BTOpI/IL-IHbIe nocpeaHunkn. Nnpon3esoaHblie NnMnnaos

HAuayunenuyepon (OAl) n M@, aBnatTca Npon3BoAHbIMU MEMOpPaHHbIX
nunnaos. OHK CMHTesmpyroTCH n3 popatnannuHosuton-4,5-6udocdara

(OUD,).

Ca?*

CDI/ICD paspesaetcsa pocdonunason C, kotopas aktmeupyetca Gg-benkamm un
’B pesynsrate ®UD, paspenserca Ha ase monekynbl (DAl n Nd,), kaxaas

n3 KOTOprX beHKLI,I/IOHI/IpyeT KaK BTOPUYHbIN NOCPEOHUK.
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Nuclear patch-clamp electrophysiology.

A: schematic of cell nucleus, illustrating that the outer
membrane of the double-membrane nuclear
envelope is continuous with the endoplasmic
reticulum (ER), with the lumen between the two
membranes continuous with the ER lumen.

Patch-clamping isolated Xenopus oocyte nucleus (B)
and insect Sf9 cell nucleus (C) visualized on the
stage of a patch-clamp microscope, with patch
pipettes forming giga-ohm seals on the outer nuclear
membrane. Horizontal shadow over the Xenopus
nucleus is the edge of a stabilizing piece of coverslip.
Intact Sf9 cell is also present in C.
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Inositol Trisphosphate Receptor Ca’" Release
Channels

TABLE 1.Permeability and conductance properties of the InsP;:R

Permeability (P Sequence

InsPzR Channel FPea: Pa Pug: A: Par Reference Nos.

Xenopus InsP3R-1 ’ 7.6 X 32 1 0.23 276,277

Sf9 InsP3R* 10 : 6.8 : 1 0.2 196

Rat InsPaR-1" 5.2: 57 1 294

Rat InsP3R-17 6.3 : 1 33

Recombinant rat InsPsR-1% 4.3 | i 0.07 42

Recombinant rat InsP3R—3* 5.6 1 0.2 284

Sheep RyR2 6.5 2.8 5.9: | 473

Conductance (G) Sequence, pS
InsP3R Channel Gga: Gsr: Gca: Omg: GMn Reference Nos.

Rat InsPzR-1" 85 - F e 53 42 - 17 33,438

" Endogenous channel in nuclear envelope.

T Reconstituted from cerebellar microsomes, presumably the type 1 isoform.

¥ Expressed recombinant channel recorded in nuclear envelope.
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Typical single-channel current traces of X-InsP_,R-1 in various cytoplasmic Ca®*
concentrations and saturating 10 uM InsP.. Current traces were recorded during
nuclear patch-clamp experiments at cytoplasmlc Ca?* concentrations as tabulated,
in 0.5 mM free ATP. All current traces in this and other graphs were recorded at 20
mV. Arrows indicate closed-channel current level in all current traces. Channel
open probability (P_) was evaluated for the single-channel patch-clamp
experiments yielding the current traces shown in A, B, C, and D of 0.008, 0.50,
0.89, and 0.002, respectively.
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BTOpI/ILIHbIe nocpeaHnkKn. nNpon3soaHblie JinnmnaonB

OAI ocTtaeTtca B MembpaHe 1 akTUBUPYET NpoTenHKuHasy C, kotopas dpochopununpyet
cBou cybecTpaTHble Benkn Kak B MemMbpaHe, Tak 1 3a ee npeaenamu.

V®, noknaaeT membpaHy v AnpyHanpyeT B uutosone. NP, cBA3bIBaETCA CO CBOUM
peLl,eI'ITOpOM 1oKann3oBaHHOM B MembpaHe aHnonnasmaqueCKoro peTukynyma. B
pesynsrarte oTkpbiBaloTca Ca?*-kaHarnbl, nponyckatowme Ca?*-Tok u3 LucTepH
BHYTPUKITETOYHbIX AENO B LUTOMNasmy. Takum obpasom, ND,, kak BHYTPUKIETOUHBI
curHan, npomsso%m eule ogMH BTOPUYHbIN NOCPeaHUK (B ,El,aHHOM crnyyae, TpPeTUYHbIN
I'IOCpeJJ,HI/IK') Ca“*

Oenctene QAT n Nd Phosphatidylinositol

3akaHumBaeTcsi B pedynsrare Piphosphate (PIP) Diacylglycerol
MX 9H3UMAaTUYECKOrO A
npeobpa3oBaHnsa B UHEPTHbIE Phospholipase C
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AkTneaums gocdonunasbl C

