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IL:IIRKAN Major Classes of Mammalian Trimeric G Proteins and Their Effectors’

G, Class Associated Effector 2nd Messenger Receptor Examples

G Adenylyl cyclase cAMP (increased) B-Adrenergic (epinephrine)
receptor; receptors for
glucagon, serotonin,

vasopressin
Gra Adenylyl cyclase cAMP (decreased) a;-Adrenergic receptor
K* channel (Gg, activates Change in membrane Muscarinic acetylcholine
effector) potential receptor
Gotfa Adenylyl cyclase cAMP (increased) Odorant receptors in nose
Cga Phospholipase C IP5, DAG (increased) az-Adrenergic receptor
Goa Phospholipase C [P3, DAG (increased) Acetylcholine receptor in
endothelial cells
Gra ¢GMP phosphodiesterase cGMP (decreased) Rhodopsin (light receptor) |
rod cells

*A given G, subclass may be assoctated with more than one effector protein. To date, only one major G, has been identified, but multiple G ar
G,q proteins have been described. Effector proteins commonly are regulated by G,, but in some cases by Gg, or the combined action of G, and G
[Py = inositol 1 ,4,5-trisphosphate; DAG = 1,2-diacylglycerol.

SOURCES: See L. Birnbaumer, 1992, Cell 71:1069; Z. Farfel et al., 1999, New Eng. J. Med. 340:1012; and K. Pierce et al., 2002, Nature Rev. Mol.
Cell Biol. 3:639.
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CHAPTER 13 * Signaling at the Cell Surface
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» FIGURE 13-32 Activation of gene expression
following ligand binding to G protein-coupled
receptors. Receptor stimulation (il leads to activation of
PKA (M). Catalytic subunits of PKA translocate to the
nucleus (BI) and there phosphorylate and activate the
transcription factor CREB (). Phosphorylated CREB
associates with the co-activator CBP/P300 () to
stimulate various target genes controlled by the CRE
requlatory element. See the text for details. [See K. A. Lee
and N. Masson, 1993, Biochim. Biophys. Acta 1174:221, and

D. Parker et al., 1996, Mol. Cell Biol. 16(2):694.)
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‘IGURE 13-28 Synthesis of DAG and IP; from PIP and PIP,. Cleavage of PIP, by phospholipase C (PLC) yields
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- FIGURE 1=2-29 IP./DAG pathvway
and the elevation of cytosolic Ca<—_
This pathvvay can be triggered by ligand
Dinding 1o certain G protein——c—oupiliedad
receptors and several other receptor
types. leading to activation of
phospholipase C. Cleavage of PIFP. by
phospholipase C yields 1Pz amna DAG
(stepll). After Adiffusing through the
cytosol. 1Ps nteracts withh and opens
Ca” " achannels in the membrane of the
endoplasmic reticulum (step BE). causing
release of stored Ca“ ' ions into the
cytosol (steplEl). One of various cellular
responses induced by a rise in cytosolic
Ca” " is recruitment of protein kKinase C
(FPKOCO) o the plasma membrane (step ED.
wvwwwhere it is activated by DAG (step D) -
The activated Kinase can phosphorylate
wvarnous celilular enzymes and receptltors.
thereby altering their activity (stepl&). As
endoplasmic reticulum Ca“ ' stores are
depleted. the 1IP-gated Ca“ " channels
bind to and open sStore-operated TRP
Ca” " channels in the plasma membrane.
allowwing influx of extracellular Ca~*

(step Bl . [Adapted from J_W. Putnoay. 1999.
e —— S USA 9614669 ]
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(a) Increased cAMP
Stimulation of Inhibition of
glycogen breakdown @ glycogen synthesis
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(b) Decreased cAMP

Inhibitionof Stimulation of
glycogen breakdown £ A\  glycogen synthesis
Abbreviations:
PKA Protein kinase A
GPK 0 —> GPK GS '® > PP Phosphoprotein phosphatase
GPK Glycogen phosphorylase kinase

GP  Glycogen phosphorylase
GS  Glycogen synthase

GP 0 — GP IP Inhibitor of phosphoprotein
UDP-glucose —> Glycogen + UDP phosphatase
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b FIGURE T4-28 NF-«<B signaling
Pathvway. In resting cells., the dimeric
transcription factor NF-«<B. composed of
P50 and p65. is sequestered in the
Cytosol. bound to the imnhibitor 1-<B.
Stimulation by TNFa or IL-7T induces
activation of TAK1 kKinase (step ). leading
o activation of thhe trimeric I-<«<B Kinase
(step EEY). lonizing radiation and other
sStresses can directly activate I-<«<B kKinase
by an unknowvwn Mmechanism (step ES).
Follovwwing phosphorylation of I-<B by 1I-<B
Kinase anmnd binding of E3 ubiquitin ligase
(step El1). polyvyubiguitination of I-<B (step
Ef) targets it for degradation by
proteasomes (step E1). The removal of
I-«<B unmasks the nuclear-localization
signals (NLS) im both subunits of NF-«<B.
allovwing their translocation to the nucleus
(step I3). Here NF-«<B activates
transcription of nuMmerous target genes
(step Hl). iNncluding the gene encoding
the a subunit of I-<«<B. which acts to
terminate signaling. [See M. Karim and

Y. Ben-Neriah. 2000. Arnnmn. Rev. Imirmnaunold.
18:6217. and R. Khush. F Leulier. and
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