SIGNAL TRANSDUCTION



Membrane receptors

- /-pass receptors

- Tyrosine kinase receptors

- Serine-treonine kinase receptors
- Cytochine receptors

- Chanel receptors

We will focus our attention on specific signal transduction pathways:

- Adenylyl ciclase

- Phospholipase C (B and y)
- RAS-MAPK

- PI13-kinase
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7 pass-transmembrane receptors:
G Protein Coupled Receptors (GPCR)

Extracellular side

A

Carbohydrate

Cytosolic side

Figure 13.10 Structure of a G protein-coupled receptor
The G protein-coupled receptors are characterized by seven transmembrane
o helices.
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Structure of G-protein-linked receptors

COCK

(b) NH, J
{ Predicted extracellular domain
i [ Extracellular B Predicted fransmembrane domain
" II " " " " " " " " " " " " " " " " " " " " [ Predicted intracellular domain
Plasma

Intracellular

\_CooH

FIGURE 17-3

Structural organization of seven-helix receptors. (a) A linear representation of the receptor
structure. Seven blocks of hydrophobic amino acids (1-7) form helices that are predicted to
span the membrane. The helices are linked by loops that are alternatively outside (E) or
inside (C) the cell. Similarly, the amino-terminal tail is outside, whereas the carboxy-
terminal rail is inside. (b) A view of the proposed folded structure of the receptors.
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G-protein-linked receptors are coupled
to trimeric G-proteins

Ligand
Receptor ¢ NH;

G Protein

Copyright 1988 John Wiley and Sons, Inc. All ighis ressred
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Activity of the & subunit is terminated
by hydrolysis of the bound GTP, and
the inactive GDP-bound & subunit
then reassociates with the By complex.

G protein activity regulation

O

GTP
hydrolysis

In the inactive state,
the « subunit is bound
to GDP in a complex

with B and 7.

Receptor

protein
{inactive state)

____—Hormone

Receptor

Nucleotide
exchange

The activated GTP-bound
o subunit and By complex
then dissociate from the
receptor and interact with
their targets.

G protein
{active state)

Target proteins
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E G proin
(inactive state)

Hormone binding induces an interaction of the
receptor with the G protein, stimulating the
release of GDP and the exchange of GTP.
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Table 7.1 Endogenous ligands for G-protein-coupled receptors

e

Small molecules Glycoproteins Peptides
Acetylcholine Lutropin Angiotensin
Adenosine Thyrotropin Bombesin
Adrenaline FSH Bradykinin
Cannabinoids C5a
Dopamine Calcitonin
Histamine _ Cholecystokinin
Leukotrienes Endothelin
. Prostaglandins f-MetLeuPhe
Retinal Glucagon
Serotonin Neurokinins
Neuropeptide Y
Neurotensin
Opioids
Oxytocin

Parathyroid hormone

Somatostatin

Thrombin (amino-terminal
cleavage peptide)

Vasopressin

= e
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Bersagli delle proteine G

PROTEINA EFFETTRICE
4 Proteina G | Stimolata Inibita

85 Adenilato ciclasi

olf
G; (3) | o S
@ Canale per il K+, Pl 3-chinasi Adenilato ciclasi
G,
Cois Altri canali cationici
G; (2) GMP ciclico fosfodiesterasi
Gq (4) Fosfolipasi-Cp
G
G Rho GEF
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(c) Odorant molecule K+
cAMP-activated
ion channel ™\

(a) Photon Na*  Co2*
} cGMP-activated
ion channel ™\

(b) B-adrenergic agonist

cAMP-dependent

- -—"'" protein kinase
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Table 15-3 The Major Families of Trimeric G proteins*

Some Family
Family Members o Subunits Functions

Modified by
Bacterial Toxin

I (3 0y activates adenylyl cyclase;
activates Ca** channels
G Oyt activates adenvlyl cyclase in
olfactory sensory neurons
| G; 0 inhibits adenvlyl cyclase;
activates K* channels
(1, O activates K channels;
inactivates Ca-* channels;
activates phospholipase C-J3

