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BBeJicHUE B TEHETUKY

e Y10 Takoe reHor?

- (hU3MYECKUE U (DYHKIIMOHAIbHBIC €T Mmunan 1 b1t
IPU3HAKOB, KOTOPBIE EPEAAOTCS OT OJHOTO
MIOKOJICHHS K IPYTOMY

e I'enbl ObLIH OTKPHITHI B 1860 rogax cIOBalKUM
MoHaxoM ['peropom MenpaeneMm. OH TIbITAICS
OTBETUTH Ha CJIE. BOIIPOC:

epearoTCs U IPU3HAKU OT OJHOTO U3 POJAUTEICH
WU OT 0Ooux?
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DKCHEPUMEHTHI C pACTEHUAMH ropoxa

e MeHaenb OTKPBLI, YTO T'€HBI MOT'YT OBITh IIEPEIaHbI B
OJHOM U3 2 GopM (ajuieneu)— JOMUHAHTHON WX
PELIECCUBHOU

« JloMmruHaHTHas popma byzeT
NpPOSIBJAATHCS B PEHOTHUIIE
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JIHK — ¢hm3ndeckuii HoCUTENb
TCHETUYECKOM MH(OpMalluU

JIHK On1na oTkpbiTa B 20 Beke

JIHK conmepxut Te cambie (DU3NYECKUE
TE€HbI, OTKPBITbIE MEHIETIEM

Y Kaxx0ro opranusma — 1 aminenp
HACJIEAYETCS OT oTa U 1 - oT MmaTepu

['omo3urora — AA uiu aa
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DeHoTU — COBOKYITHOCTH BCEX
BHEIIHNX U BHYTPECHHUX IPHU3HAKOB
OpraHmsma.



HNHorpa peHOTHN pACTIPOCTPAHAECTCA U 32
npeneiisl oprann3ma. I[Ipumep u3 KHUrH
P.J/loknH3a « OTOMCTUYHBIN I'€H»: JIMYUHKH
HACEKOMBIX PYUYEHHUKOB CTPOST PAKOBUHKH U3
[IECYMHOK B CTPOTOM COOTBETCTBUHU C UX
TEHETUYECKOM ITporpamMmMon. PakoBruHka

B3pociioe Hacexomoe PYYEHHHMKA — 3TO MX IIPU3HAK WA HET?

JInunHKa pydYeliHUKA U IPUMEPbI J0MHKOB




Ilpu Kauie 1 YMXaHUU
KamneJbKH ¢ BUPYCaMH
Pa3jieTaloTCH HA HECKOJILKO
METPOB BOKpPYIr
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[Ipu3nak — 310 TH000E CBOMCTBO WU
Ka4€CTBO IO KOTOPOMY OAWH OPTaHU3M
MOKHO OTJIMUMTH OT APYIOTO.

(LIBeT a3, rpyiima KpoBH, (popmMa paKOBUHKH, HOPKH, JOMHUKA WJIM YepTa
XapaxkTepa)



[ Ipr3Haky MHOTOOOpPa3HEIL U
HY>KJIAI0TCS B KIACCU(PUKALIAU:

* IIpocTtrie u ciioxHbBIE
* AHaTOMHUYECKHE U (PU3HUOJIOTUUYCCKHUE
* KoIM4eCTBECHHBIE M KAYECTBCHHBIC

* HapyxHue u BHYyTpEHHUE

CIIICOK MOKHO IPOJIOJIKUTH



[IPU3HAK
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— — hopMupyeTCs
IIEPBUYHBINA TPOAYKT Ha OCHOBE MIPOCTOrO MpHU
AKTUBHOCTH T'€HA B B3aUMOJCUCTBUU C JPYTUMHU
BUJIC OeJIKa UK T- U reHaMH U (pakTopamu
pPHK BHEIIIHEN CPE/IbI
Hanpumep — 0esnok * Hanpumep — caxapHbii
WHCYJIUH Aua0eT KaK pe3yiabTaT
(HOpMAaJIBHBINA HIIH Ne(PEeKTHOrO NHCYJIMHA

ne(EKTHBIN )
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HemaBHue nipumepsl pa3andHbIX YPOBHEH PETYIISAILNN SKCIPECCUH
3YKApUOTHUYECKUX T€HOB M KJIECTOYHOM OMOJIOTHUH C IOMOIIBIO
HKPHK. nnPHK, neyxuenoueunass PHK; I'MT, rucron
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HP1, rerepoxpoMaTtuHoBbIi OeoK 1;
PARs, npomotop-accounnpoBannsie PHK;
PcG, 6enxu rpynmsl Polycomb; RISC,
PHK-uHyunpoBaHHbI MOJTYAITAN
komiuiekc; RITS, PHK-unnyuupoBannas
VWHULIMAIWS CAllJICHCUHTa T€HOB
tpanckpunuuu; MUPHK, manas
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tpanckpunuuu [I1B; u UCE,
YIIbTPAKOHCEPBATUBHBIN JIEMEHT.



