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Signal transduction from GPCRs to effector proteins
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Arachidonic acid

Prostaglandines:
derivatives of the hypothetic
prostanoic acid

Ulf von Euler, 1930

(in human seminal fluid)

Regulate physiological processes:

- platelet aggregation

- uterine contractions

- pain, pyrexia (fever)

- inflammation

- secretion of mucins that protect the

gastric mucosa from acid and proteases

in the stomach

fe)

Q 0
COOH i
R =
COOH
\ ,M \ hM
OH OH HO OH
PGE, PGE,
HO,
e T g
<i:1 COOH
HO OH

PGF 3 Voet, Voet: Biochemistry



Box 1 | From phospholipids to eicosancid signalling
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Metabolism of arachidonic acid
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The cyclic fate of arachidonic acid
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PGH,-Synthase has
2 catalytic activities:

Cyclooxygenase (COX)

/0
e A
CH;
OH Acetylated,
inactivated
cox cox
+ +
coo™ 0 coo~
Y
0—C OH
N —_—
CHs3
Aspirin Salicylate

(acetylsalicylate)

The various effects of Aspirin are based
on the inhibition of COX activity
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Diagram of one PGHS subunit (green).
van der Waals surface of active site channel

Voet, Voet: Biochemistry (4.ed)
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Some nonsteroidal anti-inflammatory drugs (NSAIDs).
(side effects due to inhibition of both isoenzymes of COX)
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Selective COX-2 inhibitors (coxibs).

I SO,CH,

Withdrawn from pharmaceutical market

> | due to unanticipated cardiac side effects
‘ arising from attenuation of PGI, formation!
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(to large to enter COX-1 active site channel,
that is 20 % smaller in volume than that of COX-2)

Voet, Voet: Biochemistry (4.ed)



ull LIMES

Life & medical Sciences Inslifute

Benjamin Waschle - comment 2012

universitétbonnl

RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR

The effects of cyclic endoperoxidases (facilitated by COX1 and COX2)
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What is the problem of selective COX2 inhibitors? ...

aggregation



® A
11 LlMES Benjamin Waschle - comment 2012 universitétﬂ

Life & medical Sciences Insfitute

EEEEEEEEEEEEEEEEEEEEEEEEEE SUMIMERSITHT

0}

aggregation

Inhibition of COX2 facilitated prostacyclin biosynthesis and no interference with thromboxan A, biosynthesis leads to:
- Higher thrombocyte aggregation = thrombosis
- myocardial infarction

... They kill you. And make cute girls cry.



Phosphoinositides as Signal Transducers

- Phospholipase C: different isoforms are activated by different signals
that bind either GPCR or RTK

- PI-3 kinase pathway



Intracellular signalling FMHBM-EIF:>
by phosphoinositids i

Wymann & Schneiter, Nature, 2008



Modification of a common phospholipid precursor generates several
second messengers: synthesis of DAG and IP,
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Phospholipase C Isoforms
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PLC-induced release of Ca®* from the ER is mediated by IP,

PDGF, Acetylcholin
EGF u.a. Angiotensin I,
Vasopressin,
Noradrenalin u.a.
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Loffler, Petrides, Biochemie und Pathobiochemie



PLCB is an effector targeted by GPCRs
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Figure 15-30
Molecular Cell Biology, Sixth Edition
© 2008 W.H.Freeman and Company

Short term effects on cell metabolism and movement
Long term effects on gene expression



PLCy, is an effector targeted by RTKs

aulen

Aus Miller-Esterl, Biochemie, ©@ 2004 Elsevier GmbH

The activated EGF-receptor recruits the cytosolic phospholipase C-y,
(substrate PIP,) via its SH2-domain and activates the enzyme by
phosphorylation.

Phosphatases terminate this process.



PT 3-phosphates recruit and activate protein kinase B (PKB)
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Figure 16-30
Molecular Cell Biology, Sixth Edition
© 2008 W.H. Freeman and Company

PH: pleckstrin homology
PDK: PI-dependant kinase



PTEN: the first tumour suppressor with phosphatase activity

PTEN phosphatase has a
broad specificity but its
major function in cells is
to reverse the PI-3 kinase
catalyzed reaction.

PTEN is deleted or mutated
in multiple types of human
cancer (glioblastoma,
prostate cancer,
endometrial tumour).

Overexpression of PTEN
promotes apoptosis in
cultured mammalian cells.
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Mode of action of the nuclear receptor superfamily PPAR

L: fatty acids and
derivatives

PPAR: peroxisome
proliferator-
activated receptor

RXR: retinoid X receptor

PPARq, hepatocytes,
turns on genes for FA f-

oxidation and ketone body

formation during
fasting.

Ligand

membrane

4

envelope

Regulated gene

Response element
(DNA sequence that
regulates transcription
in response to PPAR

Figure 23-41

Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W.H.Freeman

PPARY, liver & adipose
tissue, turns on genes fol
lipid synthesis,
differentiation of
fibroblasts into
adipocytes.

PPARS, liver & muscle
tissue, turns on genes
for B-oxidation and for
energy dissipation
through uncoupling of
mitochondria (prevents
obesity).

Diet regulates the expression of genes central to maintaining body mass



General mechanism by which lipophilic compounds regulate gene expression
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Nelson, Cox: Lehninger Biochemistry,