HopagpeHanuH (NE) akTuBupyeT uenu BHYTPUKIIETOYHOW CUrHanmsaumm ¢ y4actmem
BHYTPMUKITETOYHbLIX IMNMMOOB B POSIM BTOPUYHLIX NMOCPEaHUKOB. HopaapeHanuH, cBA3bIBaACh C
peuenTopoM, Yepe3d G-6enok aktnsupyet dgocdonunasy C, Kotopasa ruaponnayet
ocdarngunuHosnTon 4,5-audocgat (PVd,) c obpazoBaHeM ABYX BTOPUYHbBIX MOCPEAHNKOB -
Nd, n JAT. U, cBa3biBasicb CO CBOMMM peu,enTopaMM Ha MmembpaHax sHAoNNasMaTn4ecKkoro
peTMKynylvla Bbi3blBAET BbicBOGOXAeHMe Ca’" u3 BHYTPUKNETOYHbIX ieNn0 B LMTonsasmy.
YBennueHne KoHUeHTpaLuun BHyTpukneTouHoro Ca?* aktusumpyet npotenHkuHasy C. Al Takke
aKTUBUPYET NpoTenHknHasy C.
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BTopu4yHble nocpeaHNKN: apaxmaoHoBas K1cnoTa
CUHTE3 N NPOnN3BOAHbIE

OAI (oToeneH KpacHbIM MYHKTUPOM) SIBIISIETCA UCTOYHUKOM €LLie O4HOr0 BTOPUYHOIO
nocpeaHuKa NuUnuaHoro npoucxoxaeHus. Hekotopole G-6enku akTMBMpyoT
uutonnasmaruyeckyto oconunady A, (PLA,), koTopasi otaensieT ot Al upHyto
KUCIOTY, Kak NpaBuio, apaxmaoHOBYO KVICJ'IOTy (BblaeneHa pamMmkon).
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BTopu4yHble nocpeaHNKN: apaxmaoHoBas K1cnoTa

CUHTE3 N NPOnN3BOAHbIE

Al aBnaeTcss NICTOYHMKOM €eLle O4HOro BTOPUYHOro nocpegHunka nunuaHoro
nponcxoxaeHus. Hekotopble G-6enkn akTUBMPYIOT LMTOMNIa3MaTUYeCKyHo
ocponunasy A, kotopasi otaensiet ot Al XKMPHYto KMCNOTY, Kak NpaBuiio,

apaxunaoHoBYH KNCNOTY.
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Psoom dpepmeHTOB (nnnokcureHas,
LIMKIOOKCUreHas) apaxuaoHoBas l \pase A
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MHOIFOYMCIIEHHbIE NPOU3BOAHLIE,
Hanpumep: ‘

PGH, synthase
- ABe HPETE _ . (cox-1 or -2 and H.O Y
(Hydro-Peroxy-Eikoba-Tetra-Enoic peroxidase) LTB, <«—<. Leukotriens A,
acid), PGD - ——
- , Glutathyone \‘ Gluratvone
T~ Prostaglandin H, (PGH,) ) S
- NENKOTPUEHDI, / i Q Leukolriens C,
PGO, : :
- NpOoCTOrMaHgunHbI, - Glutamic acid </1
PGE, 7 Laukolriens D,
KOTOpPbIE ABJIAKOTCA TPETUYHBIMU ‘/ _ | ‘
nocpeaHnKamu. PGF; " B Leukotriens E,
\J
B-eto- Prostacyclin = Thromboxane Thromboxans

PGF. 1‘ o (PGL) (TXAY

HPETE |hydroperaxy
Arachidonic acld =% i cealeraenoic acid)

X yoana

—

plaleiels

(TXA,)



BTopuyHble nocpegHuKN: apaxmaoHoBas KMcroTa
CNHTE3 N NMPON3BOAOHbIE
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BTopuyHble NocpegHuKN: apaxmagoHoBas KUCroTa

LAl aBnsgeTca MICTOMHMKOM eLle O4HOro BTOPUYHOIO NocpeaHuKa nuMnmugHoro
NPOUCXOXOEHUS.

HekoTopble G-0enku akTMBUPYIOT LmToNnasMatuyeckyto gpocconunasy A,, kotopast
otaenset oT OAl XXUPHYO KUCMOTY, Kak NpaBuno, apaxnaoHOBYHO |<|/|cn0Ty
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BTopuyHble NocpegHuKN: apaxmagoHoBas KUCroTa

ApaxmgoHoBaga KMUCoTa akTMBUPYET NpoTenHkMHasdy C, KoTopasi B CBOK ovepeab
doocopunmpyeT MOHHbIE KaHarslbl.

