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MOJIEKYIJIAIPHBIE MEXAHU3MbI
POPMUPOBAHUA, XPAHEHUSA U
N3BJIEYHEHUA TTAMATU
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NHCTUTYT BbICLLEN HEPBHOWU
OeATeNIbHOCTM N HeUPOU3nonornm
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MamaTb — 3To MHOro nHopmMauunmu Ha «cknagey,
KOTOPOM Mbl NONb3yeMcs No Mepe Haf00HOCTU- ?




lamMATb — pe3ynbTaT 00y4YeHus

"lamsaTb — cnocob aganTauum K MeHAKLWMMCS
YCNOBUSAM

laMATb: KpaTKOBPEMEHHAs!, MPOMEXYTOYHas,
[ONroBpeMeHHas

OCHOBHOU MEXaHM3M O0SITOBPEMEHHON NaMSATU —
CUHanTnyeckast NnacTUuYHOCTb
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CuHancbl — MHPpPaACTPYKTYpHad OCHOBAa NamMATU

CywiecTBYIOT N1 TaOneTkn gnsa ynyJvweHus
namaTun?

OOouHaKoBO NN YCTPOEHbI XpPaHUINULLA NaMATU Y
Pa3HbIX XKUBOTHbLIX?

Mo>XXHO N cTepeTb NN NCKYCCTBEHHO co3aaTh B
MO3re XXUBOro opraHusmMa namMmsaTb O TOM, 4Yero He
Obino?

MOYEMY Mbl SABbIBAEM?
4YTO Mbl 3ABbIBAEM?



Kak BO3HMKAET U KaK XPaHUTCS
nH(popMalus 00 N3BMEHEHUHN
AKTUBHOCTH B CHHAIICax?




dopmMmumpoBaHMe HOBOU NMamMsATH
HEBO3MOXHO 0e3 cuHTe3a bernka.

CpeaHee BpeMs XnU3HN DENKOBOW
MOJIEKY bl — AHU

Ecnu namatb dpopmupyeTtcs c
yyacTnem 6enkoB 1 XxpaHUTCs rogbl, TO
OOJSKEH ObITb MeXaHU3M puKkcauunm
N3MEHEHNS KOHLIEHTpaLUun berka.




CUHATNTUYECKMNE MEXAHN3Mbl 3BOJIFOUNOHHO KOHCEPBATUBHbI!
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Roberts & Glanzman, 2003



CywiecTBYIOT N1 TabneTku Aonsi ynyJleHns namMmaTn?

B mapte 2009 roaa raseta «Hbto-Mopk Tanme» TopKeCTBEHHO 06bsABMNa,

4YTO ydeHble n3 MeguumHckoro ueHTpa B bpyknnHe nog pykosoactsoM goktopa Caktopa oTkpbinu OCHOBY
CTABUJIbHOCTW: «monekyny namMmaTu», BO3OENCTBYS Ha KOTOPYO MOXHO ByaeT BCKOpe CTUpaTb B MO3ry
Yyenoseka Noboe HexenaTtenbHoe eMy BOCMOMUHAHME, TEM CaMbIM 0brerdasi emy BCHO MOCHeaYHLLYH KU3Hb.
depMeHT npoTenHknHasa M-3eTa cuntaeTcs oOgHUM U3 KINKOYEBBLIX ANIEMEHTOB MEXaHW3Ma LOSITOBPEMEHHON MNaMATH
(3TO 6bINO YyCTAHOBMEHO HECKOMbKO NET Hasad), ogHako bonee BCEro OH — ecnv BepUTb aBTopaM — UHTEpeceH
TEM, UYTO C €ero MOMOLLULID COXPaHAKTCA TONbKO KOMIMJIEKCHbIE BOCMOMUWHAHWA, AeTanbHad WH@opmauma o
COBEPLUEHHbIX OAEUCTBUSX N NEPEXNTLIX NOoTpAceHusx. CnegoBaTesibHO, Npu BbIBOPOYHOM YHUUYTOXEHUN MOSEKYI
NpoTeMHKNHA3bl M-3eTa 4enioBEK MOXET «3abbITb» O HEYrogHblX €My COObITUAX U NepexuBaHUNAX, MPUYEM
doyHKLMOHMPOBAHME €ero Mo3ra He HapyLLUUTCA.
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[IpOoTENH-KMHA3a
M zeta

