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AHHOTALMA

OpHMM M3 KMloYeBbIX 3afa4y Helpobuonorum ABNAETCA MOMCK MeXaHU3MOB BIMAHWA MPOLUNIOr0 OMbiTa Ha OCyLLecTBe-
HWe TeKyLLero NoBefeHnaA 1 0byyeHue. MI3BeCTHO, YTO NOMYYEHHBIA B MPOLLIOM KOTHUTUBHBIN OMbIT CocobeH ycunmBatb
(popMMpoBaHUe HOBOW NAaMATU KaK Y YeNoBeKa, TaK U Y HUBOTHbIX. OAHAKO MexaHM3Mbl JaHHOro peHOMEeHa 3aBUCMMOCTM
(opMupyloLLeiicA 3aHOBO NaMATM OT NPOLLION UCTOPUM UHAMBUYANbHOMO ONbITA HA CErOAHALIHUIA LeHb CNabo M3yyeHbl
KaK Ha NoBeAEHYECKOM, TaK U Ha HEMPOHANbHOM YPOBHE.

Llenb pa6otbi. [poBepKa rvnoTesbl 0 TOM, YTO MOTEHLMPYIOLLEE BAMAHME MPOLLAOrO OMbiTa Ha (pOPMMpOBaHME HOBOW
naMATU MPOMCXOQMT TONBKO B TOM Clyyae, ecv JaHHble cOb6bITUA BOBMEKAIOT Mepecekalollmeca nonynAauMmM HeMpoHOB
ronoBHoro mosra. [inA storo Hamm 6bina paspaboTaHa yHUKanbHaA NOBefeEHYecKan MeToaMKa cnaboro 0byveHns Mbilei
YCNOBHO-pe(IEKTOPHOMY 3aMUPaHMIO Ha CUTHas, 3aK/io4aloLlanca B 04eHb KpaTKoM (5 €) NpegbABNEHUM YCNOBHOIO CUr-
Hana HemocpefACcTBEHHO A0 HAHECEHMA Claboro 3MEKTPOKOMKHOrO pasdpamenuns. IGOeKT ycuneHns cnabon namaTn bbin
06Hapy*KeH HaMK NpU KyMynATMBHOM 06yyeHum: cnaboe obyyeHue, camMo no cebe He Bbi3biBaloLLee GOPMUPOBAHUA NMPO-
ABNAIOLLENCA B NOBEAEHWUM [0NrOBPEMEHHON NaMATH, MOMKET ObiTb YCUNEHO B TOM Cy4ae, /v NpoBEeCTU ero NOBTOPHO.
Takoe ycuneHve naMmAT MPOMCXOAMT, TONbKO €C/IM HMBOTHOE HbIN0 06a pasa 06y4eHo Ha OfUH M TOT ¥Ke YCOBHbIA CUr-
Han. Ecnu e ycnoBHble CUrHanbl, UCMONb30BaHHbIE MPU MEPBOM U BTOPOM claboM 06y4eHUM, HE3HAUMTENBHO OT/INYa-
JIUCb, TO He NPOUCXOAMN0 GOPMUPOBAHMA NaMATU HY 06 OJHOM U3 HUX. [Tpy 3TOM yCUNeHWe NaMATU NPU KYMYIATUBHOM
06Yy4YeHWM ABMANOCH KOHTEKCT-3aBUCUMBIM: OHO MPOSABAANOCH B NOJIHOM MEPE B TOM CJly4ae, eci NOBTOPHbIE ceccuu 06-
y4eHus NpoBoaunIM B 0fHOM o6CcTaHOBKe. Hamm 6bino npoBepeHo, AEMCTBUATENBHO U HOPMMPOBaHME A0NTOBPEMEHHON
namATK 06 YCNOBHOM CUrHane npu KyMylATUBHOM 0By4eHUM 3aBUCMT OT MPOLLIOrO OMbITa MKUBOTHBIX, KOTOPLIA MOMET
6bITb MOAMOMLMPOBaAH NOBTOPHLIM 06yyeHMeM. bbino obHapy*eHo, 4To GopMUpPOBaHMEe LONrOBPEMEHHONM NaMATK 06 yc-
JIOBHOM CUrHasie MPOMCXOAMT YCMELLIHO B TOM C/ly4ae, ecnik ABa cnabbix 0byyeHWA paspeneHbl uHTepBanoM 6onee 30 MUH
(n no 30 gHeR), HO He MPOWMCXOAMT, €CAM UHTepBan Merady 06yveHuamu coctaenseT 30 ¢ uan 5 MuH. TakuM obpasoMm,
ycuneHue cnabov NamMATU NPy KyMyNATUBHOM 06y4eHUM NMPOMCXOLUT, TOSIbKO ECNK BTOpoe 0by4eHMe OTAENEHO OT NepBoro
