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ARTICLE INFO ABSTRACT

Article history: In the last few years the interactome of Goiq has expanded considerably, contributing to improve our under-
Received 9 December 2013 standing of the cellular and physiological events controlled by this G alpha subunit. The availability of high-
Accepted 9 January 2014 resolution crystal structures has led the identification of an effector-binding region within the surface of

Available online 17 January 2014 Gaq that is able to recognise a variety of effector proteins. Consequently, it has been possible to ascribe dif-

ferent Gaq functions to specific cellular players and to identify important processes that are triggered inde-

g:ywords. pendently of the canonical activation of phospholipase C (PLC(), the first identified Goq effector. Novel
G-protein coupled receptors effectors include p63RhoGEF, that provides a link between G protein-coupled receptors and RhoA activa-
Signalling pathways tion, phosphatidylinositol 3-kinase (PI3K), implicated in the regulation of the Akt pathway, or the cold-
G protein activated TRPM8 channel, which is directly inhibited upon Gaq binding. Recently, the activation of ERK5
Interactome MAPK by Gq-coupled receptors has also been described as a novel PLCB3-independent signalling axis that re-

lies upon the interaction between this G protein and two novel effectors (PKCg and MEK5). Additionally, the
association of Gaq with different regulatory proteins can modulate its effector coupling ability and, there-
fore, its signalling potential. Regulators include accessory proteins that facilitate effector activation or, al-
ternatively, inhibitory proteins that downregulate effector binding or promote signal termination.
Moreover, Gaq is known to interact with several components of the cytoskeleton as well as with important
organisers of membrane microdomains, which suggests that efficient signalling complexes might be con-
fined to specific subcellular environments. Overall, the complex interaction network of Gaq underlies an
ever-expanding functional diversity that puts forward this G alpha subunit as a major player in the control
of physiological functions and in the development of different pathological situations.

© 2014 Elsevier Inc. All rights reserved.

Contents

1. INtroduction . . . . . . . . Lo e e e e e e e e e e e e 834
Structural aspects in Gaq signalling and regulation . . . . . . . . . L L L L L L e e e e e e e e e e 835

2.1.  Structural determinants for Gag—effector interactions . . . . . . . . L . L L L L e e e e e e e e e e e e 835

2.2.  Effector activation mechaniSms . . . . . . . . . . L ..o oo e e e e e e e e e e e e e 836

23.  Structural basis for Goiq deactivation . . . . . L L L L L L e e e e e e e e e e e e e e e e e 836

3. Gogsignalling . . . . Lo e e e e e e e e e e e e e e 837
3.1.  Effector diversity in Goq signalling . . . . . . . . . L L e e e e e e e e e 837
3.1.1.  Gagq initiates lipid- and calcium-dependent signalling through PLCR . . . . . . . . . . . . . . . . . . . . ... 837

3.1.2. Gag-mediated Rho activation by RhoGEFs . . . . . . . . . . . e e e e e e 838

3.1.3. Gaqg modulates PI3K and the Akt pathway . . . . . . . . . . . L e e e e e e 838

3.14.  Gagqinhibits the cold-activated TRMP8 channel . . . . . . . . . . . . . . . . . e e e e e 838

3.15.  Gogq activates the MAPK ERK5 through PKCgand MEK5 . . . . . . . . L . L L o o o 0 00 o oo 839

3.1.6.  Otherdirect effectors . . . . . . . . . . . L e e e e e e e e e e e e e 839

* Correspondence to: F. Mayor, Centro de Biologia Molecular “Severo Ochoa”, Universidad Auténoma de Madrid, 28049 Madrid, Spain.
** Correspondence to: C. Ribas, Centro de Biologia Molecular “Severo Ochoa”, Universidad Auténoma de Madrid, 28049 Madrid, Spain. Tel.: 434 91 1964640; fax: +34 91 1964420.
E-mail address: cribas@cbm.uam.es (C. Ribas).

0898-6568/$ - see front matter © 2014 Elsevier Inc. All rights reserved.
http://dx.doi.org/10.1016/j.cellsig.2014.01.010


http://crossmark.crossref.org/dialog/?doi=10.1016/j.cellsig.2014.01.010&domain=f
http://dx.doi.org/10.1016/j.cellsig.2014.01.010
mailto:cribas@cbm.uam.es
http://dx.doi.org/10.1016/j.cellsig.2014.01.010
http://www.sciencedirect.com/science/journal/08986568

834 G. Sanchez-Ferndndez et al. / Cellular Signalling 26 (2014) 833-848

3.2.  Regulation of Gag signalling . . . . . . . L L L e e e e e e e e e e e e e e 840
32.1.  RGS proteins promote Gaq signal termination . . . . . . . L L L L L L L e e e e e e e e e e e e e e e 840

32.2.  GRK2 sequesters Goiq and inhibits downstream signalling . . . . . . . . . . . . . L Lo 840

32.3.  Accessory proteins in effector coupling . . . . . . . L L L e e e e e e e 841

324. Role of non-canonical guanine nucleotide exchange factors on Gaiq function . . . . . . . . . . .. L. L. 841

3.3.  Cellular microenvironments in Gaq signalling . . . . . . . . . . . L L e e e e e e e e e e 842

4,  Cellular and physiological functions of Gotq . . . . . . . . . . L e e e e e e e e e e e e e e 843
41.  Cellular processes regulated by GOLQ . . . . . . . . . o e e e e e e e e e e e e e e e e e e 843

42, Goqintheheart . . . . . . . . L L e e e e e e e e e e e e 844
42.1. Classical cardiac Gaq signalling pathways . . . . . . . . . . L L e e e e e e e e e e e e 844

42.2. Emerging cardiac Gaq signalling pathways . . . . . . . . . . L e e e e e e e e e e 845

423. Gagsignalling regulation inthe heart . . . . . . . . . . . L L L e e e e e e 846

5. Concluding remarks . . . . . . . L . L e e e e e e e e e e e 846
Acknowledgments . . . . . . . . L L e e e e e e e e e e e e e e e 846
References . . . . . . . . e e e e e e e 846

1. Introduction

Many hormones, neurotransmitters and different stimuli with a para-
mount role in health and disease elicit specific cellular responses through
cell surface receptors. Of the several families of membrane receptors, by
far the largest, most versatile and most ubiquitous is that of the seven-
transmembrane receptors (also referred to as G-protein-coupled
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receptors (GPCRs)) [1]. These proteins are a physical conduit for the
transmission of chemical signals across the cell membrane and mediate
the activation of intracellular G proteins (o, 3 and vy subunits) [2].
Agonist binding to the receptor involves an important rearrange-
ment of intracellular helices 6 and 3 [3,4] which leads to the activation
of Galpha subunits by sequentially promoting GDP dissociation, and
GTP binding (Fig. 1). This leads to the dissociation of the G protein
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Fig. 1. GPCR activation and deactivation cycle. A huge diversity of ligands bind and activate GPCRs. In turn, receptors stimulate heterotrimeric G proteins by promoting GDP to GTP ex-
change in the Ga subunit and dissociation from the 3y dimer. Both G and 3y initiate signalling through different effector proteins. Activated GPCRs are phosphorylated by GRKs on
the internal loops creating recognition sites for 3-arrestins that, together with AP2, promote clathrin-mediated receptor internalisation into Rab5-containing vesicles. These can progress
into Rab7-containing multivesicular bodies and degradation, or into Rab11A-containing vesicles to recycle receptors back to the plasma membrane [230]. Addionally, arrestins are also

known to initiate diverse signals independently of G proteins.
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