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3Hrpamma naMATU 0 KOMJIEKCHOM CUrHa’sie B Mo3re i dod
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AHHOTALMA

EcTecTBeHHble CUTyaLuM 06y4eHWA 0ObIYHO BKITIOYAIOT KOMMIEKCHBIE CTUMYNbI, COCTOALLME U3 HECKOJbKMUX CEHCOPHBIX
MOJanbHOCTEN. INeMeHTHbIe Teopun 06yyeHnA NpeanonaraloT, YT0 Kaabl KOMMOHEHT KOMMMEKCHOMO CUrHana Ko-
AVpYeTcA M accouumpyeTcA oTaensHo. KoHdurypanbHble Teopun NpeAcKasbiBaloT, YTO pernpe3eHTauMA NOHOr0 KOM-
MNIEKCHOr0 cUMrHana GopMMpyeTcA M accoummpyeTca co BTopbiM cobbiTeM. Hamu 6bbina paspabotaHa mogenb ycnoB-
HO-pedIEKTOPHOr0 3aMMPaHUA Ha KOMMMEKCHBIN ycnoBHbIA curHan (KYC) unu ero otoenbHble CBETOBOWM M 3BYKOBOWA
KOMMOHEHTHI Y Mbllei. [JaHHaa Moaenb bbina Mcnonb3oBaHa, YT0bbl NPOBEPUTL PACCMOTPEHHbIE BbILLE anbTepHATMB-
Hble Teopuu. Hamm 6bina uccnepoBaHa AMHAMUKA NAMATU O KOMMIEKCHOM YCNIOBHOM CUMHane U ero KOMMOHEHTaX.
Mbl 06Hapy*uK, 4To NaMATb 0 JaHHLIX KOMMOHEHTaX CO3PeBaeT B TEYEHME Pa3IMUHbIX NMPOMEKYTKOB BPEMEHU nocie
0by4yeHMA: NaMATb 0 3BYKOBOM YC/IOBHOM CTUMYJe M 3BYKoBOM KoMnoHeHTe KYC nposBnaeTca cpa3y nocne oby4yeHus,
a NaMATb 0 CBETOBOM YC/I0BHOM CTUMYJe 1 CBeTOBOM KoMnoHeHTe KYC fospeBaeT B TeueHue 3 gHet. lpu 3ToM namAtb
0 KYC, ero KOMNoHeHTax 1 QUCKPETHBIX YCIOBHbIX CTUMY/ax XpaHUTCA AnuTenbHo, BnioTb Ao 1 MecAua. CxogHaAa auc-
coumauma bbina obHapyeHa B IKCepUMEHTax No yraleHuio. bbino nokasaxo, 4To Npu Hayane nNpoueaypbl yraleHus
yepe3 1 geHb nocne obyyeHua yraweHue namMat 06 1 komnoHeHTe KYC He BAMAET Ha NaMATb 0 APYroM KOMMOHEHTe
KYC. Mpu Havane npoueaypbl yraweHus yepe3s 7 gHel nocie obyyeHus, Koraa naMATb MOSHOCTbIO [03pena, yralle-
Hue namMATM 06 1 KoMnoHeHTe KYC TaKKe NpMBOAMT K YyralleHuio NaMATM 0 OpYroM KoMnoHeHTe. [lanee Hamu 6bin
npoBeféH C-FOS UMMIKUHI aKTUBHOCTW KNETOK B QPOHTaNbHOM, NpenMMOUYecKom, LUMHIYNAPHOMN, peTpocnieHuanb-
HOW, NapueTanbHOM, NEPBUYHONM 1 BTOPUYHOW 3PUTESIbHBIX, MEPBUYHOM U BTOPUYHOM CNYXOBbLIX 06/1aCTAX HEOKOPTEKCA,
a TaKKe B rMNMoKamne ¥ MUHOANMHe nocie 06y4eHWA Ha NOMHBIA KOMMIEKCHBIM CUrHaM UK ero KOMMOHEHTbI. bbino
06Hapy»KeHo, YTo 06y4eHNe Ha KOMMEKCHBIM CUrHaN U AUCKPETHbIE CUrHasbl Bbi3bIBAIOT Pa3fMyHbIe NaTTepHbI aKTMBA-
UMM HeoKopTeKca — npenuMbuyeckan 1 GpoHTanbHaA accoumMaTMBHAA 061acTy KOpbl aKTUBMPOBANUCh Npy 06y4eHUn
Ha KOMIMJIEKCHBIW, HO HE Ha OMCKPETHbIE CUrHanbl. Mbl MOKa3anu, 4YTo TOJIbKO U3BIEYEHUE MAMATU 0 NOSIHOM KOMIMIEKC-
HOM CMrHane, HO He 0 ero KOMMOHEHTaX aKTUBMPOBANO MapueTanbHyl, NEPBUYHYIO 3pUTENbHYI0 06nacTb M Meguona-
TeparbHylo 061acTb BTOPUYHOW 3pUTESIbHOM KOpbl, a Takke obnactb CA1 runnokamna. Hamm 6bin nposepaéH in vivo
BBYX(DOTOHHBIA MMUOMKWVHI BbI3BAHHOW peakTMBaLMen NaMATK 3KCnpeccumn c-Fos B napueTanbHOM Kope TpaHCTeHHbIX
Mblwwen nuHum fos-EGFP. Mbl 06HapyuUK, 4To CYLLECTBYIOT N0 KpalHei Mepe TpU NONyNALMKU HEMPOHOB C pasfIUYHO
cneuMdUYHOCTbI0 0TBETOB Ha KOMMEKCHBIA CUMHAM M ero KOMMOHEHTLI. TakuM 06pa3oM, Halluu AaHHble CBUAETENLCTBY-
10T 0 TOM, YTO KOMM/EKCHbIE CUrHanbl MOTYT UMETb KaK MHTerpasbHble, TaK U 3NeMeHTHbIe penpeseHTaumu. 3T penpe-
3eHTaLMM MOryT UCMOMb30BaTbCA B MOBEAEHUM HE3ABMCUMO, @ TaKKE MMETb PasfNyHyi0 AMHAMUKY B [ONTOBPEMEHHON
namATu.
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ABSTRACT

