Chem 452 - Lecture 10
Signal Transduction & Sensory Systems
Part 3

Question of the Day: Who is the son of Sevenless?

Introduction

+ Signal transduction involves the changing of a
cells metabolism or gene expression in response
to an external stimulus.

Epinephrine Insulin Epidermal growth factor (EGF)
+ + +
B-Adrenergic receptor Insulin receptor EGF receptor
Energy-store Increased glucose Expression of
mobilization uptake growth-promoting genes

R

» Stimulates cell growth after injury
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Introduction

+ All three examples present a common theme:
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The EGF Signaling Pathway

* The Epidermal Growth Factor (EGF) signaling
pathway provides another example of a
receptor tyrosine kinase.

EGF promotes
cell growth

Epidermal growth factor (EGF)
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The EGF Signaling Pathway

Epidermal growth factor (EGF)
+

* The Epidermal Growth G raceptor
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pathway leads to the P,?m",,,,_c,j;“l""“
phosphorylation of et rcapto-ox complex
transcription factors, TP for 0P | ampification
which then turn genes ,,,‘,‘ei",,,::‘.:i“:r"’“
interaction
on or off. Activoted
E’:?::;::‘klAmpliﬁ(alion
Activated MEK
E'::y":::::‘lﬂmplificalion
Activated ERK

Enzymatic

o, lAmleflcanon

Phosphorylated transcription factors
Changes in gene expression
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The EGF Signaling Pathway

+ Like the Insulin receptor,
+ The EGF receptor is a dimer and a tyrosine Kinase

[ [ |
EGF-binding domain Transmembrane Kinase domain C-t inal tail
helix (tyrosine-rich)

+ Unlike the Insulin receptor,
+ The dimer does not form in the absence of EGF

Dimerization

Chem 452, Lecture 10 - Signal Transduction 6

The EGF Signaling Pathway

+ Like the Insulin receptor,
+ The EGF receptor is a dimer and a tyrosine kinase

Dimerization ~ Dimerizationarm  _
. )i

Membrane
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The EGF Signaling Pathway

+ There is an EGF related receptor, called the
Her-2 receptor, which does not require EGF
binding to be active.

Dimerization
A
X

o

EGF receptor
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The EGF Signaling Pathway

+ Activation of the EGF receptor leads to cross
phosphorylation of the C-terminus.

EGF
receptor

I i IO

AR
\ Grb-2 : Ras
. &) <
00 ' GTP GDP Activated
Sos

Ras
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The EGF Signaling Pathway

+ Grb-2 h Peptide-binding
. — site
1 SHZ ¢ Phosphotyrosine SH3 _ e i
* 2 SH3 (peptide-binding g ) peptides

site

. Peptide-binding A<tivated

site
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The EGF Signaling Pathway

+ Ras has GTPase activity, which allows it to
inactivate itself

+ Ras a member of a superfamily of small G-proteins.

TasLe 14.2 Ras superfamily of GTPases

Subfamily Function

Ras Regulates cell growth through serine-threonine protein kinases

Rho i through seri ine protein kinases

Arf Activates the ADP-ribosyltransferase of the cholera toxin A subunit; regu-
lates vesicular G tivates i

Rab Plays a key role in secretory and endocytotic pathways

Ran

Functions in the transport of RNA and protein into and out of the nucleus

+ Mutant Ras proteins, which have lost their GTPase
activity, are associated with various types of cancer.
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Re-occurring Themes in Signaling Pathways

+ Protein Kinases
« PKA, PKC, PDK, Akt Raf, MEK, ERK, etc.

+ Second Messengers
+ cAMP, IP;, DAG, Ca?*

+ Specialized binding domains
+ Pleckstrin, SH2, SH3
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Re-occurring Themes in Signaling Pathways

+ Epinephrine

Epinephrine B-Adrenergic Adenylate
/ receptor cyclase

B ~\Cyclic
ATP AMP

Protein "\ Protein

kinase A kinase A
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Re-occurring Themes in Signaling Pathways

+ Angiotensin II

Diacylglycerol (DAG)
Cell membrane yioly
CORONRNN00

Phospholipase C
cleavage

Calcium
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Re-occurring Themes in Signaling Pathways

+ Insulin

Insulin
receptor
Insulin

(PIP;-dependent
protein kinase)

Phosphoinositide

N 3-kinase
IRS-1
@7?& D
Akt AtP ADP  (P-

Activated Akt
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Re-occurring Themes in Signaling Pathways

+ EGF

EGF
receptor
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Signal Transduction and Cancer

+ Rous Sarcoma Virus
* This virus codes for an oncogene, v-Src.
+ v=-Src versus c-Src

(A) 8
SH3 SH2 Protein kinase M

v-Src lacks the C-
terminal tyrosine and is
constitutively turned on

Protein
kinase

Phosphdtyrosine
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Signal Transduction and Cancer
+ Ras, which has lost its GTPase activity

EGF
receptor
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Signal Transduction and Cancer

+ Tumor-suppressor genes code for phosphatases
that are used to shut down the signal
transduction pathways.

+ Loss in their activities can also lead fo cancers.
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Signal Transduction and Disease

* Vibrio cholera produces a toxin that covalently
modifies the G« G-protein.

Epinephrine B-Adrenergic Adenylate
/ receptor cyclase

arp T\ Cydlic

AMP

Protein~~ "\ Protein

kinase A kinase A insduction 21

Signal Transduction and Disease

* Vibrio cholera produces a toxin that covalently
modifies the G, G-protein.

+ This inhibits its GTPase activity, leaving PKA
constitutively turned on.

¢ The PKA phosphorylates a
chloride channel and a
Na*/H* exchanger,
resulting in the loss of
NacCl.

e This, in turn, leads to a
large loss of water into
the intestines.
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Signal Transduction and Disease

Question:

Suppose that you were investigating a newly discovered
growth factor signal transduction pathway. You found that,
if you added GTP y S, nonhydrolyzable analog of GTP,

duration of the hormonal response increased. What might
you conclude?
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Signal Transduction and Disease
* Vibrio cholera produces a toxin that covalently
modifies the G« G-protein.

+ This inhibits its GTPase activity, leaving PKA
constitutively turned on.

¢ The PKA phosphorylates a
chloride channel and a
Na*/H* exchanger,
resulting in the loss of
Nacl.

¢ This, in turn, leads to a

large loss of water into
the intestines.
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Next up

+ Lecture 10 cond, Sensory Systems. (Chapter 33)
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