HEUPOBUOINOIMA 0ONTOBPEMEHHOWU
NAMATU: HEPELWWEHHbIE BOMNPOCHI

KoHcTaHTUH AHOXUH

Laboratory of Neurobiology of Memory
P.K.Anokhin Institute of Normal Physiology
Russian Academy of Medical Sciences

"XKU3Hb - Mo He me OHU, YMO MPOoXXUMmhkI, @ me, 4YmMo 3arloMHEHbI."
abpuenb Napcuna Mapkec



HEUPOBUOINOIMA 0ONTOBPEMEHHOWU
NAMATU: HEPELWWEHHbIE NPOBNEMbI

KoHcTaHTUH AHOXUH

Laboratory of Neurobiology of Memory
P.K.Anokhin Institute of Normal Physiology
Russian Academy of Medical Sciences

"XKU3Hb - Mo He me OHU, YMO MPOoXXUMmhkI, @ me, 4YmMo 3arloMHEHbI."
abpuenb Napcuna Mapkec



[laMAaTb MOXeT XPaHUTCA OECATUIIETUAMN

[TamMAaTb Y MHEMOHWUCTOB

"Okasanocb, 4YTo namaTb L. He nmeeT ACHbIX
rpPaHuL, He TONbKO B CBOEM 0ObEME, HO U B
NPOYHOCTU yaepkaHus crnenos. OnbITol
nokasarsu, YTo OH C ycrnexom - 1 6e3
3aMETHOro Tpyada - MOXeT BOCNpPOM3BOAUTb
noOoN ASNMHHLIN pAL CrOB, AaHHbIX eMY
Hegento, Mecsl, rog, MHOro reT Hasag.
HekoTopble U3 Takux OnbITOB, HEN3MEHHO
OKaH4YMBaBLUMXCSA YCNEXOM, Oblfin NPOBEAEHbI
cnycta 15-16 net nocrne nepBUYHOro
3anomMuHaHma psiga n 6e3 BCAKOro

npegynpexageHna."

A.PJlypna MarneHbKkas KHUXKa O
6onbwou namsamu (1966)



[TamMAaTb Yy MHEMOHWUCTOB
(rmneptnmesns)

Neurocase (2006) 12, 35-49
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A Case of Unusual Autobiographical Remembering

ELIZABETH S. PARKER', LARRY CAHILL? and JAMES L. MCGAUGH?

This report describes AJ, a woman whose remembering dominates her life. Her memory is “nonstop, uncontrollable, and automatic.” AJ
spends an excessive amount of time recalling her personal past with considerable accuracy and reliabilitv. If given a date, she can tell you
what she was doing and what day of the week it fell on. She differs from other cases of superior memory who use practiced mnemonics to
remember vast amounts of personally irrelevant information. We propose the name hyperthymestic syndrome, from the Greek word
thymesis meaning remembering, and that AJ is the first reported case.



[laMAaTb MOXeT XPaHUTCA OECATUIIETUAMN

[TamMATb B TEYEHNE MHOIMMX NET Yy 00bIYHbIX IOaOEN

Hackosnbko TouHa
"dpoToBCnbILLIEYHAA NAaMATL?

* Pillemer (1984) -
npnonunantensHo 90%
NCMbITYEMbIX UMESNN TOYHbIE
BOCNOMWHAHNA O TECTUPYEMOM
cobbITnu.

* McCloskey et al., (1988)
npnonunantensHo 50%
NCNbITYEMbIX MMENN TOYHbIE
BOCMNOMWHAHNA Yyepes S net
nocne TeCTUpyemMoro coobITus.

doToBbICnbILeYHaa namaTe (flashbulb memory) - aBTomatndeckoe
KOOMPOBaHME B NAaMATU HEOXNOAHHbLIX OO6CTOATENLCTB, UMEIOLLMX ONS
YyerioBeka 3Ha4YnTesbHY BaXXHOCTb U MOCNeacTBUS.

Roger Brown & James Kulik. Flashbulb memories. Cognition, 5 (1977) 73-99



[laMAaTb MOXeT XPaHUTCA OECATUIIETUAMN

[TamsaTb B TedeHne 50 neT y oObIYHbIX Noaen

AiIMeHa ogHOKNaCCHUKOB HasBaHus VALY
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IcxoaoHaga moaernb:

Sensitizing Stimuli ——  Modulatory Transmitter
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1. OO6y4yeHue npuBogut K cuHTe3y PHK 1 6enka B HepBHbIX KrneTKax.