1. MeXKJIeTOYHBIN CUTHAJIUHT
2. MeXKJIeTOYHBbIC KOHTAKTHI U IAaTOJ0Irusl

3. Ilepemaua curuaJjia yepes peunenTopbl M MaATOJIOTHA



1. MeKKJIeTOUYHBIM CUTHAJIUHT

(1) Hp}IMOC BBaHMOI[eIZCTBHe Gap Junction
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2. TUNBI MeKKJIETOYHBLIX CUTHAJIOB

(1) XumMuuyecKHe CUrHAJIbI
Hormones, neurotransmitters, growth factors, cytokines;
odor molecules; ATP, active oxygen; drugs, toxins, etc

(2) du3nyecKkue CUrHAJIBI
Light, electronic, mechanic, UV, heat, volume, osmotic, etc



(3) Tunbl peryasiuu

Endocrine _ _ _ _
Act on a far away organ via blood circulation, seen In

most hormones

Paracrine _
Act on a nearby target, seen In GFs, CKs, etc

Synaptic: Presynaptic to postsynaptic (neurotransmitters)

Autocrine _ .
Act on itself after secreted, seen in GFs, especially In

tumor tissues

Intracrine _
Act on itself before secreted, seen in nuclear receptors
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Microvesicles are membrane-enclosed extracellular vesicles shed from the plasma
membrane or derived from the endosomal membrane of cells, which can mediate
intercellular communication through transferring the vesicular components to
recipient cells.




14-3-3 Induced Iniracellular Signaling %Biomgend
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lllej1eBbIe KOHTAKTHI

1. CtpykTypa

« Connexins are four-pass transmembrane proteins,

six of which assemble to form a channel, a

connexon.

interacting

plasma membranes

two connexons in
register forming

open channel between
adjacent cells

(A)

channel
1.5nmin
diameter

connexon
composed of
six subunits

o ~ 20 different i1soforms of connexins in humans

homomeric

&

heteromeric

connexins connexons

(B)

Intracellular

homotypic heterotypic

intercellular channels



3aKpbIT OTKpLIT

KoHHeKco
MOHOMEpP KOHHEKCUMY

KneTo4Hble membpa

paccTofHMe B 2-4 HM
MmaopodnabHbIA KaHan




ANre3uBHBIE U IUIOTHBIE KOHTAKTBI

30Ha agresuun MnoTHbIe KoHTakTLOMeH

CNM3UCTBIA CNoA {
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- TnasmaTU4ecKne MeMBpaHbl
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KaTeHWHbI
LUNHrynuH
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MapauennonsapHoe NpocTpd

KneTo4Has Memﬁpé
KagrepuHsl
onaTepanbHasA CTOPOHa




2. 3HAYEeHHE IIeJIeBbIX KOHTAKTOB

M cnonp3yeTcss OONBIIMHCTBOM KJIETOK B TKaHSIX *KUBOTHBIX, 3a
HCKJIFOUCHHUEM HECKOJIbKUX OKOHYATEIbHO
i@ @epeHIIMPOBAHHBIX KJIETOK, TAKUX KaK KJIETKH CKEJIEeTHBIX
MBIIIII] U KJIETKH KPOBH.

[I03BOJIII HEOPraHUYECKMM MOHAM M APYrUM HEOOJIbIIMM
BOJIOPACTBOPUMBIM MOJIEKYJIAM IIPOXOJAUTHh HEMOCPEACTBEHHO OT
OJHOW KJIETKM K APYroM, TEM CaMbIM CBA3bIBas KIETKHA Kak
3JCKTPUUYECKHU, TAK 1 META0OJIMYECKHU.

B nsnekTpuyecku BO30YyAUMMBIX KJIETKAaX, TaKMX KaK HEPBHBIC
KJIETKH, MMO3BOJIIET  IIOTCHUMAY  JIEMCTBUS OBICTPO
pacnpocTpaHiaTbca 0€3 3aJep)KKM, KOTOpas BO3HHUKAeT B
XAMHUYECKHUX CHHAIICAX.