Natural learning involves multiple sensory modalities receiving complex stimuli. Elemental learning theories suggest
separate encoding and association of each component in a compound signal. Configural theories predict the formation
of a representation of the entire complex signal, which is associated with the second event. We developed a mouse model
of fear conditioning to a compound tone-light cue or its separate components to test these alternative theories. First, we
investigated the memory dynamics of compound cues and their individual components and discovered that they mature at
varying times following conditioning. We demonstrated that the memory of the components matures at different intervals
after training: memory of the auditory stimulus and the auditory component of CCS is demonstrated behaviorally right after
training, whereas memory of the light stimulus and the light component of CCS matures within three days. The memory
of CCS, its components, and discrete conditioned stimuli persists for an extended period, up to one month. A similar
dissociation was observed in extinction experiments, revealing that the extinction of memory for one CCS component
did not affect the memory of the other component when the extinction procedure began a day after training. In addition,
when the extinction procedure began seven days after training, while the memory was fully mature, the extinction of one
component of contextual conditional stimuli led to the extinction of the other component. Next, c-Fos imaging was conducted
to examine cellular activity across multiple brain regions, including the frontal, prelimbic, cingulate, retrosplenial, parietal,
primary and secondary visual, primary and secondary auditory cortices, as well as the hippocampus and amygdala. This
examination was performed following conditioning using either the entire compound cue or its individual components.
We discovered different cortical activation patterns between compound-cue and single-cue conditioning. Conditioning to
the compound cue activated prelimbic and frontal associative cortices, whereas single cues did not. Third, we demonstrated
that retrieval of memory only through the entire compound cue, and not through single cues, activated the parietal cortex,
primary visual cortex, mediolateral secondary visual cortices, and hippocampal CA1. Fourth, through in vivo two-photon
imaging, we examined retrieval-induced c-Fos expression in the parietal cortex of fos-EGFP transgenic mice and identified
at least three distinct neuronal populations with differential response specificity to the compound signal and its components.
Taken together, our data suggest that intricate signals have the potential to establish both integral and elemental neuronal
representations. These representations can be used separately in behavior and have different long-term memory dynamics.

Keywords: engram; associative learning; complex signals; immediate early genes; fear conditioning; two-photon micros-
copy; memory extinction.

To cite this article:
Ivashkina Ol, Toropova KA, Anokhin KV. Engram for the complex signals in the mouse brain: distinct neuronal ensembles for compound conditioning stimulus
and its components. Genes & Cells. 2023;18(4):710-712. DOI: https://doi.org/10.17816/gc623248

ADDITIONAL INFORMATION

Funding sources. This work was supported by Non-Commercial Foundation for Support of Science and Education “Intellect”,
the Interdisciplinary Scientific and Educational School of Moscow University “Brain, Cognitive Systems, Artificial Intelligence” and
RSF project No. 23-78-00010, https://rscf.ru/project/23-78-00010/

AUTHORS’ CONTACT INFO

* 0.l Ivashkina; address: 27-1 Lomonosovsky avenue, 119192 Moscow, Russian Federation; e-mail: oivashkina@gmail.com

Received: 15.05.2023 Accepted: 26.11.2023 Published online: 20.01.2024
&
ECO®VECTOR Article can be used under the CC BY-NC-ND 40 International License

© Eco-Vector, 2023


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.17816/gc623248
https://doi.org/10.17816/gc623248
https://rscf.ru/project/23-78-00010/
mailto:oivashkina@gmail.com

