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NamMATb — 3TO MHOro MHopMaLuMn Ha «CcKnage»,
KOTOPOM Mbl NOSIb3yeMcA NO mepe HagobHoCTU- 7




[MamsTb — pe3ynbTaT 00y4YeHus

[MlamMaTeh — cnoco® aganTaunn K MEHAKLWMMCS
yCNOBUAM

[lamaTb: KpaTKOBPEMEHHASs, MPOMEXKYTOYHAs,
[NONroBpEMEHHas

OCHOBHOW MexaHW3M 4ONroBPEMEHHOW
NaMATU — CUHaNTU4Yeckasa NnacTU4YHOCTb



Kak BO3HMKAET M KaK XpaHHUTCS
nHpopmauus 00 U3MECHEHUH
AKTUBHOCTH B CHUHarncax?




dopmMmupoBaHne HOBOW
namaTy HEBO3MOXXHO
0e3 cuHTe3a benka.

CpenHee BpeMS XU3HW
0enkoBOU MONeKynbl —
OHW

Ecnn namMaTb

opmMmupyeTtca c
yyactunem 0enkos u
XpPaHWUTCA rogbl, TO

OOMKeH ObITb
MexaHu3m pukcaunm
N3MEHEHUS
KOHUEeHTpauyun benka.




Tail

1) Late-phase 1) LTP
presynaptic 2) Upregulation of
function
2) Late-phase
hyperexcitability 9) 2;";;::‘;“ o
signal

». Other postsynaptic
changes

neuron

Roberts & Glanzman, 2003




CyuwecTBYOT Nu TabneTku Ans ynyyweHUs namaTn?

B mapte 2009 roga raserta «Hblo-Mopk TailMc» TOpXecTBeHHO obbsaBuna,

4YTO yyeHble 3 MeguuunHckoro ueHTpa B bpyknuHe nog pykosoacTBom Aoktopa Cakropa
oTkpbinu OCHOBY CTABUJNIBHOCTW: «MmoneKkyny namaTu», BO3AEUCTBYS HA KOTOPYIO
MOXXHO ByaeT Bckope cTupaTb B MO3ry Yenoeeka nwoboe HexenarenbHoe emy
BOCMNOMUHaHUE, TeM cambiM obnerdas emy BCO NOCNeayLYy XU3Hb.

®epMeHT npoTenHkuHasa M-3eTa cuMTaeTcs OAHUM U3 KIOYEBbLIX 3NEMEHTOB
MeXxaHu3mMa AOoNroBpeMeHHon NnamMaTh (3To ObINo YCTaHOBNEHO HECKONbKO NET Hasaj),
oAHako bonee BCero OH — ecnu BepuUTb aBTopaM — UHTEPECEH TEM, YTO C ero
NOMOLLLbIO COXPaHAIOTCA TONbKO KOMMNNEKCHbIE BOCMOMUHAHUA, AeTanbHas uHopmauymns
O COBEpLUEHHbIX AEUCTBUAX U NepexunTbix notpaceHuax. CnegosartenbHo, Npu
BbIDOPOYHOM YHUUTOXEHUN MONEKYN NpoTeuMHknHasbl M-3eTa yenoBek MoXeT
«3a0bITb» O HEYroAHbIX emMy cobbITUAX U NepexuBaHuax, npudem GyHKUMOHMPOBaHWE
€ro Mo3sra He HapyLHUTCK.
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Effect of ZIP on very long-term CTA memory in the insular cortex. (A) ZIP/vehicle were
administered 3 mo after training, and memory was tested 2 d later. The dashed line indicates equal
preference for the CS and water, i.e., Al = 50. (B) ZIP/vehicle/scrambled ZIP were administered 1 mo
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LTP induction
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PKMCZ formation in LTP. The protein kinase C,

zeta (PRKCZ) gene has two promoters, one

producing a full-length protein kinase C{ (PKCQ)
from exons encoding a regulatory domain (Reg;

‘shown in red) and a catalytic domain (Cat; shown

in green). In neurons, an internal promoter
produces a ‘pl'hl’éfn”klniai M (PKMZ) mRNA that
encodes a { catalytic domain without a regulatory
domain. The PKM{ mRNA is transported to
dendrites and is translationally repressed by PIN1

" (protein interacting with NIMA1). During long-term

potentiation induction, multiple signalling
pathways stimulated by NMDAR activation are
required to release the translational block. Once
synthesized, PKMZ binds to and is
phosphorylated by phosphoinositide-dependent
protein kinase 1 (PDK1), which increases the
constitutive kinase activity of PKM{. PKM( then
initiates a positive feedback loop through
inhibition of PIN1 to maintain increased dendritic
translation of the PKM{ message. PKM{
potentiates AMPAR responses by increasing the
number of the receptors in the postsynaptic
density through the action of the trafficking protein
N-ethylmaleimide-sensitive factor (NsF).