COBMECTHOE MCIMOJIb30BAHNE HEOOIBIINX META00JIUTOB U MOHOB
oOecrneynBaeT  MEXaHHW3M  KOOpAWHALMU  JACATCIbHOCTH
OTAEIBHBIX KJIETOK (META00INYECKOE COTPYIHUYECTBO)



3. Gap Junction In Diseases

Connexin gene mutation and Diseases

— Congenital non-syndromatic deafness (Cx26 mutation)
— Congenital cataract (Cx50 mutation)

— Axonal degeneration of peripheral nerves (Cx32 mutation)
— Infertility of females (Cx37)

Gap junction and tumor promotion

-- Gap junction intercellular communication down-regulated
Gap junction and embryogenesis

-- embryo development (Cx43)

-- nutrients transportation (Cx26)

Others



Ilepenaya CMIrHaJIa Yepe3 penenTopbl

Receptors:

Cell Surface Receptors;
Nuclear Receptors

CELL-SURFACE RECEPTORS

plasma membrane
cell-surface

receptor

an)d -
o’

hydrophilic signal
molecule

INTRACELLULAR RECEPTORS

small hydrophobic
signal molecule
®

carrier protein

nucleus

intracellular receptor



MemMmOpaHHbIE penenTopbl

1. Process of transmembrane signal transduction

Synthesis and secretion of signaling molecules

Receptor binding and initiation of intracellular signaling pathway
Regulation of cellular metabolism, function, gene expression, etc
Down-regulation or termination of cellular responses

O O O O

EXTRACELLULAR SIGNAL MOLECULE

RECEPTOR PROTEIN

EXTRACELLULAR A CYTOPLASM
FLUID .

© Reception (2] Transduction [ € Response

Receptor X INTRACELLULAR SIGNALING PROTEINS

g Activation
—_— Q —_— —-)a - Of cellular
; responses

Signal-transduction pathway

X iy
molecule = pPlasma membrane E==0 TARGET PROTEINS

metabolic  gene regulatory cytoskeletal
enzyme protein protein

l l l

altered altered gene altered cell

metabolism expression shape or
movement




. Kmaccupukanuss MeMOpaHHBIX
peunenTopon

lon-channel-linked receptors

— Involved in rapid synaptic signaling between electrically excitable cells

G-protein coupled receptors (GPCR)

— Seven-pass transmembrane protein,

— Indirectly regulate the activity of a target protein through a trimeric GTP-binding
protein (G-protein)

Enzyme-linked receptors

— Single-pass transmembrane protein,
— function directly as enzyme or directly associated with enzymes they activate

Others



CHANNEL-LINKED RECEPTORS

o |ons
plasma

o membrane

signal molecule

PROTEIN-LINKED RECEPTORS

signal molecule

)

!
|

! enzyme
G protein y activated
1 G protein

E-LINKED RECEPTORS

molecule \M
ofa dimer

OR

inactive catalytic
domain

active catalytic
domain

Figure 15-15 Three classes of
cell-surface receptors. (A) lon-channel-
linked receptors, (B) G-protein-linked
receptors, and (C) enzyme-linked
receptors. Although many enzyme-linked
receptors have intrinsic enzyme activity, as
shown on the left, many others rely on
associated enzymes, as shown on the
right.

sngnal molecule

[

activated
enzyme



lon Channel Linked Receptor

(Ligand-gated lon Channel)

1. Classification:

Class| nAchR, GABAR, 5-HT;R, GlyR
Class Il Glutamate/Aspartate Receptor
Class I1l  cGMP/cAMPR, IP;R, ryanodine R
Class IV ATP/ADP gated channel (P,y)

2. Structure:




3. BoicTpas cuHAnTHYECKasl Iepenayda
CHUTHAJIOB MEKIY DJIeKTPHYECKH

BO30YyAMMBbIMH KJIeTKAMM--A model for iGIuR
activation and desensitization




Ilepexaua curuaja yepes
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G-0eJku:
Three non-identical subunits

receptor protein

signal
molecule

activated
o subunit

inactive G protein
3 1
o B Y

S HE S R g

plasma
membrane

[

EXTRACELLULAR SPACE

CYTOSOL

activated G-protein subunits

activated
[y complex

Figure 15-28 The disassembly of
activated G-protein into two
signaling components. (A) In the
unstimulated state, the receptor and te
G protein are both inactive. Although #&
are shown here as separate entities i f
plasma membrane, in some cases, at lt
they are associated in a preformed
complex. (B) Binding of an extracel
signal to the receptor changes the
conformation of the receptor, which &
turn alters the conformation of the

G protein that is bound to the recepis
(C) The alteration of the o subunit of &
G protein allows it to exchange its GOf
for GTP.This causes the G protein to
break up into two active components—g
ot subunit and a By complex, both of
which can regulate the activity of g
proteins in the plasma membrane. The
receptor stays active while the extems
signal molecule is bound to it, and it &
therefore catalyze the activation of may
molecules of G protein.