BPEMEHHbBIM MPOMEKYTKOM, [OCTATO4HbIM A11A (OPMMPOBAHWA NATEHTHON NAMATM 0 NepPBOM. TakMM 06pa3oM, NoNyYeHHble
AaHHble AaloT 0CHOBaHWe npegnonararb, YTo cnaboe 06yyeHue YCNoBHO-PedGneKTOPHOMY 3aMMpaHMio BbI3bIBAET J0T0Bpe-
MeHHbIe NNacTUYecK1e NepecTporiKM B MO3re MbILLEN, KOTOPble MOTYT BbiTb YCUIEHBI U MPUBECTU K NOBEAEHYECKOMY MpO-
AIBNIEHWIO MaMATU TOJIbKO NPU NOBTOPHOM CNaboM 0byUYeHUM Ha TOT e YCoBHbIN curHan. [Janee Hamu bbina uccnefoBaHa
aKTUBHOCTb pasfMYHbIX 0bnacTelt Mo3ra Npu KyMynATUBHOM 06y4eHUM. Mbl Mokasanu, Yto noBTOpHOe craboe 0byyeHue
MPMBOAMT K crieuMuyIecKol akTMBaLMM 0bnacTeil Mo3ra MbilM, KPUTMYECKM BarkHbIX A GOpMUpOBaHWUS LONroBpe-
MEHHOM MaMATW: acCOLMATMBHBIX 30H KOpbl, MUHAANMHBI U rUnnoKkamna. [py 3ToM, TaKoW aKkTUBauumM He Habnioganoch
nocne ofHOKpaTHoro cnaboro obyyeHWA — B 3TOM Cilyyae aKTMBHOCTb CTPYKTYP Mo3ra bbina TaKoW e, KaK Yy MbILLEeN,
Momy4aBLUMX YCIIOBHBIA CUrHan 6e3 NoAKpennieHnA 1 He 06y4YaBLIMXCA. 3TW pe3ynbTaTbl MOKA3bIBAlOT, YUTO XOTA OHOKpaT-
Hoe cnaboe 0by4eHWe OCTaBASAET B MO3re CNed NaMATH, KOTOPbIA MOXKET ObiTb YCUNEH NPY NOBTOPEHUM 3TOr0 06yYeHNs,
06HapYKMTb 3TOT C/ief NaMATU Ha YPOBHE aKTUBHOCTM LIENbIX CTPYKTYP MO3ra HEBO3MOMHO. B cBA3M ¢ 3TUM, fanee Hamu
bbina npoBeaeHa NpAMan NpoBepKa 0CHOBHOW MMNOTe3bl JaHHOM paboTbl NYTEM OLIEHKWU NEPEeKpbITUA NONYNALMIA HEMPOHOB
Yy TPaHCreHHbIX MbllWK penopTepHon Cre-nuHUK, Y KOTOpbIX 3KCnpeccuen GpnyopecLieHTHOro 6enka noMeyeHbl HeMpoHbl,
BOBJIEKLLMECA B NepBoe criaboe 06y4eHWe, a aKTUBHbIE BO BTOPOM 06Y4YEHWM KNETKM MOMEYEHbI C NMOMOLLbI0 MIMMYHOTUCTO-
XMMUYECKOW OKpacKM Ha HaTWBHbIA benok Arc. bbino nokasaHo, YTo Npu KyMynATMBHOM 06y4eHuK bonee 30% HelipoHoB
NpenMOUYECKO KOpbl, CIYXOBOW KOpbl M MUHLANMHbLI aKTUBMPYKOTCA MOBTOPHO, TOF4a KaKk B Ciiyyae ABYX cnabbix 06-
YYEHUIN Ha pa3fMyHble YCII0BHbIE CUTHAMbI, HE MPUBOAALLMX K (POPMMPOBAHMIO NAMATK, NOBTOPHO aKTUBMPYETCA TOSbKO
10% KneToK. Takum obpasoM, B HacTosLLel paboTe deHOMeH 3aBMCUMOCTY HOPMUPYIOLLEMNCA 3aHOBO NaMATK OT MPOLLION
UCTOPUM UHAMBMYANLHOMO ONbITa BbIN U3YYeH HaMU KaK Ha MOBEEHYECKOM, TaK U Ha HeMPOHaNbLHOM ypoBHe. beino no-
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Ka3aHo, 4YTO0 noTeHuupyloLee BnnMAHME NPOLLIOro onbiTa Ha d)OpMVIpOBaHVIe MNaMATU 3aBUCUT OT I'IOBTOpHOl‘/‘I akTuBauun
0OHUX U TeX e HEVIPOHOB.