G 0 activates cyclic GMP phospho-
(transducin) diesterase in vertebrate rod
photoreceptors
1 (74 Ol activates phospholipase C-J3

cholera activates
cholera activates
pertussis inhibits

pertussis inhibits

cholera activates
and
pertussis inhibits

no effect

*Families are determined by amino acid sequence relatedness of the « subunits. Only selected
examples are shown. About 20 ¢ subunits and at least 4 p subunits and 7 y subunits have been

described in mammals.
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8 % ecopto
R Different G-proteins: \é
G ;:rﬂtem-;t'i‘.'\D%?_ﬁ_} o»

O (s stimulates adenyl cyclase
ATP - AMPc /

C i inhibits adenyl cyclase
ATP —5%— AMPc M
O (Ut: stimulates cGMP phosphodiesterase GMPc \

l

5’-GMP

O (g, Oo: stimulates PLC-[3
PIP2 —— |P3+DAG
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- Adenylyl ciclase
- phosphodiesterase
- Phospholipase C-f3
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Hormone

Adenylyl cyclase
Receptor —_ :

Activated
G protein

Plasma membrane % .

Figure 13.11 Hormonal activation
of adenylyl cyclase

Binding of hormone promotes the in-
teraction of the receptor with a G pro-
tein. The activated G protein o subunit
then dissociates from the receptor and
stimulates adenylyl cyclase, which cat-
alyzes the conversion of ATP to cAMP.

G protein
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Neuro- Norepinephrine Glutamate Dopamine
transmitter __ ' _ ' . ' _
Receptor
G-protein * S :
Effector Adenylyl cyclase Phospholipase C Adenylyl cyclase
Pfﬂte'in / \ ei
Second cAMP Diacylglycerol 1P, cAMP
m— L y
Later Protein kinase A Protein ~ Ca*™" Protein kinase A
effectors | kinase C  release

°) N g
Target Increase protein Increase protein Decrease protein
action phosphorylation phosphorylation; and activate phosphorylation

calcium-binding proteins
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Adenyl cyclase pathway

(@3 / ATP
o

Copyright 1988 John Wiley Bnd Sans, Inc. Al rights raseryed
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cAMP activates the
protein kinase A (PKA)

cyclic AMP

|

My,
inactive

A-kinase -

,.:I,”“

regulatory inactive complex of = -
subunit catalytic cyclic AMP and TN
subunit regulatory subunits

active catalytic
subunits
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Protein kinase A

Inactive Active

Protein phosphatase 1
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Protein kinase A

Active

Inactive

Protein phosphatase 1
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Inactive Active

Protein kinase A

Phosphorylase kinase Glycogen synthase

Active

Inactive

Active

Inactive

Figure 13.20 Regulation of glycogen
metabolism by protein kinase A
Protein kinase A phosphorylates both
glycogen synthase and phosphorylase
kinase. Glycogen synthase (which cat-
alyzes glycogen synthesis) is inhibited
/ \ by this phosphorylation, whereas
phosphorylase kinase is activated.
Phosphorylase kinase then phosphory-
lates and activates glycogen phospho-

rylase, which catalyzes the breakdown
of glycogen to glucose-1-phosphate.

Glycogen
phosphorylase

Glycogen Glucose-1-phosphate
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Inactive
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e

ATP
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Hormone

cAMP

PKA is a Inactive form@
of inhibitor-1

serine-threonine kinase

PKA

Active form
of inhibitor-1

Level of protein
phosphorylation

increased

I

Level of protein
phosphorylation | <=

decreased
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- Adenylyl ciclase
- Phosphodiesterase
- Phospholipase C
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Olfaction and vision depend

on G-protein-linked receptors
Olfactory receptor

maodified cilia

— plfactory neuron

A\ = —— supporting cell

basal cell

basal lamina ¥/ W :
i o 2 .
e T—— axon o ;

Y " :
L ui ik

, nuckeus synaptic body
discs of yaps

photoreceptive
membrang

plasma
mermbrane

outer innar
sagment segment
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Light

s Rhodopsin

> /Re’[inal

Phosphodiesterase

Plasma
membrane

Transducin
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Signal amplification