[TponsBogHbIE apaxnugoHOBOW KMCIOTbI OKadbliBaloT cneymdunyeckme donsnonornyeckne
achekTbl. Hanpumep, 12-HPETE cBsasbiBaeTcsa ¢ K*- kaHanamu, yBenmymsas
BEPOSATHOCTb UX OTKPbITUSA.
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NO - BTOPUYHBLIN MOCPEOHUK HEXENN HEODLIYHBLIN MeanaTop

NO ) CUHTE3NpYeTCS NO-cnHTa30m, koTopas B HEMPOHaxX perynmpyertcs
Ca?*/kanMoZyrnmHOM.

NO Hanpsimyto akTMBUpPYET acCcoLMNPOBaHHY0 C MEMOpPaHOW ryaHunaTumnknasy.
ul Mo aktusupyet yl MP-3aBnucnMMyo NPOTENH KUHASY.

CboccpopmnmpOBane K*-kaHanoB NpMBOAUT K UX OTKPLITUIO, @ TAKXKe K 3amnyCckKy
Ca?*-HacocoB, YTO MPUBOAUT K rMNepronapusaLny MbliLLEYHbIX KIETOK U UX
paccna6neHmo.

Other target cells -

Guanylyl cyclase
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Kackapg BTopuyHoro nocpegHuka NO

When the NMDA receptor is
activated, Ca2+ enters the cytosol,
binds to calmodulin (CaM), and
activates nNOS.

NNOS uses oxygen and the reducing
equivalents of NADPH to catalyze
the conversion of arginine to
citrulline and NO. NO is a short-lived,
freely diffusible radical.

Besides generating free radicals
such as peroxynitrite, NO can
nitrosylate proteins directly by
reacting with free cysteines. When
the NMDA receptor is nitrosylated,
NMDA-evoked currents are
diminished, possibly providing
negative feedback for NO
production.

NO also activates soluble guanyl
cyclase, which converts GTP to
cGMP.
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BropuyHble nocpegHuku: CO

CsounctBa MoHookucuga yrrnepoga (CO) cxoxun co ceonctsamu NO.

CO npoayuMpyeTcs B HAOTENManbHbIX KNeTkax KpOBEHOCHbIX COCYA0B
OKCUreHasom rema, Kotopasi aktusmpyetcs npu docdopmunmpoBaHnm NpoTEUH
KnHasom C.

Takxke kak 1 NO nerko pactsopumbin B Boae u nunmgax CO andodpyHanpyeT B
brnivkanwme rnagkoMblLLEYHbIE KINETKU N aKTUBUPYET ryaHunaTtuuknasy, kotopas
aktnsmpyet ul M®-3zaBncumyro NpoTENH KNHA3Y.

d)occpopmnmposaHme K*-kaHanoB NpnBOANT K UX OTKPLITUIO, a Takke K 3amnyCcKy
Ca?*-HacocoB, YTO MPUBOAUT K MMMNepronapu3aLnm rmagkoMblLLIEYHbIX KNETOK U UX
paccna6neHmo (kak n B criyyae NO).

B mo3re obHapyxeHa cneundomndeckas opmMa okcureHasbl rema, 4to
npegnonaraet yyactne CO B curHanusauum mexay HempoHamm B LIHC.



Kackag sTopuyHoro nocpegHuka CO

Heme has a highly conjugated porphyrin ring
with an iron atom chelated in the center and
three different substituents on the outside (M
= methyl, V = vinyl, P = propionate).

Heme oxygenase-2 (HO2) is a 36 kDa
protein with a short hydrophobic C-terminus
that anchors it to the endoplasmic reticulum
(ER).

Together with NADPH and cytochrome P450
reductase (CPR), it catalyzes a mixed
oxidation—reduction reaction in which the
a-meso bridge of heme is cleaved, releasing
an iron atom and producing biliverdin and
CO.

Biliverdin is rapidly reduced to bilirubin by
biliverdin reductase (BVR).

CO, another freely diffusible diatomic gas,
binds to and activates sGC.

Both CO and NO bind to the heme moiety of
sGC.
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ELwle BTOpnYHbIEe NOCPEAHUKM

B cepaue v nogxenyno4Hou Xenese puaHogMHOBLIN pelenTop
aKTUBUPYETCSA BTOPUYHLIM NOCPEOHUKOM - UMKNnyeckon AQd-pubo3on
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ELLle BTOpMYHbIE NOCPEAHUKN

D-serine is a co-agonist at the NMDA receptor.

Type |l astrocytes ensheath synapses containing NMDA receptors. In these astrocytes, D-serine is
synthesized from L-serine, by a cytosolic enzyme, serine racemase (SR). When the presynaptic neuron
releases glutamate, it acts not only on the postsynaptic neuron, but also on the surrounding astrocyte.
Activation of the astrocytes non-NMDA glutamate receptors releases D-serine, which binds to the NMDA
receptor at the same site as glycine. The concerted binding of D-serine and glutamate results in opening of

the NMDA receptor channel.