2. [NaHHbIN Npouecc YHUBepcarieH U umeeT "KpuUtnyeckoe" okKHO,
orpaHuyeHHoe 1-2 yacamu nocne ody4yeHus.

3. [locne ero 3aBepleHUA NaMATb NepexoanuT B CTaOUNLHYHO,
KOHCONMAMPOBaHHYHO hOPMYy U HE MOXET ObITb HapyLleHa
BO3€UCTBUSAMU HA HEPBHYIO CUCTEMY.



JKkecnpeccust SaepHbIX MPOTOOHKOreHOB B
MO3re rnpu odyveHumn
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embryonic development learnin
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Ramon Cajal
hypothesis

H.E.ManeeBa 1 coaBT. AHanu3 aKcnpeccun NPOTOOHKOreHa c-fos B Kope
rOfIOBHOIO Mo3ra KpbIC rnpu obyyeHun. Fenemuka (1989) 25: 1119-1121.



JKkecnpeccust SaepHbIX MPOTOOHKOreHOB B
MO3re rnpu odyveHumn

2
SJ’stemo%

1. Dkenpeccus c-fos HabnogaeTcs B "KPUTUHECKOM OKHE" KOHconuaauum namaTu

c-fos — -—
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N3bupartenbHas bnokaga akcnpeccun c-fos
B MO3re HapyLlaeT KoHconuaauuo namMaTm
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[locnenoBaTenbHOCTb Kackaga akTUBaLum é““@?
"paHHNX reHoB" B KneTke npu odyyeHnu LS1
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Bcnep 3a akcnpeccunen "paHHUX reHoB" nocne
oby4yeHunsa cnenyet akTmBauus "no3gHMX reHoB

A second wave of gene expression occurs in the animal brain
several hours after learning and is required for storage of long-term memory
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A. Tiunova et al. (1996) Learning & Memory
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Molecular cascades of experience-dependent
gene expression in the nerve cells
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Molecular cascades of experience-dependent
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Molecular cascades of experience-dependent
gene expression in the nerve cells

L-VSCC

Timothy Syndrome

Excitotoxic death in stroke

Coffin Lowry
Rubenstein-Taybi

Syndrome
Rett
Activity- &, Syndrome : e
regulated CaR (3
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Activity-
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Learning and memory defects

S.Flawell, M.Greenberg (2008) Ann.Rev.Neurosci.



[JanbHeuwlee pa3BUTUE MoaeEnNu:

AP dekTopHbIE "PaHHUE" TrEHbI

1. YacTb "paHHuX" reHos,

aKTUBMPYHOLLMXCA Npn 0byyeHuu,

KOOMPYIOT 3G (PeKTOPHbIE BEnKu,
obecneuymBaline dopMmpoBaHme

"DaHHen" BenokK-3aBMCMON NaMSATH. CAl

2. K uncny takmx apdekTopHbIX
"paHHuX" reHoB oTHocuTtcs Arc (Arg 3.1).

» Ero akcnpeccus npoucxoauT B Nepsble
MUHYTbI NOcre oby4yeHns;

« JKcnpeccus cneumdunyeckn cea3aHa ¢
o0y4eHunem;

» brniokaga akcnpeccun NpMBOAUT K
HapyLLeHno dopMUPOBaHUS
OONTOBPEMEHHON NaMATH;

» Arc KogumpyeT cMHanTU4Yecknin 6enokx,
TPaHCMNOPTUPYHOLLNNCA B OEHOPWUTHI.
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[MTPOBJIEMA: bunonormyeckmne mexaHmambl 5 .
nogaepXaHusi NaMaTN B TEHEHUE MHOTUX NET Sl