2. Goa CurHajJbHbIA NYTh
(1) Gs, Gi:
O Crumynupyrommit G-6enok (GS) akruBupyet Ac; Murudupyromuii G-
oenok (Gl), uarudupyet Ac.

OLAM® cunare3upyercs u3z ATD ageHnmaTiuKiIa30il 1 OBICTPO
rugpoansyercsa pocdoauscrepazon HAMO.

OOO6kuHO cyOBbeAMHMIIA 0. PETYIIMPYET [UKIIA3y, XOTS KOMIUICKC [y
TaKXe MOKET 3TO JIe/IaTh.

O(2) Ga:

G( aKTUBHPYET CUTHAIBHBIN ITYyTh HHO3UTOI(POCHOIUNNIA ITYTEM
aktuBaiun dochonumnassl C-b (PLC-b). PLC-b netictByer Ha
docharmmununozuron-4,5-oudocdar [Pl (4,5) P2] ¢
obéeéééepazosanreM: nao3uroi (1,4,5) -rpudocdara (1P3);
JInanunniMnepyuH



Gqg-Coupled
Receplor

AC

PLCH 0"3 Gois
GT GTF

/l"a ‘\nc;s l >
DAG‘/ *;cv‘]

RGS

Regulator of
PKC Catd- KV [eAMP] G-protein signaling

\ \

GPCR Signaling Pathways
* GPCR—GP—Ac—CcAMP—PKA—CREB(CRE-binding protein) + CBP—CRE of target gene
» GPCR—GP—PLCpB —IP3—Ca2+ — Calmodulin—CaM-Kinase

— DAG + Ca2+ — PKC




Kuna3sbl peuentopoB, cBsi3aHHbIX ¢ G-0eakaMu
(GRK-knHa3b1) — 3T0 NPOTEMHKUHA3DI,
(pochopunmpywuue JMIbL AKTUBHBIE PelenTophbl,
cBs3aHHble ¢ G-0esikamu

" Distinct Phosphorylation Sites on the {beta}2-Adrenergic Receptor
Establish a Barcode That Encodes Differential Functions of {beta}-Arrestin
Kelly N. Nobles, Kunhong Xiao, Seungkirl Ahn, Arun K. Shukla, Christopher M.
Lam, Sudarshan Rajagopal, Ryan T. Strachan, Teng-Yi Huang, Erin A. Bressler,

Makoto R. Hara, Sudha K. Shenoy, Steven P. Gygi and Robert J. Lefkowitz (9
August 2011)
Science Signaling 4 (185), ra51. [DOI: 10.1126/scisignal.2001707]

*Knaccuuecku nepenada curnainoB GPCR onocpenyercst mocpeAcTBOM CBSI3bIBAHMS C TeTEpOTpUMEpPHBIMU (G-0€IKaMu, YTO BIIOCIEACTBUU
3aIlyCKaeT CEpUI0 BHYTPUKJIETOYHBIX CUTHAIBHBIX KACKaJ0B U, B KOHEYHOM UTOT€, IPUBOJIUT K U3MEHEHHSIM B KJICTOYHON (PH3UOTIOTHH.
[Tocne aktuBaruu paznuaasie GPCR dpochopunupyrorest kunazamu GPCR (GRK) u BiociencTBuu mpuBIEKAIOT OHY WK 00€ U3 IByX
130(hopM ITUTO30IBHBIX b-appectuHOB (b-appectrr1 u b-appectun2). Ces3siBanue b-appectuHa pa3bequHsIeT perentop ¢ G-6emkoM, Tem
CcaMBbIM TIpeKpanias Win ociadisis onocpeaoBannyo G-0eIkoM nepenady CUTHAIOB (JIeCEHCHOMIIN3AIINIO), U CIIOCOOCTBYET KIIATPUH-
OTIOCPEIOBAHHOMY HJIOIMTO3Y (MHTEPHAIN3AIMH) PeIenTopa.

*B nomonHeHune Kk uX poiy B MpEeKpamieHNH Mepeaad CUTHAIOB, OMoCpe1oBaHHON G-0eIKoM, b-appeCTHHBI TAKXKe CIyKaT
MHOTO(YHKIIMOHAIFHBIMU aJJAaITEPaMHU U IPEoOpa3oBaTesiMi CUTHAJIOB, cBs3biBast GPCR ¢ pacTymuM CUCKOM CUTHAIBHBIX MOJICKYII,
BKJIFOYasi MUTOTEH-aKTHBUpYyeMyto niporerHkuHa3y (MAPK), Tuposunkunasy. C-Src u kunasa Ser-Thr Akt.