Postsynaptic
neuron
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Non-NMDA +H;N COO-
glutamate \ /
receptor / \
HOH-C
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Presynaptic 00%°c° "H3N COO-
neuron —— > Glutamate C
%o 90 © / \
ve b . : CH,OH
D-serine L-serine
NMDA Astrocyte
receptor
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HeKOTOpre KMHAa3bl, aKTUBUPYyEMbIE HEPE3 CUCTEMDI
BTOPWNYHbIX NOCPEJHNKOB

BTopu4Hbie nocpeaHuKn PerynmpyroT HEMPOHHbIE PYHKLIMK, MOOYNUPYS
COCTOSIHME BHYTPUKIETOUYHbIX OEnKoB Yepes ux pocdopunmpoBaHme.

Benkn dochopunmpytotca 0onbLMM YACTIOM NPOTEUH KMHA3; docaTHble
rpynnbl OTLLENNAKTCS OT 6enkoB NpoTenH hocdartazamu.

CteneHb hochopmnmnpoBaHmns Benka-muLeHN oTpaxkaeT banaHc mexay
KOHKYpUpYHoLwen akTUBHOCTU KMHa3 U pocgpaTas.
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y

CybcTpaThbl KnHa3 u docdaras Bkno4YaoT hepMeHTbl, NMUrana-3aBUCUMblE
PELEeNTOPbI, NOHHbIE KaHanbl U CTPYKTYPHbIE Benku.



HekoTopble KnMHa3sbl: adpdekTbl pocdopnnmpoBaHms

CybcTpaThbl KnHa3 u docdaras Bkio4YaoT hepMeHTbl, NMMraHa-3aBUCUMbIE
PELENTOPbI, NOHHbIE KaHanbl U CTPYKTYPHbIE Benku.

PocopnnmpoBaHne Bbi3bIBaET CreunduIeckme NsMeHeHns hyHKUUM
6enkoB-MULLEHEN - YBENNYEHNE NN YMEHbLLUEHWE:

1) KaTanMTU4eCcKon akTUBHOCTU DEPMEHTOB;
2) NpoBOAMMOCTU MOHHbIX KaHamnoBs;
3) AeceHcuTmn3aumn peLenTopos.

O6bI4HO HOCHOPUNIMPOBAHNE BbI3bIBAET KOH(DOPMALIMOHHbIE U3MEHEHMUS NN
N3MEeHsIeET B3auMOAeNCcTBME C ApYyruMmn benkamu,



HekoTopble KMHAa3bI:
rpynnbl KMHa3 1 pocdaTas

[TpoTenH KnHasbl U pocarasbl 4ENCTBYIOT

* HA CEPUHOBbLIE U TPEOHNHOBLIE OCTATKN (CEPUHOBLIE/TPEOHNHOBLIE KMHA3bI U
doocpaTashl)

* WM Ha TUPO3MHOBbIE OCTaTKN (TUPO3NHOBBIE KMHA3bI U dhocaTasbl) benkos-
MULLIEHEN.

HekoTopble 13 aTux depMeHTOB cneundmnyeckn AenCcTBYOT Ha OAMNH UK
HECKONbKO 6enkoB-MuLLEHEN, B TO BPEMS Kak Apyrve SBnsitoTcs
MHOrOYHKLMOHaNbHbIMAN U AEUCTBYIOT Ha 60MnbLLIOE YMCIO CyDOCTpaTHbIX
Oenkos.

AKTMBHOCTb KMHa3 1 dooccaTtas MOXET perynmpoBaTtbcst nMbo ¢ yyactmem
BTOPUYHbIX nocpeaHnkos (LAM®, Ca?* n gpyrux), nMbo BHEKNETOUYHbLIMY
XUMUNYECKMMM CUTHanamm (Hanpmmep, dpaktopamm pocTa).

Yaule Bcero BTOPUYHbIE NMOCPEOHMNKN aKTUBUPYIOT CEPUH/TPEOHUHOBLIE KNHA3bI
n pocdpaTassbl,

d BHEKJ1ETOYHbIE CUTHAl1bl - TUPO3NHOBbLIE KMHA3bl U CbOCCbaTa3bI.

B mo3re npeactaBlrieHbl TbiICAYN NMPOTENHKUHA3, HO TOJIbKO Maliad UX 4acCTb
beHKLI,I/IOHI/IpyeT KaK peryndatopbl B NyT4AX HeMpOHHOIZ CUrHarimn3auun.



