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Kak BO3HUKAET U TJI€ XPaHUTCS
nH(pOopMaLs 00 N3MECHCHUH
AKTUBHOCTH B CHHAIICax?

CTABUJIBHOCTDB VERSUS
INIACTHYHOCTD




dopmnpoBaHme HOBOM
NaMATN HEBO3MOXXHO
b6e3 cnHTesa bernka.

CpeaHee BpeMs XXU3HU
6erikoBon MoneKkynbl —

OHW

Ecnn namatb

doopmupyetcs ¢
ydactTnem 6enkos U
XpaHWUTCA roabl, TO
OOSMKEH ObITb
MeXaHn3M donkcauunm
N3MEHEHUS
KOHLIEeHTpaumun benka.




MexaHnambl CMHaANTU4YeCKOU NNacTUYHOCTU
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2 Lato-oh function
) Late-phase 3) Stimulation of
hyperexcitability retrograde
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Vesicle \
PKA mobilization

5 Other postsynaptic
changes

K* channel
Sensor e Motor
i eurony Retrograde
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Roberts & Glanzman, 2003



MOJIEKYJIA TTAMATIN?

B mapTte 2009 roga raseta «Hblo-Mlopk TanMcy» TOp>KeCTBEHHO 06bsABMNa,
4yTO yyeHble n3 MegmumHckoro ueHTpa B bpyknuHe noa pykosoacTBoM goktopa Cakrtopa
oTkpbiin OCHOBY CTABUJIBHOCTWU «monekyny namsaTtn», BO3OEUCTBYS Ha KOTOPYHO
MO>XHO OyaeT BCKOpe CTMpaTb B MO3ry YerioBeka foboe HexenaTenbHoe eMy
BOCMNOMUHaHME, TEM caMbiM obrieryasi eMy BCHO NOCNEAYOLLYH KNU3Hb.
depmeHT npoTenHknHasa M-3eTa cumMTaeTcsa O4HUM U3 KIHOYEBBLIX 3NIEMEHTOB
MexaHn3ama gonroBpeMeHHoOW NnamsaTh (3To BbINo ycTaHOBNEHO HECKOMBbKO NEeT Hasan),
oaHako bonee BCEro OH — ecrnn BepuTb aBTOpaM — UHTEPECEH TEM, YTO C ero
NOMOLLbIO COXPaHAOTCA TONMLKO KOMMSIEKCHbIE BOCMOMUHAHUSA, AeTarbHas nHpopmMmauus
O COBEPLUEHHbIX AENCTBUAX U NEPEXNTbIX NoTpsaAceHnax. CnegosarteribHO, Npu
BbIBOPOYHOM YHUUTOXEHUN MONEKYN NPoTENHKMHA3bl M-3eTa 4ernioBek MOXET «3a0bITb»
O HeyrofHbIX eMy CODbITUSX U NepPeXnBaHNAX, Npn4yemM QPyHKLMOHNPOBAHWE ero Mo3ra
He HapyLunTCS.
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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
after training, and memory was tested 12 d later. Saccharin was the CS in both A and B.



PKm(¢

[1pOoTEnH-KMHa3a
M zeta

KOHCTUTYTUBHO
aKTuBHas
nsodoopma
NnpoTenHknHasbl C
(PKC)

Y4yacTByeT B
XpaHeHNN NamMATH



PKM(¢ formation in LTP. The protein kinase C,

zeta (PRKCZ) gene has two promoters, one
producing a full-length protein kinase C¢ (PKCJ?)
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
J dendrites and is translationally repressed by PIN1
f; (protein interacting with NIMA1). During long-term

/ potentiation induction, multiple signalling

hY

LTP induction \

\l
I—Postsynaptic %l

density b=
/ |CaMKIl, PI3K,
NMDAR f b *\*‘”/ M?AP K, PKA,
"%?’@ *MTOR, actin

Glu / Releases :'

pathways stimulated by NMDAR activation are
required to release the translational block. Once
synthesized, PKMC( binds to and is
phosphorylated by phosphoinositide-dependent
I' protein kinase 1 (PDK1), which increases the
constitutive kinase activity of PKM{. 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).

|
Transported ‘.
to dendrites % /"

translational

block
\ﬁ PKMT

CaMKIl, Ca2+/calmodulin-dependent protein
AMPAR ‘\ I kinase II; glu, glutamate; MAPK, mitogen-
| {m} JPIN1 PKMI mRNA activated protein kinase; mToR, mammalian
g T (translationally target of rapamycin; PI3K, phosphatidylinositol 3-
o

\ repressed)

kinase; PKA, protein kinase A



mmy = PSD-95
= = palmitoylation

# =PKMC
Y =GluR2
ZIP PKME
Treatment Overexpression
E*3
#*

| PSD-85 aggregation 1 PSD-95 aggregation
| postsynaptic GluR2 1 postsynaptic GIuR2
| Mushroom Spines ? 1 Mushroom Spines ?

Figure 1. Model of Spine Morphology to the Increases and Decreases of PKMC Activity



IccnegoBaHUA nokasanu, YTo namMmaTb
obpa3yeTca 3a HECKOSbKO YacoB —
OHEW, HO nocre nepunoaa
KOHCcOoNMaaLunun XpaHUTCS NOCTOAHHO
NyTEM fOKanbHOro
caMoBOCMNpon3BegeHnUsa 6enKoBbIX
MOJIEKYI.