Phosphates
. : Adenylyl Cyclic Protein P
Receptor G-proteins : ; : transferred to
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Vie di segnalazione
convergenti e divergenti

10y

A B C
R1 R2 R1 R2 R3 R1 R2 R3
Y Y \ Y /
G1 G2 G2
Y v Y
E1 E2 E2
D E
R2 R2
/ Y \ Y
G1 G2 G3 G2
i Y l / Y \
E1 E2 E3 E1 E2 E3
Copyright © 2002, Elsevier Science (USA). All rights reserved.
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Solo per uso didattico - vietata la riproduzione o la vendita




Second Second

messenger Substrate messenger
\ protein /
Protein Protein
kinase phosphatase
Substrate
protein—P
Altered
physiological
response

Copyright © 2002, Elsevier Science (USA). All rights reserved.
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- Adenylyl ciclase
- Phosphodiesterase
- Phospholipase C-$3
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Neuro- Norepinephrine Glutamate Dopamine
transmitter _ o } b
Receptor  NUmpad- | :.' _WW '
G-protein )
e °y —— °
Effe_ft_ﬂl' Adenylyl cyclase @spholipase® Adenylyl cyclase
protein P J / \ a l
Second cAMP Diacylglycerol 1P, cAMP
" T y
Later Protein kinase A Protein ~ Ca*™" Protein kinase A
effectors | kinase C  release

°) N g
Target Increase protein Increase protein Decrease protein
action phosphorylation phosphorylation; and activate phosphorylation

calcium-binding proteins
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La segnalazione mediata dalla proteina G eterotrimerica

o PIP,  DAG

Idrolisi del PIP,
in |P3 e DAG

La proteina G
attivata

Proteina G
trimerica

Recettore si dissocia o
attivato °
Canale del Ca2* ©
controllato dall’lP3
CITOSO (Liberazione di Ca2* )
O
o RETICOLO Caz+ o o
© ENDOPLASMATICO o © ¢

Solo per uso didattico - vietata la riproduzione o la vendita



Phosphatidyl inositids
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Phospholipase C-3 Pathway

fatty acid chains of inner
lipid monolayer of
plasma membrane
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1

Figure 15-38Molecular Biology of the Cell (© Garland Science 2008)

inositol 1,4,5-trisphosphate (IP3)
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» | Ca2+ mobilization |
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plasma
membrane

cAMP PATHWAY Ca®* PATHWAY
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Dopo uno stimolo si verificano molti processi di adattamento

Risposta Si |ega
relativa I'agonista

B (@ Fesforllazione del recsttore -
@ Unione dell'arrestina @ Agonista
. GPCR

@ Endocitosi
del racattore

@ Degradazione andosomica
del racsttore

EFFETTORI

(3) Endocitosi
del recetiore

@ Inibizione della traserizione
dal racattora

1 10 100 1000
Tempo (secondi)

Aagiunta P
de [l%gg onista Riciclaggic
delrecettore

Endosoma
intziale

(5) La trascriziona
1 del recettore
& inibita

i

Lisosoma
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Solo

Membrane receptors

[/-pass receptors

Tyrosine kinase receptors
Serine-treonine kinase receptors
Cytochine receptors

Chanel receptors
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immunoglobulin-

_plasma
cyTosoL Me mbrane

like domain
cysteine- | /
rich [k
domain - f-::i?ﬂ
i
[
tyrosine - kinase
kinase insert
domain region
L I
EGF insulin NGF FGF
receptor receptor, receptor receptor
IGF-1 PDGF VEGF
receptor receptor, receptor
M-CSF
receptor

From The Art of MEoC® € 1935 Garland Publizhing, Inc.