*B T0 Bpemsi Kak KJIacCCHYECKHE arOHUCTHI CTUMYIUPYIOT Kak onocpenoBanHble G-0€1IKoM, Tak ¥ OIIOCpeI0BaHHbIE b-appecTHHOM
CUTHAJIbHBIE MEXaHU3MBI, «IIPEAB3AThIC JTUTAHAbD» MOTYT H30MpaTeIbHO aKTUBHPOBaTh (pyHKIMK G-Oenka uiu b-appecTiHa U, TAKHUM
00pa3oM, BbI3bIBaTh pa3nyHble OMOT0rHuecKue 3 eKTsI.

*dochopunupoBanue GPCR Ha nx C-KOHIIaX ¥ BHYTPUKIIETOUHBIX METIAX ¢ moMolnbio GRK 00braHO HE00X0AUMO 1T CBSI3bIBAHUS b-
appecTuHa.

*B otnnuue ot muoxkectBa GPCR, B cemeiictBe GRK Bcero cemp unenoB, u u3 Hux t1oiabko GRK 2, 3, 5 u 6 saxcnpeccupyroTcsi TOBCEMECTHO.
*VccnenoBanus nmoka3piBatoT, uTo pazHble GRK MoryT mo-pasHomy yyacTBOBaTh B IpoLiecCax JA€CEHCUOMIN3AIMHN PELIEITOPOB, SHIOIIUTO3a U
nepeadyn CUTHAJOB.

*M&1 npeanonoxuiy, uto pazubie GRK moryt dochopunupoBats paznuyHbie HaOOpb! caliToB Ha C-KOHIIE M BHYTPEHHUX MHETISAX PELenTopa,
TEM CaMbIM YCTaHABJIHMBAs «IITPUX-KOM», KOTOPHI OyIeT WHCTPYKTUPOBATh WM OMPEEIIAThH KOHPOPMAIUIO, TPHHUMAEMYIO b-appecTHHOM,
KOTOpasi, B CBOIO ouepenb, onpeaeisier Ero GpyHKIroHaIbHBIE BOSMOXKHOCTH.
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depMeHT CBA3aAHHbIE MEMOpPaHHBIE
peuenTopsbl

PenientopHble TUPO3ZUHKHUHA3HI

Penientopsl, CBA3aHHBIE C TUPO3UHKUHA30HU

PerienTopHbIE CEpUH/TPEOHUHOBBIC KHHA3HI

PenenrTopHeie I'yaHUIUIIUKIIA3bI

Jlpyrue

or =~ LN =



1. Peunenropbl THPO3MH KHHA3BI

 MHorue cekpeTupyembie PaKToOpbl pOCTa U TOPMOHBI AEUCTBYIOT
yepes peUENnTOPHBIE TUPO3UHKUHABHI:

dakrtop pocra snutenus (EGF),

®akTop pocta TpoMmOo1uToB (PDGF),

dakTopsl pocta pudpodractoB (FGF),

®dakTop pocta renaronuroB (HGF),

WucynuH, HHCYIUHONON00HBIHN dakTop pocta-1 (IGF-1),
dakTop pocra sHp0Tenua cocyao (VEGF),

daxkTop, CTUMYIUPYOMIHI KonoHnu Makpodaros (M-CGF),
HeitpoTpodunsl

MHorue CUrHaJjJbHBIC 66J'IKI/I, CBSI3aHHBIC C KJIICTOYHOU IIOBCPXHOCTHIO,

TAKKC I[GI\/JICTBYIOT qCpe3 pCUCUITOPHBIC TUPO3NHKHWHA3BI.
— Ddpunsl (Eph): perynupyroT peakiuio KISTOYHOM aAre3ur U OTTaJIKUBAaHUS,
KOTOPBIE HAIIPABJISIIOT MUTPALIMIO KJIETOK U aKCOHOB BO BPEMS Pa3BUTHA.
— Penenropsl Eph: penientopabsie THPO3MHKUHA3EI
— JIByHampaBJICHHas Iepeiadya CUTHAIOB: CBs3bIBaHUE ¢ perentopom Eph MoxkeT
BbI3BaTh aKTHBAIMIO Kak perentopa Eph, Tak u penenropa Eph, Tem cambiMm
W3MEHSS NOBEIECHUE 00€MX KIIETOK.