KOHCTUTYTUBHO aKTUBHaA
nsodgpopma
npoTenHknHasbl C (PKC)

Y4yacTByeT B XpaHeHUU
NamMATH
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PKM( formation in LTP. The protein kinase C, zeta
(PRKCZ) gene has two promoters, one producing a full-
length protein kinase CC (PKCC() 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 protein kinase M (PKM{) 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, PKMC( binds to and is phosphorylated
by phosphoinositide-dependent protein kinase 1 (PDK1),
which increases the constitutive kinase activity of PKMC.
PKMC then initiates a positive feedback loop through
inhibition of PIN1 to maintain increased dendritic
translation of the PKM{ message. PKMC( 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 Il;
glu, glutamate; MAPK, mitogen-activated protein kinase;
mToR, mammalian target of rapamycin; PI3K,
phosphatidylinositol 3-kinase; PKA, protein kinase A



lccneaooBaHUsA nokasanu, YTo NamMsThb
obpa3syeTcs 3a HECKONbKO YacoB — AHEN, HO
nocrie nepuoga KoHconmaaunm XpaHUTCA
NOCTOAHHO MYTEM NOKaNbHOrO

CaMOBOCIPOU3BEOEHNST DENKOBbLIX MOMEKYI.

[Hpyrumu cnosammn, monekyna PKMz octaeTcH
KPUTUYECKMUM KOMMNOHEHTOM MaMsATU NMOCTOSAHHO
N ABNAETCHS OCHOBOU CTabUIIbHOCTM NaMATH.



Fig.1
Two different contexts: ball and glass

OanHakoBO nun
YCTPOEHbI XpaHUnuLia
NamMATU Yy pa3HbIX
XXUBOTHbIX?

CONTEXT 2 (ON THE GLASS)
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YeHHenpoaoncnH2 — CBETOaKTUBMPYEMbIV
KaHarn, BblaerneHHbI N3 OOQHOKIETOYHOMN




MoXxHo nun cTepeTb UIin NCKYyCCTBEHHO CO34aTb B MO3re XXmBoro opraHm3ma namsAaTb o TOM, 4ero He ObIno?

. 5§55

Memory Molecular Artificial
Level Formation Labeling Activation

Basal Context A Molecular Context YB 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 light in a different context while the
animals simultaneously received foot shock. When the animals were returned to the original neutral context, they displayed fear response, indicating the recall of a false memory
associating the neutral context and the foot shock. 20






N3BECTHO:
NO Heobxoguma ang nnactuyHOCTU CUHAaNCcoB

NO B ManeHbKnUX KOHUEHTPaLUUAX akTUBUPYET CUHTES
6enkoB, a B O0MbLUMX KOHLUEHTPAUNAX HATPO3SUINMNPYET
B6enkun, N3MeHsas1 X KoHdopMaL Mo

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

N S-nitrosylation, discovered by Joseph Loscalzo, is an important biological

\} reaction of nitric oxide; it refers to the conversion of thiol groups, including
O 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.


http://en.wikipedia.org/wiki/File:Nitroso-compound-2D.png
http://en.wikipedia.org/wiki/File:Nitroso-compound-2D.png

— MMNOTETUYECKUW npoLiecc,
HabngaemMosin cpasy nocne obpasosaHUa Ha4yanbHOU
namMsTn U oTpakarLlmm dpopMmmpoBaHme n ctabunmsaumto
namaTu

—MpoLecc MNOBTOPHOM CTabunusaumm
namMmsiTv, HabngaemMbin NPU akTUBaLIUN NAaMATU U
oTpa)KaroLnMm BO3MOXHOCTb UBMEHEHNA KOHCONMMANPOBaAHHOW
namsaTu



Consolidation
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STM LT™M
Short-term memory Long-term memory
Active state ———— |nactive state
AS Reconsolidation IS

ﬁ Reactivation ﬁ

3ABUCUT OT HE SABUACUT OT
CUHTE3A BEJIKA! CUHTE3A BEJIKA!



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)
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Shocks Reminder

Averaged amplitudes (tSEM) 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.