LOpyrumun cnosamu, monekyna PKMz
OoCTaeTca KPUTUYECKUM KOMMNOHEHTOM
NamMsaTU NOCTOAHHO U ABNSETCS
OCHOBOW CTabUIIbHOCTN NaMATW.



CTABUJIBHOCTD VERSUS IINIACTHYHOCTD

 KOHCONMMaauna namaTm —
rTMNOTETUYECKUN NpoLLecc, Habrnogaembin
cpasy nocne obpasoBaHUA Ha4yanbHOMN NaMATH
N oTpaxarwLmm doopmMmpoBaHme u
cTadbunnusauno namsaTu

 PekoHconnaauuna —npouecc
aecraobunusauum namaTn, Habnwgaembin npu
HaNoOMMHaHNN N OTPpa)katoLMn BO3SMOXHOCTb
M3MEHEHNA KOHCONMMANPOBaAHHOU NaMATH



Fig.1
Two different contexts: ball and glass

CONTEXT 2 (ON THE GLASS)



PROTOCOL 1 Protocol of context

different contexts.
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| WT I experiment (A)
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935100 N=11 "= m Ball remindinggB -
2 0 m Glass averaged
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| earnina & Memorv. 2005



Percentage of maximal response, %

A PROTOCOL 2 Reminder

Shocks Testing
\
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Days
B Anisomycin/Saline
1001 N=15 N=16 gm Ball
g Glass
60
40

N=15

20

Il

Naive

o

Protocol of a context
conditioning
experiment (A) with
anisomycin/saline
injection immediately
after reminding. B -
averaged amplitudes
(xSEM) of withdrawal
responses in three
groups of snails
measured in two
different contexts.
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DRSEEEGEEXVHELLMSMEDCVL  Helix — newly sequenced putative APKC from Helix lucorum CNS

DOSEFDGFEYVNELLMSMEDCV - Lymnaea — gi|327343821, Lymnaea stagnalis APKC mRNA for atypical protein kinase C

DOSEFDEFEYVNPLLMSEMEDCVR  Aplysia — gi|325297018, Aplysia californica atypical protein kinase C (LOC100533284), mRNA

DOSEFECGFEYVNPLLMSMEDCV - |ottia— ES089925.1, 2508375061 Serine/threonine protein kinase Lottia gigantea: sca_46

DOSEFEGFEYVNPLLMSLEDCVX Drosophila - gil442623742, Drosophila melanogaster atypical protein kinase C, isoform M

DOSEFEGFEY TNRLLLSAEESV - Rattus — gi|11968080, Rattus norvegicus protein kinase C zeta type

DOSEFEGEEY TNPLLLSTEESV - Homo - gi|338968874, Homo sapiens protein kinase C zeta type isoform 3

PLL 1E L

DQSEFEGFEY

n et al.,Frontiers in Cell.Neurosci. subm. 2015
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Balaban et al.,Frontiers in Cell.Neurosci. subm. 2015 after injections
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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

R groups, including cysteine residues in proteins, to form S-
nitrosothiols (RSNOSs). 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/Protein
http://en.wikipedia.org/wiki/Nitrosyl
http://en.wikipedia.org/wiki/Thiol
http://en.wikipedia.org/wiki/Cysteine

- UIBBECTHO:
« NO Heobxogmma angd nnactTuYHOCTM CUMHAMNCOB

 NO B ManeHbKNUX KOHLIEHTPALUNAX aKTUBUPYET
CUHTE3 DOENKOB, a B DOSbLUNX KOHLIEHTPALMAX
HUTPO3UNUPYET DENnKn, U3MEHAA NX
KOH(pOopMaLMIO

* BOIPOC.:
7 NO yyacTByeT B CTUPaAHUMN NaMATU?



Fig. 4 Reminder (Experiment 2)
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—mm— - days of experiment
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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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T, before leaming T1, after leaming T2, after reminder

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.
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« bnokaga cuHTesa HUTpokcuaa brnokupyet
PEKOHCONUAALUMIO — HET CTUPaHUS

«CTapon» NamsTu

Bo3Mo)XHble MexaHU3Mbl:

 bnokaga «HoBo» namaTun? — Het!
(brnoknpoBaH cuHTE3 benkos)

» CoxpaHeHue «cTtapon» namatn? — [la!

(

NTPO3UNMpPoBaHmne DEnKkoB
6nokMpoBaHo)



Ti9.2  Relearning (Experiment 1)
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Protocol of context conditioning experiment
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for context conditioning.

Fig.3
Relearning (Experiment 1)
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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=9;
Group2 (G2), n=5, Group3 (G3), n=8.

Y axis — amplitude of tentacle withdrawal

in % of the length before the test.
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OcHoBOW CTAabMNBbHOCTU MaMATU MOXET
obinb monekyna PKMz n ee romonoru,
KOTopble 00riagatoT CBOUCTBOM
JTOKanbHOro camonogaepXxXaHug
KOHLIEHTpaLW.

OcHOBOM NNACTUYHOCTU NAMATU MOXET
ObITb NOKanbHasa NpoayKUUsa okcnga
aszorta, JIOKAJIbHO meHsoLwwas

doyHKLUMKM BENKOB CTAabUNbHOCTU
namMmaTu.



CNACUBO 3A BHUMAHMUE!




