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Cell Signaling
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Cell Signaling
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. Signal Logic

Latent gene requlators activate at cell

surface and initiate transcription
Scaffolds cluster proteins together
Relays simply pass along a signal
Adaptors transmit signal between two
others

Bifurcators involve multiple pathways

Amplifiers enhance a signal strength

Transducers covert signal to other forms

Small intracellular molecules promote

rapid signal fransport

Integrators cross-reference different

signaling pathways

Modulators enhance signaling activity

Anchors localize proteins at key sites

Messengers carry signal into nucleus
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G-Protein Linked Receptors

receplon protein inactive G protein
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Secondary Messengers

concentration

(o)

3',5'-Cyclic AMP
(cAMP)

3',5'-Cyclic GMP
(¢GMP)

Activates protein kinase A Activates protein kinase G
(PKA) (PKG) and opens cation
channels in rod cells

Figure 15-9
Molecular Cell Biology, Sixth Edition
© 2008 W.H.Freeman and Company

e Carries signal by change in

Ca?tions
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Fatty acyl groups

CH,OH
Glycerol
2 Inositol
1,2-Diacylglycerol 1,4,5-trisphosphate
(DAG) e (IP;)

Activates protein

Opens Ca2* channels in
kinase C (PKC)

the endoplasmic reticulum
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Phosphorylation

* Kinase: i
— attachment of 7
phosphate group from side chain | o) R
ATP lj NE)
~ binds to -OH amino acid = -~
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Gene Transcriptfion
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. Nonmuscle Myosin Activation

8 Phosphorylation needed for contractile filament assembly
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Adapted from Vicente-Manzanares, M., et al. (2009) Nat Rev Mol Cell Bio. 10(11):778-90
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Receptor Tyrosine Kinase

Signal-molecule
a-helix in the binding site

D>

region of Inactive proteins

protein

Tyrosine-kinase receptor
proteins (inactive monomers)

(a) Inactive tyrosine-kinase receptor system

Signal molecules

Cellular

response
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Activated tyrosine-kinase

receptor (phosphorylated
dimer)

(b) Activated system



Epidermal Growth Factor
Receptor Activates Ras

EGFV
v vy
\. EGF ./
monomers

Exterior

Cytosol

Inactive Ras

A1)

Binding of hormone causes receptor nl
dimerization kinase activation and
phosphorylation of cytosolic receptor
tyrosine residues
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Molecular Cell Biology, Sixth Edition WAS H I N GTDN
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Binding of GRB2 and Sos couples H
receptor to inactive Ras

Figure 16-20 part 2
Molecular Cell Biology, Sixth Edition
© 2008 W.H.Freeman and Company
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SOS - Active Ras

GDP <« Sos promotes dissociation of GDP
ﬂ from Ras; GTP binds and active
Ras dissociates from Sos

. .
Signaling ﬁum.”“.”m
Figure 16-20 part 3 M WASHINGTON
Molecular Cell Biology, Sixth Edition
© 2008 W.H.Freeman and Company
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How does Sos Worke

(a) Ras-GDP

GTP o, B
phosphates

B switchl
B switch i

Figure 16-24
Molecular Cell Biology, Sixth Edition
© 2008 W.H.Freeman and Company

(b) Ras-Sos
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Signaling Pathways
MAP Kinase Pathways

Maosong Qi and Elaine A. Elion
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