"Korga B gylle BO3HUKAET XenaHue 4YTo-To
BCMOMHWUTbL, OHO 3acTaBnseT [3an1MdpusHyio]
Xernesy, nonepeMeHHO HaKMoOHSLWYHCS B
pa3Hble CTOPOHbI, HANPaBNATb "KMBOTHbIE
ayxun" B pasnuyHble YacTu Mo3ra 4o Tex nop,
noka OHW He BCTPETAT Cneaos,
OCTaBJIEHHbIX TEM MPEeaMETOM, KOTOPbIN
Aylia Xo4eT BCMOMHUTb. OTU crefbl - HE YTO
NHOe, Kak NpnobpeTeHHOe CBOMCTBO NOp
MO3ra, Yepes KOTopble paHbLUe Npoxoannm
"Oyxun", Bbl3BaHHblE 3TUM NPELMETOM,
OTKpbIBaTbCS C 6OMbLUEN TOTOBHOCTbLIO
"Oyxam", NOBTOPHO MPUXOOALLNM K HUM.
Taknm obpasom, "gyxn", BcTpeyas atu
nopbl, BXOAAT B HUX Jlerye, 4em B Apyrue, un
BbI3bIBAOT 0COD0E ABMXEHME B XKenese,
nepegatowlee gyule aToT npegmer u
yKasblBaroLlee en Ha TO, YTO OH N eCTb TOT
caMbli, KOTOPbIN OHa XoTena BCMOMHUTL."

P.LekapTt, Cmpacmu dywu (1649)




JanbHeuwee pa3BuTue moaenu

Kak akcnpeccusi reHoB B siape, obecneunBaeT n3dbupartenbHyto
cTabunusauuio MMeEHHO TEX CMHArNCOoB, KOTOPble BOBeKanucb B 00y4yeHmne?

[MnoTtesa npoekuum membpaHbl "KapTa BHelLLHen NOBEpPXHOCTWN NpeacTasBneHa B

HenpoHa Ha reHom (E.H. Buae passepTkn Ha mornekyne AHK. C gpyron

Cokonos, 1981) CTOPOHbI onpeaeneHHble ydyacTtku OHK cooepxar
MHGOPMaLNIO O HarnpaBiEHUM TPaHCITOKaLnm
CUHTEe3npoBaHHOro benka. B pesynerarte B
onpeneneHHoM y4actke MeMbpaHbl NponcxoanT
nokarnbHoO-cneundunyeckoe ycuneHme BCTpanBaHus
CUHTE3UPOBAHHOIO peuenTueHoro benka."

ApPryMeHTbl NPOTUB:

a). TeopeTnyeckne pacyeTbl COOTHOLLEHMNS
KOSindecTBa CMHarcoB N KOnnyecTBa reHos,
9KCMNPECCUPYIOLLIMXCA B HENPOHE.

6). akcnepuMMeHTanbHble AaHHbIE O KNETOYHbIX
dyHKUMAX "Nno3gHMX" reHoB Npu 00y4eHnN.




[lanbHeWllee pa3BuTue Mmoagenu

[MnoTte3a "cMHanTUu4YeCcKnx
APNbIKOB" (Frey & Morris, 1997)
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TpyaHOCTU OaHHOW Modenu:.

ObbACHEHME OONMTOBPEMEHHOIO NoAaePXKaHUS
N3MEeHEHHOro goeHoTuna HenpoHa

[pyrne monekynsipHble MexaHu3mbl
nogaepXXaHma NaMmsaTy:

« AyTodocchopunupoBaHue 6enkoB
* [1lpnoOHHLIE BENKM B CMHAncax

* ONUreHeTUn4YecKmne NepecTponKkmn XxpomMaTuHa rnpu
00y4yeHnn
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nopgaepXaHvsa NaMAaTn B TEYEHNE MHOTUX NeT S

MonekynspHble OCHOBbI
namsaTu

MoxeT ObITb ANUTENbLHOE
nogaepXxaHve NnamaTu
AOCTUraeTcsl He Ha
KIeTOYHO-MOJEKYNAPHOM
ypoBHe?




&

TpaHcopmMauna namaTn Npu ee U3BrNeYeHnn -

"H HacTamBan Ha NPoOTSAXXeHUN Bcen
OVUCKYCCUM B 3TOT KHUre Ha TOM, 4YTO
onncaHne BOCNOMMHAHUIN Kak
"doMKcMpoBaHHbIX 1 BE3XKNU3HEHHbIX" eCTb
BCEro Nnub ownboYvHas haHTasus.