KnHasbl, dKTnBMpyemMblie Hepe3 CMCTEMbl BTOPUYHbIX

nocpeaHMKOB

B mMo3re npeactaBneHbl ThiCAYM NPOTENHKMHA3, HO TOMbKO Manasi X YyacTb
YHKLMOHUPYET KaK pPerynatopbl B NyTAX HEMPOHHOW CUrHanusauuu.
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UAM®-3aBucumasa npotenH kmHasa (['NKA)
(aHrn., cAMP-dependent protein kinase, PKA)

aKTUBMPYETCA NMpu yBeNnUYeHUn KoHueHTpaummn LAMO®. YBennyeHne KOHUEHTpauum
LAM® mMoXeT nponcxoanTb NpU YrHETEHUN aKTUBHOCTU dbocdoamacTepassl,
KoTopasa ytunusnpyet LAMO.

OTa knHasza npeacraBnsieT cobon TeTpamep, COCTOSALLMIA U3 ABYX KaTanuTUYECKNX
N ABYX TOPMO3HbIX (PerynsitopHbIX) CyObeanHuL.

LAM® aktusupyet NKA nytem cBA3bIBaHMA C perynsaTopHbIMn cybbegmnHuuamum,
YTO NPUBOOMUT K OTCOEQMHEHMIO UX OT KaTannTuyeckux cybbeanHul, B pesynbraTe
4yero nocnenHne ocBoboOXJakTCA OT TOPMO3HOIO AENCTBUS.
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ul M®-3aBncnumaga npotenH kmHasa ([KI)
(aHrn., cGMP-dependent protein kinase, PKG)

aKTUBUpPYyeTCs Npu yBennyeHnn koHueHTpauum ul M. YeennyeHue koHueHTpaummn ul Mo

MOXET NMpPpouncxoaunTb rNnpun yrHeETeHNmM akKTNBHOCTU CbOC(bO,EI,I/ISCTepa3bI, KOTOpad yTuin3npyet
urMo.

[MpencraBngaet cobon romognmep, COCTOSALWNN U3 ABYX NOEHTUYHbIX CyObeanHUL,
BKITHOYAOWMX KaTarMTUYECKUA N TOPMO3HbIN (PerynaTopHblin) AoMeHbl. [lomeH N-TepMuHanu
obecrneymBaeT romogmMmMepusauunto U nogasrieHne akTMBHOCTU KMHas3sbl (ayToOMHrmbuposaHme,
autoinhibitory) B otcytcteue ul M®.

Ase monekynbl U M® aktusupytoT MNKIT nyTem cBA3bIBaHNA ¢ ABYMS HEUAEHTUYHBIMA
canTtamMu perynartopHoro omMeHa, 4Yto NpuBOAUT K KOHPOPMaLMOHHBIM U3SMEHEHUAM U
0CBOBOXAEHMIO KaTanMTUYECKOro JoOMeHa OT TOPMO3HOro genctena N-tepmnHanu.

Msodbopma MKT -1 npenmyliecTBeHHO nokanunsosaHa B Lutonnasme, a lNKI-1l — npukpennexa
K nfiasmaTtnyeckon membpaHe.

PKA
Dimerization

| Autoinhibitory

.
Ria. Rlb
CAMP Rila. Rllb
PKG / Catalytic Ca, C[_)). C“f

B [ couPl

=




NCCU Signali

W Family
() Subtamity

DMP
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Ca?*/kanmogynuH-3aBucumas npoTenHkmHasa tuna |
(Ca?*/calmodulin-dependent protein kinase type I, CaMKIl)

perynupyeTcst komrnekcom Ca?*/kanMomynuH.

ABnsieTca cepuH/TPEOHNHOBOW NPOTENH KNHA30M.

CyuwiecTBytoT ABe POPMbl JaHHOWN KNHA3bI!

- cneunannampoBaHHble PoCcopUNnPYOT MUO3UH, Bbl3biBad COKpaLLleHNe MbILLL;
- MHOIOQOYHKLMOHAsbHbIE BbIMOSTHAKT MHOXXECTBEHHbIE DYHKLUN.

PerynartopHas 1 katanutuyeckasi CyobeanHuLbl COCTaBNAT OAHY MOSEKYNY.
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| Ca?*/CaM @ A g
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Ca2+/|<anM0p,yn|/|H-3a|3|/|cmma;| npoTenHKknHasa tuna |l

jil] Cell Signaling CAMK Group (A)
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[MpoteunH knHasa C (['KC) (aHrn., protein kinase C, PKC)

aKTVI)BI/IpyeTCFl B npucytcteum Ca?*, JAl n docdonunuaa dochatmanncepuHa
(PS).

PeI'yJ'IFlTOpHaFl N KaTalimTn4ecKkad Cy6'be,El,I/IHI/ILI,bI COCTaBInAal0T O4AHY MOIEKyIy.
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[MpoteunH knHasa C (I'KC) (aHrn., protein kinase C, PKC)

[ Cell Signaling

ACG Kinase Group (A)
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PasnnyHble KnHa3sbl, adKTnBMpyemMbie Hepea CNCTeEMbLI
BTOPWNYHbIX NOCPEJHNKOB

Domain structure of protein kinases.
Protein kinases are encoded by
proteins with recognizable structural
sequences that encode specialized
functional domains.