Solo per uso didattico - vietata la riproduzione o la vendita




Famiglie di recettori-tirosina chinasi

Sequenze
DELLA CHINASI Inserite  {
nella chinasi
Recettore Recettore
delllEGF dell’insulina
Recettore Recettore
del PDGF dell'FGF
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Outside
of cell |

o subunit .
domains

Ig-like

Cysteine-rich
domains

Plasma
membrane

Tyrosine
kinase
domain

Cytc-sol EGF receptor Insulin receptor PDGF receptor
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Receptor dimerization Autophosphorylation

factor

Plasma
membrane

Plasma
membrane

Plasma
membrane

Tyrosine —
kinase \
domain

Quale esperimento puo aiutarci a dimostrare che avviene la transfosforilazione?
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Vie di segnalazione del recettore

Ormone
Ligando PDGF Insulina  della crescita IL-13 TGF-P
Recettore Recettore Recettore Recettore Recettore
Recattore del PDGF  dellinsulina  delGH  dellaIL-1p  del TGF-B
Adattatore/ |
cubunita SHP2/Grb2 RS1 gp130
Trasduttore SOS/Ras Pl 3-chinasi JAK JAK ij:gttore
‘ l i tipo |
S MAPK Akt2
di chinasi l l
Complesso Fattori del FOXO STAT STAT SMAD
di fattori complesso
di trascrizione ternario
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Le proteina chinasi sono enzimi con due substrati

SUBSTRATO 1 SUBSTRATO 2
(residuo di serina) (Mg2+ - ATP)
|
N —H |
1 M-92+
im0 T 9
Hol=CHa = QR o DZ=p=g =beig=e=C
l | | I
r,\l —H 930 L9,
c=0 ¥ B«
(Mg?* - trifosfato)
Ribosio
( PROTEINA CHINASI )
PRODOTTO 1 PRODOTTO 2
(Proteina fosforilata) (Mg2* - ADP)
|
a Mg2+ Adenina
y¢=C ? &
_(I:—CHQ_O—E’-O O—rl’—o—ﬁ’—o— H2
L O L O O,
C=0 B «
(Mg?* - difosfato)
Ribosio
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Domini SH2 legano specifiche pTyr
Domini SH3 legano zone ricche di proline

PDGF
plasma mer_r_n_br_ane receptor

CYTOSOL

B il Pl 3-kinase 8 split
{regulatory subunit) ™ 7591 tyrosine
kinase

EE GTPase-activating —— () Heiraate

protein {GAP)

phospholipase C-y -
9 {(PLC-y) -

SH2 domains SH3 domain
(A)

La specificita di riconoscimento dei domini SH2 e dovuta agli aminoacidi
che circondano la pTyr
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SH2 Domain Binding Motif References

Abl [pY] [E/T/M] [N/E/D] [P/VIL] (Songyang et al., 1993)
Blnk [pY] [D/Q] [D] [V] (Kabak et al., 2002)

Cbl [N] [X] [pY] [S/T] [X] [X] [P] (Lupher et al., 1997)

Crk [pY] [D/K/N] [H/F/R] [P/VIL] (Songyang et al., 1993)
Csk [PY] [T/A/S] [KIRIQ/N] [M/IIVIR] (Songyang et al., 1994)
Fes [PY] [E] [X] [VN] (Songyang et al., 1994)
Fgr [PY] [E/Y/D] [E/N/D] [I/V] (Songyang et al., 1993)
Fyn [pY] [E/T] [E/D/Q] [I/VIM] (Songyang et al., 1993)
Grb2 [pY] [I/V] [N] [I/L/V] (Rodriguez et al., 2004)
(SEM-5) [pY] [L/V/] [N] [V/P] (Songyang et al., 1993)
Grb7 [F/Y] [pY] [E/T/YIS] [N] [VLIVIPITIYIS] (Rodriguez et al., 2004)
Grb10 [F/Y] [pY] [E/T/YIS] [N] [VLIVIPITIYIS] (Rodriguez et al., 2004)
Itk [pY] [A/E/NV] [YIFIEISINIV] [P/F/I/H] (Bunnell et al., 2000)