BocrnomuHaHmne He aBnseTcd NOBTOPHbLIM
BO30OyXAEHMEM HENUCHNCITUMbIX
JomKCcnpoBaHHbIX pparMeHTapHbIX CreaoB.
OHO eCTb Bcerga TBOpPYECKOE BOCCO34aHNe
NN KOHCTPYyMpoOBaHue, CKraablBatoLleecs
N3 HaLLero OTHOLUEHWNS KO BCEN aKTUBHOM
Macce peakuum 1 onbiTa npoLusioro.”

1932

dpenepuk baptnerr
1886-1969



TpaHcdhopmauns namsaT Npu ee n3BnevYeHnn -

Jlo3yHe Haweu nabopamopuu 8 1994 a.:

« Kaxxgasa peaktuBauumsa namMaTu ecTb ee
aKTMBHas1 PEKOHCTPYKLMUS;

« Kaykgasi peKoHCTPYKLMSA NaMATH
COMPOBOXOAaeTCcs pekaTreropusalmen;

* Bcnepn 3a kaxkgou pekaturopusaumen
crenyet pekoHconuaawums.



YTO nponcxoguT C NamMATbIO
nocrne ee n3Brne4yeHuna?

* Hnyero

e [lanbHenwaa KoHconmaaumns
 MogepHu3auus ctapon namaT
* [lepe3anuncb ctapon namaTu



YTO nponcxoguT C NamMATbIO
nocrne ee n3Brne4yeHuna?

* FAnN4ero

e [lanbHenwaa KoHconmaaumns
 MogepHu3auus ctapon namaT
e [lepe3anucb cTapou NamMAaTH



YTO nponcxoguT C NamMATbIO
nocrne ee n3Brne4yeHuna?

CTAPAA HOBAA
BAPWAHTDI NMAMATDb NAMATDb
Huuero - -
NanbHeWwas
- 3anoMmHaHue

KOHconuapauus
MoaepHusauuma

. - 3anoMmHaHue
cTapoun namsaTu
MNMepe3anuco

. cTupaHue 3anoMmnHaHue
CTapou NnamsaTu




YTO nponcxoguT C NamMATbIO
nocrne ee n3Brne4yeHuna?

NPEACKA3AHUE:
CTAPAS HOBAA RHIVBHT,
WHIMEUTOPOB
BAPUAHTDI NAMSTb NnAMATL | KOHCONUOALIAU
HA CTAPYIO
NAMATb
Huuero - =
HdanbHenwwas )
KOHCOJInAauus
MoaepHusauusa

CTapou NnamMmaTu

lNMepe3anucb

o dMHe3uns
cCTapomn NamMaTH

cTUpaHue




JKcnepumMmeHTanbHasa npoBepkKa:
YT0 NnponcxognTt C NaMATbiO TP €ee
N3Brie4yeHnn Ha poHe brnokaabl
npoLeccoB 3arnoMmHaHnUA"?



Mopaenb oby4yeHus n popmmpoBaHus
AONroBpeMeHHOU NaMATU Y UbINNAT

MOLOEJ1b NMACCUBHOIO N3BETAHUA

10Q,
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« OgHOKpaTHOE 0BYYeHWE; * - p<0.05

* Mogenb ann3ognyeckon NamaTu;

* Beget K doopmMmnpoBaHuo 4OSITOBPEMEHHOU NAMATH,

* [lamate yyBcTBUTENBHA K Briokage NMDA peuentopoB 1 cuHte3a benka



AbdekTbl ONoKaabl CUHTE3a bernka
Ha peakTUBUPOBAHHYIO NaMATb
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AbdekTbl ONoKaabl CUHTE3a bernka
Ha peakTUBUPOBAHHYIO NaMATb
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Przybyslawski, J., & Sara, S. J. (1997). Reconsolidation of
memory after its reactivation. Behavioural Brain Research,
84(1-2), 241-246.

Nader, K., Schafe, G. E. & LeDoux, J. E. Fear memories
require protein synthesis in the amygdala for reconsolidation
after retrieval. Nature 406, 722—726 (2000).