*AKTHBUPOBAHHbIE peleNTOPbI THPOZMHKUHA3BI (POCHOPUIUPYIOT
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growth factor (EGF) receptor
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(b) Activation of the EGF receptor
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(1) RAS-MAPK Pathway
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Figure 15-55 The activation of Ras
by an activated receptor tyrosine
kinase. Most of the signaling proteins
bound to the activated receptor are
omitted for simplicity. The Grb-2 adapter
protein binds to a specific
phosphotyrosine on the receptor and %
the Ras guanine nucleotide exchange
factor (GEF), which stimulates Ras to
exchange its bound GDP for GTP.The
activated Ras then activates several
downstream signaling pathways, one of
which is shown in Figure 15-56.

Figure 15-56 The MAP-kinase
serine/threonine phosphorylation
pathway activated by Ras. Multiple
such pathways involving structurally and
functionally related proteins operate in all
eucaryotes, each coupling an extracellular
stimulus to a variety of cell outputs. The
pathway activated by Ras begins with a
MAP-kinase-kinase-kinase called Raf, which
activates the MAP-kinase-kinase Mek,
which then activates the MAP-kinase
called Erk. Erk in turn phosphorylates a
variety of downstream proteins, including
other kinases, as well as gene regulatory
proteins in the nucleus.The resulting
changes in gene expression and protein
activity cause complex changes in cell
behavior.




(2) P13-kinase/Protein kinase B pathway
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Extended Reading:

Song MS, Salmena L, Pandolfi PP. The functions and regulation of the PTEN
tumour suppressor. Nat Rev Mol Cell Biol. 2012;13(5):283-96.

PTEN — docdaraza ¢ noiiHoii cyOcTpaTHol criennpruyHOCThIO, TpoayKT rena PTEN.
CybcTparamu 3Toil ocdarazbl MOTYT ObITh KaK O€NIKH, Tak U pocPaTuaAuIMHOZUTON-3-
docdarel. PTEN karanuzupyet otiemienue ¢hocdaTHoi TpyIbl B moiaoxeHuu 3D
MHO3UTOJIBHOTO KoJbla (hocharuananHo3uTo-3-hocdaros.

Ota docdaraza sBIASETCS OJHUM U3 HEMHOTHX HETAaTUBHBIX PETYJISTOPOB
PI3K/AKT/mMTOR-curuanbHOro myTH, 4To jAeiaet e€ antnonkooenkom. ['en PTEN
4acTo ObIBAET MYTHUPOBAH MPHU PA3TUYHBIX THUAX 3JI0KAYECTBEHHBIX OITyXOJIeh

Ponb PTEN

*KneTo4HbIn MeTabonmam
*[ToaBMXHOCTb M NOMAPHOCTb
KIETOK

-OnyxoneBas MyKpocpeaa
*PakoBble CTBOMNOBbIE KINETKM
*AnepHas QyHKUNS

*HesaBuncnmble pyHkumm PISK-AKT




The PTEN-PISK-AKT-mMTOR pathway
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Functions of PTEN in the nucleus
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PerynnposaHne PTEN

[ eHeTn4YecKkoe N3MEeHEHNe
*DnureHeTmn4yeckas perynsyms
[loCcTTpaHCKpUNUMOHHAA perynauns

* [locTTpaHCcNAUMOHHAA MmoanduKaLng
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(3) Cross-talk between signaling pathways
activated by GPCRs and RTKSs

signal molecule Figure 15-61 Five parallel

intracellular signaling pathways
activated by G-protein-linked
receptors, receptor tyrosine kinases,
or both. In this schematic example, the
five kinases (shaded yellow) at the end of

G-protein- receptor each pathway phosphorylate target

linked receptor - tyrosine proteins (shaded red), some of which are

kinase phosphorylated by more than one of the

kinases. The specific phospholipase C
activated by the two types of receptors is
different: G-protein-linked receptors

Gprotein G protein —» phospholipase C Pl 3-kinase activate PLC-[3, whereas receptor tyrosine

\ kinases activate PLC-y (not shown).
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2. PeniennTopbl ¢ aCCOMUPOBAHHbBIE
TUPO3UHKUHAZHON AKTUBHOCTBIO

O [luToxkuubl --penentopsbl --JaK-STAT curnajabHbIi NyTh

JIurannpr. Interferons, cytokines, etc

* JAK cemeiictBo: JAK1-3, Tyk 2 (Just Another Kinase/Janus Kinase)
(cytoplasmic tyrosine kinases)

« STAT cemetictBo: STAT1-7 (Signal Transducer and Activator of
Transcription

» Jaks dochopummpyrotr u aktuBupyior STATS, STATS nmepeHocsT ux
B SIAPO U CTUMYIIUPYIOT TPAHCKPHUAIIUIO

O STATS conep:kar SH2 nomen u eme B3auMoeHCTBYIOT €
akTuBupoBaHubiMu Receptor TK, thus being activated
Independent of Jaks.
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3. Penenrop cepuH/TPEOHUH KHMHA3DI

TGF-f3 superfamily--receptor serine/threonine
Kinases--Smads Signal Pathway

» IIpeoOpa3zoBanue cymnepcemencrBa pakTopa pocra b:

. TGF-bs, akTMBUHBI, CBSI3YIOIIE MOP(POreHETUYECKUE OCIIKU
(BMP) u 1. 1.