Each of the kinases [PKA, PKG, CaM
(Ca?*—calmodulin-dependent) kinase |I,
and PKC] has homologous catalytic
domains that are kept inactive by the
presence of an autoinhibitory segment
(blue lines).

Regulatory domains contain sites for
binding second messengers such as
cAMP, cGMP, Ca?*—calmodulin, DAG,
and Ca?'—phosphatidylserine.

Alternative splicing creates additional
diversity.
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TnposnHknHasel (tyrosine kinases)

aKTuBMpyeTca NMbOo BHEKITETOUYHbIMW curHanamm, nnbo G-6enkamu.

YyacTBylOT B Kackagax, obecneumBaloLLmnX poCcT KNeTOoK U nx anddepeHumauunio
nyTemM nepeaadn BHEKNETOYHOro CUrHana B KNeTo4yHoe SApo, YTO NPUBOAUT K
9KCMpPEeCCUN reHos.

CyLLecTByeT ABa Kracca TUPO3UHOBLIX npoTenH  FGF O ///

KWHa3, KoTopble doocdopmnnnpyoT TUPO3NHOBLIE Estracellnlay
OCTaTKu 0enkoB-MULLEeHeWN. / matrix

PeLenTopHasi TMPO3UWH KnHasa (receptor tyrosine S& 77 S\

kinase) apnsietcs TpaHcMeMbpaHHbIM 6enkom ¢ [\__— Receptor
BHEKMNETOYHbIM peLenTOPHbIM AOMEHOM, tyrosine kinase

1/ ]
KOTOPbIl CBA3bIBAETCSA C OENKOBLIMU NUraHaaMm ¢ N
(dbakTOpamu pocTa, HeMPOTPOPUYECKNMMU SNF/Grb2

doakTopamm Unu LMTOKMHAMN), U
BHYTPUKNETOYHbIM KaTanuTUYeCKUM OOMEHOM, \
KOoTopbIn dbocopununpyet cybecTpaTtHble 6enku.

FGF - fibroblast growth factor, dpakTop pocTta
dmbpobnacTos




PeuenTtopHasi TUpO3UHKMHA3a (receptor tyrosine kinase)

N3BecTHO Tpu peLienTopa pPeLenTOpHOM TUPO3UH KMHAa3bI:

PeuenTop Jlnurang
TrkA NGF (nerve growth factor)
TrkB BDNF (brain-derived neurotrophic factor),
NT-4/5 (neurotrophin-4/5) "
TrkC NT-3 (neurotrophin-3)  Teceptor

QOutside
REREaeBd: I RO /SE0ERRENTECE00Y
[l [] /] | A\ \
{ { ) |
! 1)

1"‘1 e (L dN LY
COCOSOT XY

BDNF NT-4/5 NT-3 ARSI

Inside

| Pi3kinase | | ras | [ ric ]

Outside
(LIRS L |
(D) Kinases P DAC
3068580 PKB ' l J
Inside Akt kinase MAP Kinase o
a“
1 release PKC
: | A N X
TrkA TrkB TrkC Neurite —
t L ot outgrowth Activity-
receptor receptor receptor Cell and neuronal dependent
survival differentiation plasticity




benkoBas TMpo3nHKnHa3za (protein tyrosine kinase)

CyLuecTByeT ABa Krnacca TUPO3MHOBbIX
NPOTEUH KMHa3, KOTopble doochopuUnupyoT
TUPO3NHOBbLIE OCTaTKN BEMNKOB-MULLEHEWN.

HepeuenTopHble TUPO3WH KNHa3bl (protein
tyrosine kinase) HaxogsaTcs B uMtonnasme unm
accoummpoBaHbl ¢ MEMBpPAHON U HEMPSAMO

Ca2 _~Cadherins
(yepes G-benkun) akTUBUPYIOTCA BHEKIETOUHbLIN \
CUrHanamm. Tyrosine
Kinases
Phosphatase e

docdhopunmpoBaHne TUPO3UHOBBLIX OCTAaTKOB JEm———
KMHa3amMm BCTPEYaeTCs 3Ha4YUTENbHO pexe,
yem hocdopunupoBaHne cepmHoOBbIX/

TPEOHMHOBBLIX OCTATKOB. - U—catenin




TnposunHknHasebl (tyrosine kinases)

Cell S‘gﬂfl_lﬁgm, Tyrosine Kinase Group (A) www.cellsignal.com
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MwuTtoreH-aktuBupyemole npotenH kuHasbl (MAIIK)
(Mitogen-activated protein kinase, MAPK)

AKTUBUPYIOTCS Kak BTOPUYHBIMM NOCpeaHnKamu, Tak n npun doccopunmpoBaHnm
APYrMMK KnHasamu. MNpuHUMaloT yyactme B perynsumm pocta KneTok n daktopa

TPaHCKPUMLMN.