AbdekTbl ONoKaabl CUHTE3a bernka
Ha peakTUBUPOBAHHYIO NaMATb
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Species and task showing memory reconsolidation

Species Memory tasks References

Humans Episodic memory, motor sequence Pitman et al., 2002; Miller et al., 2004;
learning, fear conditioning, PTSD Walker et al., 2003

Rats Fear conditioning, active avoidance, Eisenber et al., 2003; Milekic & Alberini,
instrumental learning, fear-potentiated 2003, |
startle, radial maze, water maze, odor Akirav & Maroun, 2006; Morris et al.,
conditioning, object recognition, 2006
conditioned taste aversion, conditioned
place preference

Mice Fear conditioning, water maze Suzuki et al., 2004; Muravieva &

Anokhin, 2006

Chicks (Gallus)

Passive avoidance

Litvin & Anokhin, 1997

Medaka fish (Oryzias)

Aversive conditioning

Eisenberg et al., 2003

Crabs (Chasmagnathus)

Contextual memory

Pedreira et al., 2002; Frenkel et al.,
2005

Mollusks (Helix)

Contextual memory

Gainutdinova et al., 2005

Mollusks (Lymnea)

Classical conditioning, operant conditioning

Sangha et al., 2003; Kemens et al.,
2006

Mollusks (Hermissenda)

Classical conditioning

Child et al., 2003

Honey bee (Apix)

Olfactory conditioning

Stollhoff et al., 2005

Nematodes (C.elegance)

Long-term habituation

Rose & Rankin, 2006




Pa3nunuua B MONEeKYINAPHbIX MeéXaHNn3mMmax

A KOHCconuaauum n pekoHconuagauum
©

Finding Species
Young, weak memories are more sensitive to disruption by protein synthesis inhibitors (IP application) after Mouse
reactivation of contextual fear conditioning than are older, stronger memories
Requirement for protein synthesis and glycosylation as well as induction of ¢-fos after training or reactivation of  Chick
passive avoidance are anatomically and temporally different
Protein synthesis in the central nucleus of the amygdala is required for consolidation but not for reconsolidation Rat
of conditioned taste aversion
A reactivated contextual fear memory is only temporarily disrupted by protein synthesis inhibitors {IP Mouse
application)
New memories are more susceptible to disruption by protein synthesis inhibitors (SC application) after Rat
reactivation than are old memories
Protein synthesis inhibition {ICV application) after recall causes a temporary deficit of passive avoidance Chick
memory. The sensitive period after recall is shorter than after training
Protein synthesis is required in the nucleus accumbens for consolidation, but not for reconsolidation of Rat
instrumental learning
In auditory cortex, protein synthesis is required for consolidation but not for reconsolidation of a tone Gerbil
discrimination task
c-Fos expression is induced in different brain areas during consolidation and reconsolidation of an odor-reward Rat
association
Hippocampal protein synthesis is required for consolidation but for not reconsolidation of inhibitory avoidance Rat
memory
Hippocampal protein synthesis and C/EBP are required for inhibitory avoidance consolidation, but not for Rat
reconsolidation
Different areas are activated during encoding and retrieval of episodic memory Human

“Abbreviations: C/EBPB, CCAAT enhancer binding protein B; ICV, intracerebroventricular; [P, intraperitoneal; SC, subcutaneous.

Alberini, 2005



" As you know, | am working on the
assumption that ... the material present in
the form of memory-traces being subjected
from time to time to a re-arrangement in
accordance with fresh circumstances - to a
re-transcription. Thus what is essentially
new about my theory is the thesis that
memory is present not once but several
times over, that it is laid down in various

species of indications.".

Freud in a letter to his friend Fliss (1897)
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KoHconuaauma namMsaTU BO CHe
T

Seminal experimental findings:

1. Neuronal firing rates observed during waking experience recur in
the hippocampus during ensuing SW and REM sleep (Pavlides and

Winson 1989);

2. Blockade of protein synthesis during sleep impairs memory
acquisition (Gutwein et al. 1980).



Perynauusa akcnpeccuu reHoB BO CHe

A

cell
signalling

=]

