnactuyHocTi B CA3-CAT
CMHancoB nocne MHKybaumu ¢ arperatammn AB,s ;.. COBMECTHO, 3TV faHHble YKa3blBaloT Ha To, 4to nocne 20—30-MuHYTHOM
MHKybaLMK Cpe3oB runnokamna B NpuUcyTcTBuM arperatoB AP,s ;s KMHa3HO-pocPaTasHbI banaHc cMeLLaeTcA B CTOPO-
HY YCWNEHWA KMHA3HOW aKTMBHOCTM 3a cYeT aktmBaumm m3odopM [KC. bonblumHcTBo m3odopM [NKC xapakTepu3ytotca
CNOCOBHOCTLIO [JECEHCETU3MPOBATLCA MOCE akTUBaLMK. BepoaTHo, ucToweHune nyna HeaktueupoBaHHbIx [KC, KoTopoe
cnyyaetca B TeveHne 20-30 MUHYT nocne cTapTa MHKybauum cpe3oB runnokamna c arperatamm AP, ,;, @ Takxe cylue-
CTBEHHOE YBENMYEHWUE aKTUBHOCTM CTpecc-uHayLmupyeMon docdartasbl PP1a oTBETCTBEHHBI 32 BTOPOE «BPEMEHHOE OKHO»
nepeKnioYeHnA KMHasHo-¢pocgatasHoro banaHca B CA3-CA1 cuHancax, KoTopoe cTabunbHO geTekTupyetca nocne 60-mu-
HYTHOM MHKy6aLum cpe3oB ¢ arperatamm ABys ..

Pykonucb nonyuena: 29.03.2023 Pykonucb opobpena: 26.11.2023 Ony6nukoBaHa online: 20.01.2024
V-2
ECOeVECTOR Article can be used under the CC BY-NC-ND 4.0 International License

© Eco-Vector, 2023

713


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.17816/gc623268
https://crossmark.crossref.org/dialog/?doi=10.17816/gc623268&domain=PDF&date_stamp=2023-12-15

MATEPNAJTTE KOHOEPEHLIM Tom 18, N\e 4, 2073 [eHBI 1 KNEeTHN
CONFERENCE PROCEEDINGS Vol 18 (4) 2023 Genes & cells

TakuM 0bpa3oM, MHKybaumMA cpe3oB runnokamna B npucyTcTeumn arperatoB AB,s ;- (0-30 MuHYT) cHavana cMeluaeT K-O
6anaHc B CTOPOHY YCMIEHUA KMHA3HOW aKTUBHOCTM 3a cYET akTuBaumm [MKC, a yepe3 60 MMHYT nocne ctapta UHKybauum
Ccpe3oB € amunouaoM HabniopaetcA nepeknioyeHve K-@ 6anaHca B cTopoHy npoueccoB AedochopunupoBaHna 3a CYET
aKTMBaLMK cTpecc-uHayumpyemon PP1a u, no-BugnMMoMy, 3a CHET UCTOLLEHMA Nyna HeakTMBMpoBaHHbIX [TKC nsodopm.

KnioueBble cnoBa: runnokamn; [0/IroBpeMeHHan noTeHunauna; CEpVIH/TpEOHVIHOBbIE KWUHa3bl, ¢0C¢3Ta3bl; aMunongHole
arperarbl; CAHaNnTU4eCKaA NnacTUYHOCTb.
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“Time windows” for switching kinase-phosphatase
balance during inhibition of long-term potentialization
of hippocampal synapses by amyloid aggregates

A.V. Maltsev*, P.M. Balaban
Institute of Higher Nervous Activity and Neurophysiology, Russian Academy of Sciences, Moscow, Russian Federation

ABSTRACT

Phosphorylation and dephosphorylation of target proteins are crucial mechanisms for regulating cellular functions. These
processes are mediated by protein kinases and phosphatases, respectively. Changes in the kinase-phosphatase balance,
known as K-P balance, are well documented during the progression of amyloidosis. The overactivation of kinases
or the failed activity of phosphatases is the root cause of hyperphosphorylation of the structural tau protein leading to
the formation of fibrillar tangles. The data suggests bidirectional regulation of phosphorylation/dephosphorylation processes
during amyloidosis-related states is consistent across different animal models and many protocols. Therefore, it is crucial
to identify the “time windows” during which the K-P balance can be altered.

Field excitatory postsynaptic potentials (fEPSPs) were recorded from the stratum radiatum located in area CA1. Baseline
synaptic responses were generated by paired-pulse stimulation of the Schaffer collaterals at a frequency of 0.033 Hz using
a bipolar electrode. Four 100 Hz trains were delivered 5 minutes apart to induce long-term potentiation (LTP). Serine and
threonine phosphatase activity was assessed using a non-radioactive molybdate dye-based assay kit (Promega, USA) based
on the manufacturer’s instructions. The procedure relies on the creation of a colored complex of phosphates with a dye
containing molybdenum, followed by the measurement of optical densities of supernatants that were incubated against
a control at 640 nm. The activity of protein kinase C (PKC) will be measured directly via an enzyme immunoassay (ELISA) on
a plate reader, using a commercial Abcam kit (Abcam, USA). The technique relies on the binding of engineered antibodies to
activated PKC, and optical densities of incubated supernatants are measured against a control at 450 nm.

In this study, we identified two important time periods during the application of amyloid AB,; ,; aggregates that affect
plasticity in the CA3-CA1 synapses. Specifically, the PKC isoforms are activated during early neurochemical events (0—
20 min of incubation of slices in the presence of AB,;_;; aggregates). If the hippocampal CA3-CA1 synapses are tetanized
during this period, we did not observe any inhibition of synaptic plasticity either in the early or late phase development
of LTP. Biochemical analysis indicates that hippocampal slices pretreated with AB,; ;- aggregates for 20-30 minutes
exhibit increased PKC activity, whereas no such effect is observed after one hour of incubation. Simultaneously, the hour-
long incubation of hippocampal slices in the presence of AB,; ;; aggregates resulted in the disappearance of long-term
potentiation and the return of responses to the pre-tetanic level of synaptic transmission during the late-LTP phase (3 hours
after tetanus induction). Inhibitory analysis revealed that an abrupt rise in the activity of stress-induced phosphatase 1a
(PP1a) interrupts kinase-mediated signals after LTP induction, leading to the suppression of fEPSPs in the CA3-CA1
synapses. These findings suggest that exposing hippocampal slices to AB,; ;s aggregates for 20-30 minutes may alter
the K-P balance and enhance kinase activity through PKC isoform induction. The majority of PKC isoforms exhibit a tendency
to desensitize following activation. Probably, the depletion of the pool of PKCs, which occurs within the first 20-30 minutes
after incubation of hippocampal slices with AB,;_s; aggregates, along with a notable elevation in the activity of stress-
induced phosphatase PP1q, is accountable for the second time window for switching the kinase-phosphatase balance,
stabilized after an hour of incubation of hippocampal slices in the presence of AB,;_; aggregates.

Incubating hippocampal slices with AB,;_s; aggregates (for 0—30 minutes) leads to a shift in the kinase-phosphatase balance
towards the activity of kinases due to the activation of PKC isoforms. After this stage, there is a significant rise in phosphatase
activity, resulting from the induction of PP1a. This induces a shift in the balance between kinase and phosphatase towards
dephosphorylation processes.

Keywords: hippocampus; long-term potentiation; serine/threonine protein kinases; phosphatases; amyloid aggregates;
synaptic plasticity.
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