BHeLlHNM curHanom, KOTopbin BKIKOYaEeT
kackagbl MATK, asnsetca dpakTtop pocTa
(FGF, fibroblast growth factor), KOTOPbI
aKTUBUPYET PeLEenTOPHYIO TUPO3UH
KNHa3y.

OTa KMHa3a akTuBmpyeT MOHOMepHble G-

6enku (ras), kotopsle aktnsupytot MAMIK.

HOanee MAIK dpocdopunupyet 6enok
doakTop TpaHCKpUNUum, KOTOPbLIN
perynmpyeT SKCrnpeccuio reHos.

Cpeaun apyrmux 6enkoB-MnLLEHEN 3TON
KMHa3bl BCTPEeYaTCcHa pasfnnyHble
dbepMeHTbI (apyrme NpoTenH KMHasbl) U
Oenku uuTockenera.
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MwuTtoreH-akTuBupyemole npotenH knHasbl (MAIIK)

il Cell Signaling
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Mitogen-Activated Protein Kinase Signaling Cascades




MAPK/ERK in Growth and Differentiation

@ O @O
e OODO®

6
QEJ
—~—

1 N
Transcription
Pl ot s ad ot (mrbote of Col Tipns g T ko Mo mmoim i lpn Loy
O Knme ——— irect Stmulatory Modfication = i ToNRCHPRNN Gotcn
() Phosphatase o Direct Irtitilory Modficaton s s i
© Trncription Factor —> —> Mlstop Somudatcry Modfcaton e T

Separation of Subunits or Cleavage Products
= =3 Tonlntve Simudatory Modification :

o { Tontative Inhititory ModFication Ny Joiing of Subunks




G-Protein Coupled Receptor Signaling to MAPK/ERK
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docdatasnbl (PP ot anrn., Protein Phosphatase)

BblgensatoT cepuHoBLIE/TPEOHUHOBLIE, TUPO3UMHOBBLIE N OBONCTBEHHbLIE ddocaTasbl.

Hanbonee n3ay4yeHHbIMU ABMISAIOTCA CEPUHOBbLIE/TPEOHMHOBBIE (pocdaTasbl,
KoTopble aedocdopunnpyoT COOTBETCTBYIOLWME ocTaTku, - PP-1, PP-2A, PP-2B
(kanbuuHenpuH), PP-2C 1 HemHorovncrneHuole PP-4 (-5, -6, -7).

[MogpasgoeneHune Ha rpynnbl OCHOBAHO Ha cybcTpaTHOM cneundunydHocTn doocdaTtas,
X0TS BCe (pocdhatasbl MMEOT LLUMPOKO MepeKpbIBalOLLYHOCA CyOCTpaTHYIO
cneunguyHoCTb.

[pynna PP-2 nogpasgensetrcaHa A, Bn C no cy60TpaTH0|/| cneunguyHoCTH, Yymcny
cyObeauHUL, 1 3aBUCMMOCTM OT KaTuoHoB (Ca?").

Y aykapuot 98% drocdopunmpoBaHns NPONCXOANT HA CEPUHOBbLIX/TPEOHMHOBbIX
ocTaTKax.

Bonee, yem 90% akTMBHOCTM CEPUHOBOIO/TPEOHMHOBOIO 0OCOPUITMPOBaAHUS
benkoB obecrneymBaetca pocdarasamm PP-1 n PP-2A.



docdaTasbl

Bce docaTtasbl He XxapakTepuayrTCsl BbICOKOW CyOCcTpaTHON cneundUYHOCTbIO MO
CPaBHEHMIO C MPOTENH KMHA3aMM.

PP1 nedochopununpyet wnpokuin psig cybcTpaTHbIX OENKoB N 4OMUHUPYET B
KrneTkax Mmriekonmrarowmx. Jta docartasa perynmpyeTcs HEKOTOPbIMU
NHIMBUTOPHBbIMKN Benkamun, nNpeacTaBneHHbIMU B HEMPOHAX.

PP2A cocTouT n3 HeCKomnbKnx cyobeamHuu n gedocdopunupyet 6onbLLon psag
cybcTpaTHbIX BEnKoB, KOTOPbIN NepekpbiBaeTcs ¢ cybecTpatamn PP1.