CaMKIl, Ca2+/calmodulin-dependent protein
kinase II; glu, glutamate, MAPK, mitogen-
activated protein kinase; mToR, mammalian
target of rapamycin; PI3K, phosphatidylinositol 3-
kinase;, PKA, protein kinase A



ViccnegoBaHUA nokasanu, YTo namMmsaThb
0bpa3yeTcHa 3a HECKOJIbKO YacoB —
OHEeW, HO nocne nepunoga
KOHCconuaauunm XpaHUTCA NOCTOAHHO
nyTemM NoKanbHOro

camoBocnpoussegeHns 6enkoBbIX
MOREeKyn.

LOpyrumn cnosamu, monekyna PKMz
OCTaeTCA KPUTUYECKMM KOMMNOHEHTOM
NaMATU NOCTOAHHO U ABNAETCSA
OCHOBOW CTabUIIbHOCTU NAMATM.



Fig.1
Two different contexts: ball and glass OauHakoBO N
YCTPOEHbI XpaHUNULia
NamMATU y pa3HbIX
XUBOTHbIX?

CONTEXT 2 (ON THE GLASS)
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Balaban et al. Frontiers in Cell. Neurosci, 2015 after injections



< Nomin_,

Cul s

LPa2

C

Mormalzed EFSF ampitude

MHomalized EP SP amplifude D

3,0

EF&SP
R0 EED  CEZED '
LP&al
tetanus  tetanus  tetenus |
100 sl 1100 arrapl 100 sl
10Hz 1iHz [ F
spike
LPMVI
10 mY v
b c +
L LTt F T
15 FLT
VI neurons
I_] == 2IF =11
- 0= so@P, n=13 nervus
e ribtol, e dE EI.Itlﬂ'II.I

2.0

1.54

1.0+

0.5

tetarzatiors SHT ZIPgcZ|F [
D.ﬂ Ld L L] L L3 E |
50 0 50 100 150 200 250

fime afer the first telanus, min

1.5 1

1_l:|. s

0,5 1

&~ DF (=T
== poIP(ne
=& contrel (ne3)

0.0

L

100 150 200 250 300

(putative glutamatergic)

MOl S naphe Connediions

e N "

LPV)

-
« 08 A

L
#1015 nA

giant
withdrawal
intemeuron (Faz, Fa3d)

Ml
&hit K

nearvus
intestinalis

TR S

LFa2 /

¥
L

mlestmal nerve infasimal nerve

shock BY, Ims shock TV, In




MoXHo nNu cTepeTk UNKU UCKYCCTBEHHO CO3aTk B MO3re XXMBOro OpraHuama naMaTk O TOM, Yero He 6bino?

" 85

Basal Memory Molecular Artificial
Level Formation Labeling Activation

Basal Context A Molecular Context B Context A
Level Neutral memory Labeling Light + Shock Fasle fear memory

Memory Engram Cells Have Come of Age. Neuron 87, September 2, 2015 Susumu Tonegawa, Xu Liu, S Ramirez, R Redondo

Figure 2. Optogenetic Manipulations of Memory Engram Cell Populations (A) Light activation of memory engram cell population
caused memory recall. Neurons active during the formation of a contextual fear memory were labeled by ChR2. When these neurons
were artificially activated by light stimulation in a different context, the animals displayed freezing behavior, indicating the recall of the
previous context associated with fear.

(B) Generation of a false contextual fear memory. Neurons active in a neutral context were labeled with ChR2 and later reactivated
by lluht ina dtmnnt mntuxt whllu l:ha nninih amltu'unmlyrmlﬂnd hnt lhol:k. W'hm thu nni'mli m nuh.mud tu Ihn oﬂﬁml




* UIBSBECTHO:
« NO Heobxoanma ans nnacTUYHOCTU CUHANCOoB

* NO B ManeHbKnx KOHUEHTpaUnsxX aktTuBupyer
CUHTE3 DEenKkoB, a B 00NbLUNX KOHLUEHTPaLNSX
HUTPO3UNUPYET DEenkn, N3MEeHSAS nx
KOH(pbopMaLuuio

 BOlPOC:
7 NO yyacTByeT B CTUPAHUN NAMATU?
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Nitrosylation is a protein modification in which a nitrosyl group is
post-translationally added to a protein.

