Cell Signaling II: A circuitous pursuit
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From Genes and the Biology of cﬁ Varm\and Weinberg, 1993

Epinephrine binds 3 adrenergic receptors on liver cells
to stimulate increase in glucose levels in response to
stress

PKA=A Kinase=cAPK

Receptor tyrosine kinases and Ras

e RTK pathways are involved in regulation of :
o cell proliferation (EGF) and differentiation (FGF)
e promotion of cell survival (NGF)
e modulation of cellular metabolism (Insulin)

Wﬁ transmit a hormone signal to Ras, a GTPase
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/itc| }rotein that passes on the signal on to
downstream components




Six subfamilies of tyrosine kinase
receptors
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Figure from Molecular Biology of the Cell, 4th edn.

Structure of Platelet derived growth
factor
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Figure from Molecular Biology of the Cell, 4th edn.

Ligand binding leads to
autophosphorylation of RTKs
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Different Ligands induce RTK
dimerization
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Activation of receptor tyrosine kinase:
forms complex

e~ —

Fyrosing [ tyrosine ]

kinase nsbe
[="~~tomain & L domaen

o kinase
e activation
18) DOMINANT-NEGATIVE INHIBITION
BY MUTANT RECEPTOR

15-28

Activation of Ras by an activated
receptor kinase
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Figure 15-55. Molecular Biology of the Cell, 4th Edition.

Ras is a small manomeric G-protein similar to the alpha
subunit of theytrimeric G-proteins. It’s tethered to the PM.
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H-Ras

e H-Ras is a small GTPase that controls both
proliferation and differentiation pathways.

e A single amino acid mutation of Ras is found in
more than 30% of all cancers.

ny as 90% of certain human tumors like
carcinomas have mutant Ras!
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Ras Superfamily of small GTPases
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Ras cycles between active and inactive
forms

INACTIVE

GEF=Guanine nucleotide
Exchange Factor

GAP=GTPase Activating
Proteins

The cytosol concentration
of GTP is 10x that of GDP

Figuen 15-54. Molacular E""K’“"‘"" Ath Edion.

Structure of Ras in GTP-bound form

Structures of Ras:-GDP-Sos complex and
Ras-GTP




Flourescence Resonance Energy
Transfer (FRET)

Active Ras s

(527 nm) Y &g o
: ﬁfw

&
. a3 e
G L
GEF o
Al S
Inactive Ras - . '
(475 nm) ™

peaks at 527 rin. Similar setup for Rap1, another small GTPase.

N. Mochizuki, et al., Natur§$11:1065-1368 (2001)

EGF induced Ras activation...
The Movie

Phase FRET

CFP YFP

Orange FRET = high Ras activity

N. Mochizuki, et al., Nature 411:1065-1068 (2001)

Ras and Rap1 activation in living
cells:different location of active GTPases

N. Mochizuki, et al., Nature 411:1065-1068 (2001)




An adapter protein and GEF link most
activated RTKs to Ras

deo\ﬁas and G Proteins compare?

Modular binding Domains
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lence ih Sos, a GEF, binds to SH3 domains in GRB2.
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The yeast two-hybrid system can be used to demonstrate
interaction of components in the pathway
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Ras Effectors

RBD=Ras Binding Domain

RA=Ras Associated domain




Ras effectors involved in cancer

Analysis of eye development in Drosophila has provided
insight into RTK signaling pathways
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Early cell-signaling events in R7
development

Figure from Molecular Biology of the Cell, 3rd edn.




MAP kinase pathways

e Activated Ras induces a kinase signal cascade that
culminates in activation of MAP kinase

o MAP kinase is a serine/threonine kinase that can
[ ——translocate into the nucleus and phosphorylate many
Liﬂer nt proteins, including transcription factors that
Eu ate.gene expression

A Ras activated phosphorylation
cascade
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Signals pass from activated Ras to a
cascade of protein kinases
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Raf Activation Cycle
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Phosphorylation of a tyrosine and a
threonine activates MAP kinase

Substrate
sequence is
SITP

Melanie Cobb has helped
define the mechanism of
Note conformatignal change in activation loop containing TEY ERK function.

Selected signaling tools
) ¢

RTKs . Dominant negative mutants

(Cterm deletions, Kinase mutants
Y-mutants)

Activated Ras H-Ras Dominant Negative Ras

Can't hydrolyse GTP  (G12V Mutant) (T17N Mutant) Can't bind Raf
" Activated Raf Dominant-negative Raf "
Membrane localized (Raft-CAAX) Raf (RaiN Mtan) Can't bind MEK
Activated MEK Chemical Inhibitors Block Raf activation
(22212260 Mutant)  MEK (PD98059) of MEK

And
Dominant-negative mutants  Can’t bind ERK

ERK Dominant-negative ERK Kinase inactive
(K17A Mutant)

Drugs can be used to block or
activate specific kinases

AGA494 (-) (EGFR)

—ZM336372 (-) (c-Raf)
—U0126 (-) (MEK1/2)
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*LPAKL  *2:MEKKL *3:TAOL *4:MEKK2 *5:JNK1  *6:SAPKa  *7:p38a  *B:Jun-B

PAK2 MEKK2 TAO2 MEKK3 INK2 SAPKp p38p Jun-D
PAK3 MEKK3 INK3 SAPKy p38y c-dun
MEKK4 p3ss
Courtesy of Melanie Cobb

Much work on MAP kinases has
been done in yeast

Mating pathway in S. cerevisiae
Two secreted peptide pheromones
called a and a factors control
mating between haploid yeast
cells. The receptors for these
factors are GPCR that activate
MAP kinase pathways.

Figure from Molecular Biology of the Cell, 3rd edn

Multiple MAP kinase pathways are found in Yeast
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Scaffolds organize MAP kinase

pathways:Yeast
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Scaffolds organize MAP kinase
pathways:Vertebrates
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Ras Activates the ERK MAP Kinase Pathway
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RSK2 activation is complex
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PEA-15 binds the MAPK insert of ERK

PEA-15 must bind ERK to
affect ERK translocation

PEA-15 must bind ERK to
affect ERK transcription

\ x‘u etal, J Biol Chem. 2003;278(52):52587-97

PEA-15 Structure and Binding Partners
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PEA-15 null mice have reduced
activation of Rsk2 in thymocytes
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Interaction and regulation of
signaling pathways

e The effects of activation of GPCRs and
RTKs is more complicated than a simple
step-by-step cascade

%eraction of different signaling pathways

\erﬁts fine-tuning of cellular activities

Four parallel intracellular pathways and
their connections

__ signal molecube.___
]
\..P
. G-pratéin- B P receptor
linke receptor ﬁ b tyrosine
ﬁ g kinase

a0

G protein G protein — phospholipase ¢ Grb2 Pl 3-kinase

l / N\ fas GEF !
udunwriwulm '73 discylghycercl } PIE3A5IP3

R
an- MAP-ki i ki
oyclic AMP 1 ~ inpse-insso-kinase L
“'"‘"J““"" MAP kinase kinase |
+ '
PEA CaM-kinase PKE MAP-kinase # PKB

A==

Figgura 15-81, Molecular Biclogy of the Call, dth Edition.

Two simple mechanisms of signal
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Figure 15-18. Molecular Biclogy of the Cell, 4th Edition.
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