%

80 -

70

60

50

40

30

I glass
] ball

G1 - Anisomycin n=10

G2 - Anisomycin+PTIO n=5

G3-PTIO n=4

h

G1 G2 G3
T, before learning

Shocks

Balaban et al., Europ. J. Neuroscience, 2014

G2

T1, after learning
Reminder + drugs

T2, after reminder



OCHOBOW CTAOUNMBbHOCTU NAMATU MOXET Oblfb
mMonekyna PKMz n ee romornoru, Kotopblie
obnagarT CBOUCTBOM J10KarbHOMo
camonoaaepXaHmnst KOHLUEHTpaLnn.

OCHOBOW NMAaCTUYHOCTU NMaMATU MOXET ObITb
nokanbHaga npoaykums okenaa asota, JIOKAJIbHO
MeHALWaa PyHKUnn 6enkoB CTabnbHOCTH
namMmsTi.



[TOYEMY Mbl SABbIBAEM?
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PERCENTAGE OF FEEDING RESPONSES
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NMOCNE OBYYEHUA HEUPOHbI NOAKPEMJIEHUA HE HYXHbI
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Consolidation

&7 W

STM LT™M
Short-term memory Long-term memory
Active state  ————— nactive state
AS Reconsolidation IS

ﬁ Reactivation ﬁ
3ABUCUT OT CUHTES3A BEJIKA! HE 3ABUCUT OT CUHTES3A BEJIKA!
HEOBXOOUMA AKTUBHOCTb HE HY>KHA (?) AKTUBHOCTb

NOAKPEMNAKOLWUX CUCTEM NOAKPEMNAIOLWNX CUCTEM



PEKOHCOJIMOALUUA:

HEOBXOOVM CUHTES3 HOBOI'O BEJIKA

SABUCUT OT INMNPOYHOCTW NAMATU

SABNCUT OT NAPAMETPOB HANMOMWHAHWNA
SABUCHUT OT AIMNTEJIBHOCTU COXPAHEHUA NMAMATU

?3ABNCMOCTb OT AKTUBHOCTU CUCTEMBI
NOAKPEIMNIIEHNA??

34
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PERCENTAGE OF MAXIMAL RESPONSE
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PERCENTAGE OF MAXIMAL RESPONSE

80

- -glass OBDCTAHOBOYHAA INAMATD
® G1-57DiHT+reminder N=15

W - ball

G1

T0

-

G2

G1

TRAINING

T

@ G2 -saline+treminder N=10

G2 Gl G2 G1 G2 G1

T2 T3

5,7-DIHT A NiIsomYcIN

T4

G2

Balaban et. al., Sci. Rep. 2016



CUTHAJIbHAA NAMATD
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FEEDING STIMULI CONTEXT STIMULI
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PRESYNAPSE Glu

G proteirgcoupled
receptors

S-nitrosylation

Balaban et al., Sci. Reports, 2016



BbiBOoAbl

 BnepBble nokazaHa He06X0AMMOCTb aKTUBALUU HEMPOHANbHON CUCTEMbI
noAaKpenseHus Npu peakTuBaumm o6CcTaHOBOYHOMN NaMATU ANSA 3anycka
npolecca nogaepXaHmMsi NamsaTy.

* HenpoHbl ceTn namaTK Ha KIlYeBOW CTUMYIT (NKULLLA) NpeTeprneBatoT
accoumaTuBHble N3MEHEHNSA, XpPaHEHME KOTOPbIX HE 3aBUCUT OT MOAKPENnAaoLLeN
CUCTEMBI

 Brnokaga akTMBHOCTU HEUPOHOB CUCTEMbI noAaKpenneHusa npumeoauT K (1)
ObICTPOMY yrawleHUo ob6cmaHo80YHOU naMsimu NPV peakTuBaunm u (2)
ocrnabneHuro namsimu Ha nuuwesou cmumMysi 3a cH4HeT NCYEe3HOBEHUSA
00CTaHOBOYHOIO KOMMOHEHTa NamMsATH.

Mbi 3abbiBaem (Moaudmumpyem namMaTb), Korga MHOroKpaTHO akKTUBUpPYeM
namMsaTb 6e3 yyacTtusi noagKkpensnsawWmx cuctem mo3ra!



I'm off to experiment f