« CynepcemerictBo penenrtopo TGF-[3:

. [IpoTenH cepuH / TPEOHMHKUHA3A;

. OIHONIPOXOIHBIM TPAHCMEMOPAHHBIN PELEHTOP;

. Tun 1 ull

* Jluranng cHauvasa CBA3BIBAETCA U aKTUBUPYET romoaumMep tuna ll,
KOTOPBIN PEKPYTUPYET, GPOCPHOPUIIUPYET U AKTUBUPYET JTUMED
penenTopa tina I, oopasys TeTpaMepHbIN PEUENTOPHBIA KOMILICKC.

 Smads



CYTOSOL
~ Smad2 or
a Smad3
serine/
threonine -
kinase
domain
receptor receptor Smad4
TGF- BINDING TO A TYPE-II PHOSPHORYLATED TYPE-]
RECEPTOR CAUSES THE RECEPTOR  RECEPTOR RECRUITS AND
TO RECRUIT AND PHOSPHORYLATE  PHOSPHORYLATES Smad2 PSOSCT;SRRELAT%
A TYPE-| RECEPTOR OR Smad3 md e
DISSOCIATES FROM
THE RECEPTOR AND
OLIGOMERIZES WITH
/ THE Smad2/3-Smad4 oueomen\ Smad4
MIGRATES TO NUCLEUS, RECRUITS

OTHER GENE REGULATORY PROTEINS,
AND ACTIVATES TRANSCRIPTION OF
. SPECIFIC TARGET GENES

‘ other gene regulatory proteins
v
TGF-B-response [ rARGET GENE TRANSCRIPTION

element in
target gene

Figure 15-65 A model for the
Smad-dependent signaling pathwy
activated by TGF-f. Note that TGF
a dimer and that Smads open up to
expose a dimerization surface when thy
are phosphorylated. Several features of is
pathway have been omitted for simplicy
including the following: (1) The type-
type-ll receptor proteins are both thogh
to be dimers. (2) The type-| receptors i
normally associated with an inhibitory
protein, which dissociates when the ty
receptor is phosphorylated by a typel
receptor. (3) The individual Smads are
thought to be trimers. (4) An anchorig
protein (called SARA, for Smad anchor s
receptor activation) helps to recruit
Smad2 or Smad3 to the activated type
receptor by binding to the receptor,t
the Smad, and to inositol phopholipid
molecules in the plasma membrane.
(5) The function of certain Smads is
regulated by enzymes that enhance ther
ubiquitylation and thereby their
degradation.




4 PenenTop ryanMJn MMKJIa3a

PenenTopHble I'yaHUJIWIIMKIA3bI: OJJHOIIPOXOIHBIE TPAHCMEMOpPAHHbBIE OCIIKH.
 [T'enepupyer ul MO B 0TBET Ha pa3ApaKUTEIIN.

e [II'M® cBszbiBaet / aktuBupyeT Ul MdP-3aBUCUMYIO CEpUH / TPEOHUHOBYIO
nporeunkuHasy (PKGQG).

* llpencepaupie HATPUHYPETHIECKUE NENTHIbI (ANP) B Ka4€CTBE CUTHAJIbHBIX
MOJIEKYJI: PETYJIUPYIOT COJIEBOM U BO IRbl , -
COCYJIBI. |1 Guaryum, 57a

‘/ HO enzymatically produced

or derived from HO donors

Ligand
gand @ membrane-bound GC

{GC-A, GC-B...GC-F)

NO-sensitive GC
- 27- P2 3]

= 3, 5-oyclic GMP

Guanylate cyclase activity
jatrial naturetic factor)

cGMP-dependent cGMP-regulated cGMP-regulated
protein Kinases phosphodiesterases ion channels

N7

cellular effects



Extended Reading:

Majid S, Saini S, Dahiya R. Wnt signaling pathways in urological cancers: past decades and still
growing. Mol Cancer. 2012;11(1):7.
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JnepHblie peenTopsbl