Wakefulness

Sleep

Cb

Cb

Cx

(acquisilgn, potentiation)
(Arc, BDNFE, NGFI-A, etc)

ener gy metabolism
\(mitochondrial genes, GLUT L)

transcription
(positive regulation)
\{(Per2 NGFI-A NGFI-B, CHOP)
transiation
(negative regulation)
(PEKD

stress response &
unfolded proteln response
(HSFs BiF Grp94,etc)

synaptic plastici
(consolid:tlon, apression)
(calcinewrin, CalMKiv)

b traffl
lz-n rane cking

ance
(Rabs, Arfs, NSFEetc)

cholesterol biosynthesis
(FHMGCoA synthase, eic)

tramscription
(negative regulation)
(NF 1, 1d2 etc)
translation
(positive regulation)
(@EF2,elF4AID

depolarizati on-sensitive hyperpolarization-promoting
(COX2,Rgs2, TPA eic) (leakage)
(TREK-1,TASK-1)
tamater GABAer,
. olrann'llnfﬂ m-":nndon
(Alar;p Homrezc) ¥ (dig 3, gephyrin, etc)

Tononi et al. (2004)




Zif/268 expression during sleep after
new experience and LTP
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Ribeiro & Nicolelis (2004)



Two-stage model for the role of sleep
INn memory consolidation
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ObbACHEHME OONMTOBPEMEHHOIO NoAaePXKaHUS
N3MEeHEHHOro goeHoTuna HenpoHa

[pyrne monekynsipHble MexaHu3mbl
nogaepXXaHma NaMmsaTy:

« AyTodocchopunupoBaHue 6enkoB
* [1lpnoOHHLIE BENKM B CMHAncax

* ONUreHeTUn4YecKmne NepecTponKkmn XxpomMaTuHa rnpu
00y4yeHnn

* CuHTes HoBou OHK npun popmmpoBaHmnm namaTm



BnuaHne cybcTpaTtHbIX MHTIMOUTOPOB
[NHK-nonnmepas Ha dpopmmpoBaHne gonroBpemMeHHOM
NaMaTU Y UbINSIAT B MOAENN BKYCOBOW aBepPCUn

* p<0.05, # 0.05<p<0.06, kpuTEPUIA X2

BrdU — cTpykTypHbIt aHanor IdU —
5’-6pomM0o-2’-Ae30KCMypnanH
(100 mr/kr)

AMT - 3’-aMnHO-3’-0Ee30KCUTUMUONH,
nHrnonTop AHK-nonumepas wmpokoro
cnekTpa genctena (10 mr/kr)

AZT - 3’-a3ngo-3’-0e30KCUTUMUONH,

NHIMBUTOP 0BpaTHOM TpaHCKPUNLMK
(30 mr/kr)

KAantisrecannopa Aunvizu 20N



3aknJvyeHume:

« [MamATb B HEPBHOW CUCTEME CMOCOOHa COXPaHATLCA rogaMu;

« [na nHMumMauuu 1 noaaepxaHnsa aToro npolecca HeobxoaMma akTMBaLmS
9KCNPEeCcCcumn reHoB 1 ANUreHeTUYeCKne NeEPeCcTPOKM XpoMaTHa B HEPBHbIX
KneTkax;

« OpaHako, 3TOro No-BUAMMOMY HEAOCTATOYHO;

« Bo3moXHO, nogaepxaHne naMmaT B TEYEHME MHOMUX JIET UCMONb3yeT
MeXaHU3M ee perynapHon peaktmeauum B pasfinyHbIX CUTYyaLnax
(HaNnoOMWHaHMSA, COHTaHHble BOCNOMMUHAHUSA, COH, HEOCO3HaBaemad
aKTuBauma rnpu n3sredeHnn gpyrnx BOCNOMmMHaHMM), ConpoBoXaaroLenca
peKoHoconuagaunen namsTu.

« B ocHoBe pekoHconuaaumm Takke nexxat JoNroBpeMeHHbIe KITeTO4YHO-
MOMNEKYNAPHbIE NPOLECChI, KOTOPbIE MOTYT OTNMYATLCA OT KNETOYHO-
MOMNEKYNAPHBLIX MEXaHN3MOB KOHCONUAALWU;

« OgHako BO3MOXHO, YTO €CTb U ApYyron, euie HEN3BECTHbLIN HaMm,
MOJIEKYNSAPHbIN MEXaHWU3M NepMaHEHTHOro coxpaHeHus peHoTmnna
HenpoHa, UI3BMEHEHHOrO B pe3yrnbraTe 0bydeHus.

 Ero ctout uckartb...