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ABSTRACT

One of neurobiology's primary objectives is to discover the mechanisms by which past experiences influence current behavior
and learning. While it is acknowledged that previous cognitive experiences can facilitate the creation of new memories in
both humans and animals, investigations into the behavioral and neuronal aspects of the phenomenon of new memory being
dependent on past cognitive experiences remain to be explored. The aim is to evaluate the theory that the facilitating effects
of prior experiences on the creation of new memories are solely evident if these occurrences involve shared groups of neurons
in the brain. To this end, a novel method was devised to lightly instruct mice to instinctively freeze when presented with a cue by
exposing them to a conditioned signal for a brief (5 seconds) period, followed immediately by a gentle electrodermal stimulation.
We discovered that weak memory can be strengthened through repeated weak learning in cumulative learning, despite the lack
of formation of long-term memory caused by weak learning itself. Strengthening of memory only occurs when the animal is
trained on the same conditioned signal during both weak training times. On the other hand, if the conditioned signals used
during the first and second weak training are insignificantly different, no memory formation will occur for either. However,
memory reinforcement in cumulative learning depended on context, fully manifesting only when multiple training sessions
occurred in the same environment. We examined if long-term memory formation of the conditioned signal during cumulative
learning relied on the animals’ past experiences, which were subject to alteration through repeated training. We discovered
that successful long-term memaory formation for the conditioned signal occurred when two weak learnings were separated by
more than 30 minutes (up to 30 days), but not when the interval between learnings was 30 seconds or 5 minutes. Thus, weak
memory reinforcement in cumulative learning occurs only when the second training is separated from the first by a time interval
sufficient to form a latent memory of the first. The data obtained suggest that weak training of the conditioned reflex freeze
results in long-term plastic rearrangements in the brains of mice. These changes can be strengthened through repeated weak
training to the same conditioned signal, resulting in the behavioral manifestation of memory. We then investigated the activity
of different brain regions during cumulative learning. We demonstrated that repeated weak training elicits selective activation
of mouse brain regions that are crucial for long-term memory formation, including associative cortical regions, amygdala, and
hippocampus. Conversely, such activation was absent after a single weak training, where the brain activity was equivalent to
the mice that received the conditioned stimulus without reinforcement and remained untrained. This study suggests that a weak
single training can form a memory trace in the brain, which can be strengthened through repetition. However, identifying this
trace at the level of entire brain structures appears to be unattainable. Therefore, we directly evaluated the main hypothesis
of this study by examining the overlap of neuronal populations in transgenic Cre-lineage mice. We labeled neurons involved in
the first weak learning with fluorescent protein expression and cells active in the second learning with immunohistochemical
staining for the native Arc protein. It was demonstrated that during cumulative learning, over 30% of neurons in the prelimbic
cortex, auditory cortex, and amygdala were reactivated, while only 10% of cells were reactivated when two weak learnings
were performed on different conditioned signals that did not lead to the formation of memories. Consequently, the present
study examines the phenomenon of newly formed memory dependence on individual experience history at both a behavioral
and neuronal level. The study demonstrated that the enhancing effect of previous experiences on memory creation relies on
the repeated activation of identical neurons.

Keywords: cued fear conditioning; weak learning; latent memory; weak memory strengthening; cumulative learning;
c-fos; overlapping neuronal populations.
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