SlnepHbIe penenTopsl - ATO JIUTAHA-AaKTUBUPYEMBIE
pPEryJISITOPHBIE OCJIKU T€HOB

— CrepouiHbIe pEeUENTOPbI

— PeTnHOUIHBIEC PEIIETITOPHI

— Opdanubie penenTopbl

— Jpyrue
HekoTopsie HEOO0abIINE THAPO(DOOHBIE CUTHATIBHBIE
MOJIEKYJIbI, TAKKE KAK CTEPOU/Ibl, TAPOUJIBI, PETUHOUIBI U
BUTaMuH D, MoryT n1uddyHIupoBaTh HEIOCPEACTBEHHO YEpe3
J1a3MaTHYECKY0 MEMOpPaHy 1JIs1 CBSI3bIBAHUS C SACPHBIMU
perenToOpamu.

— IlepBuYHBIN OTBET

— BropuyHbIil OTBET



Figure 15-13 The nuclear receptor superfamily. All nuclear hormone
receptors bind to DNA as either homodimers or heterodimers, but for
simplicity we show them as monomers here. (A) The receptors all have a
related structure. The short DNA-binding domain in each receptor is shown
in green. (B) A receptor protein in its inactive state is bound to inhibitory
proteins. Domain-swap experiments suggest that many of the ligand-binding,
transcription-activating, and DNA-binding domains in these receptors can
function as interchangeable modules. (C) The binding of ligand to the
receptor causes the ligand-binding domain of the receptor to clamp shut
around the ligand, the inhibitory proteins to dissociate, and coactivator
proteins to bind to the receptor’s transcription-activating domain, thereby
increasing gene transcription. (D) The three-dimensional structure of a
ligand-binding domain with (right) and without (left) ligand bound. Note that
the blue o helix acts as a lid that snaps shut when the ligand (shown in red)
binds, trapping the ligand in place.
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PeryjssiTopHble MeXaHU3MBbI IepeaaYd CUTHAJIA

e [IocTtTpancasiuonHas moaudukamus (IITM):

*dochopunrpoBanme, aleTuapoBanue, meruanporanue, SUMO,
yOUKBUTHH U T. /I.

* beTkoBO-0€IKOBOE B3aMMOICHCTBUE U OCTTKOBBIA KOMILICKC:
[ omogumep, I ereponumep, Ilonmumep u 1. /1.
*benok-/IHK/PHK/munuae/mansie Monekyiibl U T. /1.

'I[OMCHI)I N CUT'HaJIbHAsA CCTh.

. SH2 (pTyr), SH3 (PXXP), PH u . ]I.



SUMMARY

Cytokine-activated receptors initiate intracellu-
lar signaling by recruiting protein kinases that IFNaR1 IFNaR2
phosphorylate the receptors on tyrosine resi-

dues, thus enabling docking of SH2 domain-
bearing activating factors. Here we report that gj{}g% i %{WQ\{?@E

in response to type 1 interferon (IFNw), IFNo
receptors recruit cytoplasmic CREB-binding

protein (CBP). By binding to IFN«R2 within the 58@
region where two adjacent proline boxes bear AT CH3CO-
phospho-Ser364 and phospho-Ser384, CBP \
acetylates IFNaR2 on Lys399, which in turn STAT1

serves as the docking site for interferon regu-
latory factor 9 (IRF9). IRF9 interacts with the
acetyl-Lys399 motif by means of its IRF ho-
mology2 (IH2) domain, leading to formation of
the ISGF3 complex that includes IRF9, STAT1,
and STAT2. All three components are acety-
lated by CBP. Remarkably, acetylation within
the DNA-binding domain (DBD) of both IRF9 :
and STAT2 is critical for the ISGF3 complex @ STATz STAT2
activation and its associated antiviral gene reg-

ulation. These results have significant implica-

tions concerning the central role of acetylation

in cytokine receptor signal transduction.

A model for CBP-mediated acetylation cascade in IFMNx signal transduction

STAT2
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Fig. 1. Schematic representation of EGF-regulated microRNAs and
transcription factors that converge on target genes. In parallel to the
transcription factors (TFs) that are activated by EGF signaling and
mediate transcriptional activation of corresponding immediate early
genes (IEGs), immediate down-regulated microRMAs (ID-miRs) that
act to repress IEG translation are down-regulated by an unknown
mechanism. The protein products of the IEGs induced by EGF sig-
naling collectively stimulate transcription of delayed eardy genes
(DEGs) to complete the response cycle.

Jason |. Herschkowitz and Xiaoyong Fu. MicroRNAs Add an Additional Layer to the Complexity of Cell Signaling. Sci. Signal.4

(184), jc5. [DOI: 10.1126/scisignal.2002182]




