RECETTORI COLLEGATI AD ENZIMI



v'Recettori tirosina chinasi

v’ Recettori associati a tirosina chinasi
v’ Tirosina fosfatasi simili a recettori
v’ Serina\treonina chinasi recettoriali

v’ Recettori guanilico ciclasi



RECETTORI TIROSINA CHINASI



SIGNALING LIGAND RECEPTORS SOME RESPONSES
Epidermal growth EGF receptor stimulates proliferation
factor (EGF) of various cell types
Insulin insulin receptor stimulates carbohydrate

Insulin-like growth
factors (IGF-1 and IGF-
2)

Nerve growth factor
(NGF)

Platelet-derived growth
factors (PDGF AA. BB,
AB)

Macrophage-colony-
stimulating (M-CSF)

Fibroblast growth
factors (FGF-1 to FGF-
24)

Vascular endothelial
growth factor (VEGF)

Ephnins (A and B types)

IGF receptor-1

Trk A

PDGF receptors (ot and
B)

M-CSF receptor factor

FGF receptors (FGF-R1-
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Eph receptors (A and B
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utilization and protein
synthesis
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signals 1n development

stimulates angiogenesis

stimulate angiogenesis;
guide cell and axon
migration
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PDGF: Platelet Derived Growth Factor
FGF : Fibroblast Growth Factor
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Ras (GTPasi monomeriche)

INACTIVE

Rho: dai recettori al citoscheletro

Rab: trasporto intracellulare
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FUNZIONE DI RAS: I SUOI EFFETTORI
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Ral MEK Ca?* signalling Survival signals
1 1 Cytoskeletal remodelling
Gene expression
Fusogenic lipid synthesis ~ ERK/MAPK Vesicular transport
Cytoskeletal remodelling
Endocytosis
Vesicle targeting by
the exocyst
Cell proliferation Protein kinases (for example, Rsk, Mnk)

and gene expression  Phospholipass A,
Multiple transcription factors
(for example, AP-1 family and TCFs)
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MAP chinasi
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Ras superfamily
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FUNZIONE DI RAS: I SUOI EFFETTORI
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MAP chinasi (mitogen-activated protein kinases)
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Growth factor
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Ras\MAPK puo essere attivato anche da GPCR
via altri GEF-Ca** e DG-dipendenti

= GPCR

PLC

Ca++

SOS1 RasGRF1 RasGRP

LN

M- Ras R- Ras

Current Opinion in Cell Biology



PI 3-CHINASI (PI3-K)



CATALIZZA LA FOSFORILAZIONE DI INOSITOLO FOSFOLIPIDI SULLA POSIZIONE 3 DELLUANELLO
DELLINOSITOLO PER GENERARE LIPIDI QUALI
Pl 3,4-BIFOSFATO E PI 3,4-TRIFOSFATO (sono siti di attacco per proteine con domini PH)

4

CRESCITA CELLULARE
SOPRAVVIVENZA
TRAFFICO VESCICOLARE



phosphatidylinositol Pl 4-phosphate Pl 4,5-bisphospha
Pi) (PH4)P] (P(4,5)P,)
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FAK Cdc42
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Attivatori di PI3-K

Rho Recettori
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Downstream targets AKT\PKB
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Esempio dell’'importanza dei domini

PH:
MANCATA PRODUZIONE DI
ANTICORPI

activated B cell receptor complex
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Akt/PKB



AKT/PKB ‘E UNA SERINA\TREONINA CHINASI ATTIVATA MEDIANTE
RECLUTAMENTO ALLA MEBRANA DA PARTE DI PIP; E FOSFORILAZIONE IN SERINA

Pl 3.4-b|spﬁosphahe
Cytosol
PH domailn

Kinase
domaln

Activation

Partlally P P
active PKB Fully active PKB

Inactive PKB
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Gag

PH
domain

Catalytic
domain

Regulatory
domain
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[ v-Akt (Gag-PKB)

DPKB-66




La seq aa di Akt/PKB e estremamente conservata durante I'evoluzione,
in particolare nei domini PH, chinasico e nella coda

Mouse Akt1

Human Akt1

G. gallus Akt

D. melanogaster AKt1
C.elegans Aktla

il
Bl

PH Domain Kinase Domain Tail

C.elegans Akt1b

Human Akt2

C.elegans Akt2

Human Akt3
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Akt fosforila proteine coinvolte nel:
P13-K signaling