Lck [pY] [E/T/Q] [E/D] [IIVIM] (Songyang et al., 1993)
Nck [pY] [D] [E] [P/DIV] (Songyang et al., 1993)
PI3K [PY] [M/IIVIE] [X] [M] (Songyang et al., 1993)
PLCG1_N [pY] [V/IIL] [E/D] [LN/V] (Songyang et al., 1993)
PLCG1 C [pY] [V/I/L] [E/D] [P/VIT] (Songyang et al., 1993)
PTPN6_N [PY] [F] [X] [F/P/LIY] (Songyang et al., 1994)
PTPN6_C [X] [X] [PY] [Y] [M] [K/R] (Beebe et al., 2000)
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PTPN11 C [T/VIIIY] [X] [pY] [A/sltiv] [XI [ IIvIl)  (Sweeney et al., 2005)

Rasa_ N [PY] [I/L/V] [X] [@] (Holland et al., 1997)

Rasa C [PY] [X] [X] [P] (Holland et al., 1997)

SH2D1A [T][1] [PY] [X] [X] [V] (Poy et al., 1999)

SH2D1B [T][1] [PY] [X] [X] [V] (Poy et al., 1999)

SH3BP2 [PY] [E/M/V] [N/IVT] [X] (Songyang et al., 1994)

SHB [PY] [T/V] [X] [L] (Karlsson et al., 1995)

Shcl [pY] [VE/T [X] [I/LIM] (O'Bryan et al., 1996)

Shc2 [pY] [IM/T/DIL] [M/] [M/FNTY V] (O'Bryan et al., 1996)

Shc3 [PY] [L/IMN/Q] [M/Y] [I/LIMIV] (O'Bryan et al., 1996)

SHIP [pY] [Y/SITN] [Lly/n/l/elf] [LIN/I/e/l] (Sweeney et al., 2005)

Src [PY] [EDT] [ENY] [IML] (Songyang et al., 1993)
STAT1 [pY] [D/E] [P/R] [R/IPIQ] (Wiederkehr-Adam et al., 2003)
STATS3 [PY] [X] [X] [Q] (Stahl et al., 1995)

Syk C [pY] [Q/T/E] [E/Q] [L/I] (Songyang et al., 1994)

Tns [PY] [E] [N] [F/I/V] (Songyang and Cantley, 1995)

Vavl [pY] [M/L/E] [E] [P] (Songyang et al., 1994)
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G Protein-linked receptors

Acetylchaline, histamine |
WA, 5-HT, ATP, PAF, TX Az,
Glutamate, Angiotensin |1,
Vasoprassin, Bradykinin,
Substance P, Bombesin,
Meuropeptide Y, Thrombin,
Cholecystokinin, Endothelin,
Neuromedin, TRH, GnAH,
PTH

2
Odorants, Light J PLCP /-> IPy —| IPJR | ——>Ca""
PIP, / i
Tyrosine kinase-linked receptors PLCy \uDAG — | PKC
| Cellular
act;.*ity
PDGF : -
: : mitogenesis
EGF, etc. ‘> PIBK ——> PIP, og |
" [ @AP | Ras)—>(Raf

After M. J. Barridga, raprintsd with parmission from Mature vol. 364, p 315, 1983 O Gopynght 1883 by Macmiiisn Journats Limitad,
Copyright 1988 John Wiley end Sona, Ing, All rghis reserved
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» | Ca2+ mobilization |
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Calmodulin
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PH
GPcR —» PLc8 J— X H Y

PH SH2 SH3

%Pwﬂl—xlﬂlff "

A cosa serve il dominio PH?

Cosa riconosce?

Conosci altri domini con funzione simile?
Qual e la differenza?

Cosa riconosce il dominio SH3?

The hydrolysis of PIP2 is activated downstream of both G protein-coupled
receptors and tyrosine kinase receptors. This occurs because one form of
phospholipase C (PLC-P) is stimulated by G proteins, whereas a second (PLC-y)
contains SH2 domains that mediate its association with activated receptor
protein-tyrosine kinases. This interaction localizes PLC-y to the plasma

membrane as well as leading to its tyrosine phosphorylation, which increases its
catalytic activity.
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Pleckstrin homology domain (PH domain)

- protein domain of approximately 120 amino acids that occurs in a wide
range of proteins involved in intracellular signaling or as constituents of the
cytoskeleton.

- this domain can bind phosphatidylinositol lipids within biological
membranes and proteins such as the By-subunits of heterotrimeric G
proteins and protein kinase C.