PP2B (kanbunMHenpuH) LWMPOKO npeacTaBneHa B HEMpoHax. AKTUBUpYyeTcH
kommnekcom Ca?*/kanmogynuH. KanbuMHenpuH COCTOUT U3 KaTanmMTUYECKom 1
perynartopHou cyobeauHuu. Katanutnyeckas egmHuua Hanpsimyro akTmBupyeTcs
Ca?*/kanmoaynmHOM, KOTOPbIN BbITECHAET MHIMBUTOPHbLIN PErynsaTOPHbIN JOMEH.

KanbunHenpuH He gedocdopunupyet CaMK I, HecmoTps Ha To, 4TO Oba
dbepmeHTa aktusupytotcs Ca?*/kanMooyrnvHoM.



docdaTasbl

Domain structure of the catalytic subunits of some Ser/Thr phosphatases.
The three major phosphoprotein phosphatases, PP-1, PP-2A, and PP-2B
(calcineurin), have homologous catalytic domains but differ in their
regulatory properties.

Regulatory

PP-1 Catalytic -

PP - 2A Catalytic .

B subunit CaM
binding binding
/

Calcineurin A :
subunit Catalytic -




CurHanmaauus B 94p0o

BTopuyHble nocpeaHnKn akTUBUPYIOT
cuHTe3 HoBou PHK n, cootBeTcTBEHHO,

6eﬂ KO B. Chromosome Beads-on-a-string chromatin

[MepBbiM warom ans cnHtesa PHK
saBngeTcd obpasoBaHMe Ha XpoMaTUHE
cautoB ana PHK-nonumepassl n
doakTopa TpaHCKpUnuun.

Binding of transcriptional
activator protein

Transcriptional
activator protein

Binding of co-activator
complex

Benku akTuBaumnm TpaHCKpUNUum
NPUCOEANHSAIOTCS K CneunanbHbIM
MeCTaM CBA3bIBaHW4, KOTOpbIE
pacnonoxeHbl B Monekyne JHK pagom
C MECTOM Hauyarna reHa Hy>Horo berka.

UAS :
Binding of
RNA polymerase

RNA polymerase

/ and associated factors
AN 7 "'\\.T\ = 3 N ZI\I »L‘:\
A /ﬂ \\g { /ﬂ,/ //_‘ 1.\ PAL r-\.\\

‘ Start site of RNA

Kackaobl nepegaym BHYTPUKITETOYHOIO
CUrHamna perynmpyrot 3KCnpeccuio
reHOB, KOHBEPTUPYS Bernkn akTneauunm
TPaHCKPUNUUN N3 HEAKTUBHON B
aKTUBHYIO pOpMYy, KOTOPble CNOCOBHDI
cBsisbiBaTbcA ¢ JHK.

N
Condensed Transcription begins
chromatin




CurHanmaauus B 94p0o

Steps involved in transcription of DNA into
RNA.

Chromosome Beads-on-a-string chromatin

Condensed chromatin (left) is decondensed *’{-‘fv—_:_._;

into a beads-on-a-DNA-string array (right) in
which an upstream activator site (UAS) is
free of proteins and is bound by a
sequence- specific transcriptional activator
protein (transcription factor).

Transcriptional
activator protein

The transcriptional activator protein then
binds co-activator complexes that enable
the RNA polymerase with its associated
factors to bind at the start site of
transcription and initiate RNA synthesis.

Binding of transcriptional
activator protein

Binding of co-activator
complex

Binding of
RNA polymerase

RNA polymerase

%(and associated factors

l

Start site of RNA

A
Condensed Transcription begins

chromatin



CurHanunsaums B a4po

CREB (cAMP Response Element e A — e
Binding protein) aBnsetcs o o, 0" %.
MOBCEMECTHbIM (paKToOpoMm 4 J_ /e .
TPaHKPUNLUUMN.
| Inside cell

CREB cBA3bIBaeTCA CO CBOUM DA )
crneuunanbHbiM mectom Ha OHK. ll *o /

/
B HECTUMYIIMPOBAHHOW KneTke / o we /o
CREB He docdopunupoBaH 1 He @ \ N i

Ca?t/calmodulin

TPaHCKPUMLNOHHOWM aKTUBHOCTM. ot

/

MMeeT J0CTaTOYHOM = \ ®

Mpy dhocchoprnmMpoBaHUm ero
TPaHCKPMNUMUOHHAA aKTUBHOCTb
3Ha4YNTENbHO BO3pacCTaeT.

CRE/CaRE RNA Target genes
polymerase Nucleus



CurHanusauusa B 94po

docdopunmposaHne CREB
OCYLLECTBNSAETCHA HECKOSTbKUMMU ) S
NyTAMWU. : ‘@ Outside cell

1) ¢ yuactmem LAM®-3aBUCUMON 3 |
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