-Metabolismo

-regolazione NO

-inibizione apoptosi



AKT e BAD

survival signal

PI(4,5)P,

PN do:\:ins

activated receptor Pl 3-kinase
tyrosine kinase

phosphorylation
and activation /¢
of PKB by PDK1

dissociation

inactivated BAD

14-3-3
protein

active PKB 0 o

BAD

inactive death-
inhibitory protein

active death-
inhibitory protein



Table 2 | Frequency of mutations in the PI3K-AKT pathway in cancers

Genetic mutations Cancer type

PIK3CA (p1100)

Mutations # Breast
# Colon

Glioma

# Hepatocellular

Ovarian
Lung

Gastric

Amplifications Head and neck
# Thyroid
Lung:
# Squamous cell
Adenocarcinoma
Breast

# Gastric

Oesophageal
adenocarcinoma

# Cervical

Percentage
frequency*

26%(176/684)

26% (88/337)
8% (14/182)

36%(26/73)
10%(35/365)
2% (4/253)
7% (24/338)

42%(54/128)
9% (12/128)

66% (46/70)
5% (4/86)
9% (8/92)
36% (20/55)
6% (5/87)

69% (11/16)
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STUDIANDO LE MUTAZIONI DI p110c. NEI TUMORI E IDENTIFICANDO LA STRUTTURA 3D
DELLUETERODIMERO p85/p110, ‘E STATO IDENTIFICATO UN NUOVO MECCANISMO DI
ATTIVAZIONE DI PI 3-KINASE:

- la p85 lega p110a costringendola in una configurazione inattiva
- in seguito a reclutamento di p85 al recettore fosforilato, I'interazione SH2-recettore
fosforilato, induce un cambio di configurazione di p85 che permette la rimozione

dell’interazione inibitoria su p110

- il cambiamento deII’interazionegSS/pllO permette l'interazione di p110 con Ras-GTP

Oncogenic PI3K

Miled et al. Science, July 2007



Le proteine tirosina chinasi
citosoliche della famiglia Src



La famiglia Src comprende 10 membri:

Src, Yes, Fyn —> espresse ubiquitariamente
Blk, Fgr, Hck, Lck, Lyn —> sistema ematopoietico
Frk, yK — cellule epiteliali

U

Proliferazione
Adesione
Movimento
Differenziamento
Sopravvivenza



Amino Carboxy

terminus terminus
¢-Src Myr—— SH3 |H SH2 Kinase o
‘ , ’ 527
Funzione regolatoria ATP Csk ADP

Interazione con altre proteine

l

Ancora Src alla ) o
Funzione inibitoria

membrana plasmatica



Src

Conformazione CHIUSA: Src

inattiva e fosforilata sulla Tyr
527

Switch

Conformazione APERTA: Src

attiva e fosforilata sulla Tyr
416

Latch
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INACTIVE ACTIVE
ASSEMBLED

kinase domain
N-terminal lobe

Substrate

kinase domain
C-terminal lobe
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n-Src loop oC helix

SH2-kinase linker
SH3 hydrophobic pocket Kinase hydrophobic pocket

n-Src loop RT loop [/[3 283 loop
\ - N-termina
Kinase lobe
SH3 ‘ )\ oC helix
—% § '\/, B3-a.C loop

region -
X9 J\' sesrree™~ Active site
‘ '.: ~ o N
. Activation
sz "0 /g > oop
/' ~
VA
/ \r/ | C-terminal
\ kinase lobe
Specificity Phosphotyrosine
pocket C-terminal pocket

regulatory tail
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A. Avogadro
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Src

SH3 and/or
SH2 ligands

unclamping
switching Tyr 416
...... (N-Sobe phosphorylation
Sa vae s

. Tyr 527
(J unlatching dcgnos

phorylation §
Y 527
Src is activated by:

e SH2 domain agonists, i.e.receptor docking sites, other proteins.

e SH3 domain agonists, i.e. binding of Src SH3 domain to specific PXXP sequence
(Nef of HIV, .....)

e other proteins which destabilize the inhibitory intramolecular interactions (Gas).
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Antigens

Growth factors 5 Cytokines
(PDGF, EGF, CSF-1) (IL-2 etc.)
Oxidative stress G protein coupled receptors
: (LUV) pru(’lhromb?n, LPA)
Mitosis (Extracellular
\ / matrix)
V
LS:C family tyrosine kmases
] Cytoskeletal
reorganization
(stress fibres,
Mitotic fUnCliOl’\S. focal achslonsl
(Sam68 phosphorylation) idylinositol /
3-I<mase activation
Stress pathway &

Ras pathway
£ 1995 Current Opinion in Cell Biokogy
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