- through these interactions, PH domains play a role in recruiting proteins to
different membranes, thus targeting them to appropriate cellular
compartments or enabling them to interact with other components of the
signal transduction pathways.



Fosfatidil inositidi fosforilati in posizione 3 servono da sito di aggancio per
proteine che contengono domini PH (plextrin homology).
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Let’'s focus our attention on specific signal transduction pathways:

- Phospholipase C-y
- RAS-MAPK
- PI3-kinase
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G Protein-linked receptors

Acetylcholine, histamine |
MNA, 5-HT, ATF, PAF, TXAz,
Glutamate, Angiotensin Il,
Vasopressin, Bradykinin,
Substance P, Bombesin,
Meuropeptide Y, Thrombin,
Cholecystokinin, Endothelin,
Neuromedin, TRH, GnRH,
PTH

2
Odorants, Light J PLCP /> IPy —| IPsR |——>Ca™"
PIP, / l
Tyrosine kinase-linked receptors ~—> | PLCy \,D AG — | PKC -
Cellular
actgaity
PDGF : :
: 3 mitogenesis
EGF, etc. > PIBK — > PIP, St

After M. J. Barridga, reprintsd with parmission from Mafure vol. 361, po 315, 1953 O Copynght 1883 by Mecmilian Journsts Limitsd,
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Ras: proteina G monomerica

Ras is converted to the active
GTP-bound state by exchange

of GTP for bound GDP, which

is stimulated by guanine nucleotide
exchange factors (GEFs).

Plasma
membrane

Inactive state

Ras Sl

Ras activity is then terminated by Acti

t tat
GTP hydrolysis, which is stimulated cHive siate
by GTPase-activating proteins (GAPs).
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Plasma
membrane
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proteina adattatrice proteina che attiva Ras
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- Phospholipase C-y
- RAS-MAPK
- PI3-kinase
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G Protein-linked receptors

Acetylcholine, histamine |
MNA, 5-HT, ATF, PAF, TXAz,
Glutamate, Angiotensin Il,
Vasopressin, Bradykinin,
Substance P, Bombesin,
Meuropeptide Y, Thrombin,
Cholecystokinin, Endothelin,
Neuromedin, TRH, GnRH,
PTH

)

Odorants, Light J PLCP /> IPy —| IPsR |——>Ca™"
PIP, / l
Tyrosine kinase-linked receptors ~—> | PLCy \,D AG — | PKC -

Cellular
actgaity

PDGF. . |

EGF, etc. F'lpa mltﬁgEFEEEISI

\» GAP [Ras)—>(Raf>

After M. J. Barridga, reprintsd with parmission from Mafure vol. 361, po 315, 1953 O Copynght 1883 by Mecmilian Journsts Limitsd,
Copyright 1888 Jahn Wiley and Scna, Inc. All rights resarved
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PI13K: un dimero composto da una subunita regolativa (p85)
ed una subunita catalitica (p110)

Helcal
SH3 BCR N-SH2  region

\ p110

Interaction site

p110a (1068 aa) PIK domain Kinase domain
Ras
interaction site interaction site
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Fosfatidil inositidi fosforilati in posizione 3 servono da sito di aggancio per proteine
che contengono domini PH (plextrin homology).

PI13K = PIP3 - aggancio di PDK1 e AKT/PKB - PDK1 fosforila e attiva AKT/PKB

Inner leaflet of plasma membrane

PIP,
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urvival factor

~Receptor tyrosins
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growth factors
hormones

1

seven-pass
transmembrane receptors

7N ) 1

G protein G protein —» phospholipase C adaptor protein
\
Ras-activating
J p— | protein
adenylate cyclase Py EyIgiyeer *
l Ras
Cﬂ'2+ *
 J protein kinase |
cyeclic AMP *
calmodulin protein kinase Il
\J l Y ‘
A-kinase CaM-kinase C-kinase protein kinase Il
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Solo

non-receptor tyrosine kinases
Jak and Src

per uso didattico - vietata la riproduzione o la vendita



)

vNQ [e oueBa|is )
e1e[uojs0} 1S @1 |

s3e|oys0) ouobush ®
oueba| is |15 e7

VNSV TdOLID

©|l104504 0| ®
21011208l _ g

VIS | VIS eba| Is VT el

DIVl

Y i ) - LT CCEorErey ‘J
BERIRRANY

PN

Bl10S810 e||ep
auowlQ O

IV ej|ep onopsesy 2 4O |2p @jeubas ||




Membrana
plasmatica

.