S-nitrosylation, discovered by Joseph Loscalzo, is an important
biological reaction of nitric oxide; it refers to the conversion of thiol
groups, including cysteine residues in proteins, to form S-
nitrosothiols (RSNOs). S-Nitrosylation is a mechanism for dynamic,
post-translational regulation of most or all major classes of protein.



o KOHCONMMAAUUA NaMaTU —
rTMNOTETUYECKNIM npoLecc, Habnaaembli
cpasy nocne obpasoBaHUA Ha4YarbHOW NaMATU
N oTpaxarLwmmn opmMupoBaHue 1
cTadbunuaaumo NnamaTn

» PekoHconmnaaLmnsa —npouecc noBTOPHOM
ctabunusauum namaTtn, Habnwgaembin Npu
aKkTUBaUUKM NamMmaT N oTpaxkaroLmm
BO3MO>XHOCTb U3MEHEHUSA KOHCONUANPOBAHHOW
NaMaTH
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Fig. 4  Reminder (Experiment 2)
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Protocol of a context conditioning experiment
with anisomycin/L-NNA injections 20 min
before the reminding. T, T1, T2 - tests for
context conditioning.

Fig.5

Reminder (Experiment 2)

Averaged amplitudes (+SEM) of withdrawal
responses in three groups of snails measured
in two different contexts: on the ball (reinforced
context) and on the glass. Group1 (G1), n=8;
Group2 (G2), n=7; Group3(G3), n=5.

Y axis — amplitude of tentacle withdrawal

in % of the length before the test.
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OcHOBOWM CTabOUNBbHOCTU NAMSATU MOXET
661Nk Monekyna PKMz u ee romonoru,
KoTopble 06nagatoT CBOUCTBOM
NTOKanbHOro camonoaaepXaHus
KOHLUEHTpaLuun.

OCHOBOW NNACTUYHOCTU NAMSATU MOXKET
ObITb NTOKarnbHas NPoayKUMA okcuaa
azora, JIOKAJIbHO meHswowas
dyHKUMKM OenkoB cTabnUNbHOCTU
namMsTu.



[TOYEMY Mbl SABbIBAEM?






PEKOHCOJIMOALIUNA:

HEOBXOOANM CUHTE3 HOBOI'O
BEJIKA

SABUCUT OT NPOYHOCTU NAMATU

SABUACUT OT NAPAMETPOB
HATTOMWHAHWA

SABUNCUT OT JINTEJIBHOCTW
COXPAHEHUA NAMATA

?3ABUCUMOCTDb OT AKTUBHOCTW
CUCTEMBbI NOAKPEINJTIEHNA?



KOHTEKCT 1

KOHTEKCT 2
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FEEDING STIMULI CONTEXT STIMULI
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BbiBOAbI

« BnepBble NoKazaHa He0OOXOAUMOCTbL aKTUBaLMK
HEMPOHaNbLHOW CUCTEMbI NOAKPENNEHUSA NPU peakTuBaLum
06CTaHOBOYHOW NaMATU ANA 3anycka npouecca
noaaepXaHus namaTw.

» HeWpoHbI CeTU NaMATU Ha KNKYEBON CTUMYN (NULLA)
NnPeTepneBanT acCoLnaTUBHbLIE UBMEHEHUS, XPaHEHWE
KOTOPbIX HE 3aBUCUT OT NOAKPENNSALLEN CUCTEMBI

« Bbnokaga akTMBHOCTU HEMPOHOB CUCTEMbI NOAKPENnseHUs
npuBoamT K (1) ObICTPOMY yraweHuro o6cmaHo804YHOU
namMssmu npu peakrtuBauum u (2) ocnabneHuro namMssmu Ha
nuuwesou cmumyJsi 3a CH4eT UCHEe3HOBEHUS
06CTaHOBOYHOro KOMIMOHEHTAa NaMATW.

Mbl 3a0biBaem (Moauncuumpyem namaThb), Korga
MHOrOKpaTHO aKTUBMpPYyeEM namaTb 6e3 yyacTus
noakpennawwwux cucrem mosara!l