Citochina

FIGURA 15.40 La via di segnalazione JAK/STAT Le proteine STAT sono fattori di tra-
scrizione che contengono domini SH2 che mediano il loro legame con le sequenze conte-
nenti fosfotirosine. Nelle cellule non stimolate, le proteine STAT sono inattive nel citosol.
La stimolazione dei recettori per le citochine induce il legame con proteine STAT, che
vengono fosforilate dalle proteine ad attivita proteina-tirosina chinasi JAK associate ai re-
cettori. In seguito, le proteine STAT fosforilate dimerizzano e traslocano nel nucleo, dove
attivano la trascrizione dei geni bersaglio.
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Tyrosine phosphorylation = activation or inhibition?

Basal activity Activated kinase

SRC proteins

Y530

Tyr
530
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Inactivation of human c-SRC occurs when its C-terminal Tyr530 is phosphorylated
and it binds back to the SH2 domain. This interaction and an interaction between
the SH3 domain and the kinase domain result in a closed molecular structure with
diminished access of substrates to the kinase domain. Conversely, c-SRC
activation occurs with removal of the C-terminal phosphotyrosine, displacement of
inhibitory intramolecular interactions, and opening of the c-SRC molecular
structure. Full activation involves phosphorylation at Tyr419. M, myristoylation; P,
phosphorylation. Solo per uso didattico - vietata la riproduzione o la vendita



* v-src was the first of numerous viral oncogenes to be identified and is among
the best studied of these.

The cellular counterpart of this oncogene — ¢c-SRC — is implicated in
a range of human cancers.

* In addition to cell proliferation, SRC proteins regulate three main cellular
functions that ultimately control the behaviour of transformed cells:

- adhesion

- Invasion

- motility.

These functions might also contribute to tumour progression and metastasis.
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Comparison of the molecular structures of human ¢c-SRC,
chicken c-SRC and chicken v-Src

Human c-SRC Y419 Y530

N[TSHA] [SHSTSHZT| [SHT (kinase) C

Chicken c-SRC Y416 Y527
N[[SH4] [SHSTSH2 | [SHi(kinase) | cC

Chicken v-Src Y416

NS [ERE Sz [Si (knasg) |C

Perche chicken v-src e oncogenica?
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Attivazione di SRC:
1 - competizione (di un’altra proteina con dominio SH2)
2 - defosforilazione (un ruolo importante e giocato dalle tirosina fosfatasi)
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NATURE REVIEWS | CANCER doi:10.1038/nrc1366
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Regulation of c-SRC

» c-SRC is regulated in terms of both protein levels and levels of activity by
a range of mechanisms.

* inactivation of c-SRC is carried out by c-SRC tyrosine kinase (CSK),
which phosphorylates a conserved tyrosine residue in the c-SRC carboxy-
terminal domain (Tyr530). This is reversed by phosphatases such as
protein tyrosine phosphatase 1B (PTP1B), which leads to c-SRC activation.

« activation of growth-factor receptors leads to their association with the c-
SRC SRC homology 2 (SH2) domain, which disrupts inhibitory
Intramolecular interactions to promote c-SRC activation.

Other proteins, such as CRK-associated substrate (CAS) and FAK, bind to
the c-SRC SH2 and SH3 domains to promote c-SRC activation by a similar
mechanism.

 Levels of c-SRC protein are negatively regulated by the E3 ubiquitin

ligase CBL, which leads to c-SRC ubiquitylation and subsequent
degradation by the proteasome.
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Cell adhesion at adherens junctions and focal adhesions

Adherens junction

Actin filaments

Epithelial cells
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Extraceilular
miatrix

s ll" | Bxtraceliular matrix
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