
www.medigraphic.com/cmsCardiovasc Metab Sci 2019; 30 (2): 50-59

www.medigraphic.org.mx

G-proteins coupled receptors
Receptores de membrana acoplados a proteínas G

Nayelli Nájera,* Rocío Pamela Martínez‑Vega,* Andrés Portilla‑Martínez,* 
Pilar Ortiz‑Vilchis,* Guillermo Ceballos*

Keywords: 
Membrane receptors, 

GPCR,  
G-proteins.

Palabras clave: 
Receptores 

membranales,  
GPCR,  

proteínas G.

* Laboratorio de 
Investigación Integral 
Cardiometabólica, 
Sección de Posgrado, 
Escuela Superior de 
Medicina, Instituto 
Politécnico Nacional, 
Mexico City, Mexico.

Received:
28/05/2019
Accepted:
03/06/2019

Review

Vol. 30 No. 2
April-June 2019

Cardiovascular and 
     Metabolic Science

A great proportion of current approved drugs 
and others that will be introduced in the near 
future, target GPCRs, fact that underlines the 
clinical importance of this receptor family.3,16

Clinicians, practical recipients of this basic 
knowledge, must know more deeply the 
function and consequences of these agonist/
antagonist-receptor relationships, in order to 
better understand both; the basic molecular 
mechanisms of some diseases, as well as the 
mode of action of agonist and antagonist agents 
in many clinical settings.

Examples of types and actions of GPCRs. 
The hierarchical structure of GPCR superfamily 
is rather complex.3 It is composed by, at least, 
seven independent families, each of which is 
categorized in several subfamilies and sub-
subfamilies, which are subdivided in turn in a 
number of subtypes. According with the A-F 
system of notation,3 the seven basic families 
of GPCRs are: class A (rhodopsin like); class B 
(secretin like); class C (metabotropic glutamate/
pheromone, and associated vomeronasal, V1R 
and V3R, and taste receptors, T2R); class D (the 
fungal mating pheromone); class E (cyclic AMP, 
cAMP receptors); class F (the frizzled, FZD, and 
smoothened, SMO receptors); and finally the 
adhesion family, which is not identified by any 
letter in this notation system.17

Some of the more abundant and better 
studied GPCRs, with paramount importance in 
clinical medicine, pertain to class A. For example, 
the rhodopsin-like receptors, expressed in 
retina, are specialized in phototransduction, 
(the conversion of light in a biochemical 
cascade signaling to produce vision).18 The 
adrenergic receptors, α and β adrenoceptors 
(the best studied of this superfamily), whose 
ligands are catecholamines, also belong to this 

INTRODUCTION

The membrane receptors (GPCRs) coupled to 
regulatory binding proteins (G proteins), also 

known as R7G (receptors with 7 transmembrane 
domains, coupled to guanine nucleotide G 
proteins (Figure 1), heptahelical or serpentine 
receptors, form a large and ubiquitous protein 
superfamily, in charge of fundamental cellular 
functions.1-3 In humans, more than 800 of 
such receptors have been cloned, although a 
great proportion of them remains orphaned 
(without known ligand), while many others 
have been poorly, structurally and functionally, 
characterized. A wide variety of natural and 
synthetic molecules (such as hormones, 
neurotransmitters, autacoids, nutrients, ions, 
photons, substances involved in odor and taste, 
and a wide variety of pharmacological agents) 
exert their stimulatory or inhibitory actions 
through interaction with these receptors. 
Examples of these ligands are adrenergic 
hormones, acetylcholine, serotonin, histamine, 
adenosine, bradykinin, vasoactive intestinal 
polypeptide, cannabinoids, opioids, and some 
pheromones, among many other molecules.4,5 
Under the light of this knowledge, numerous 
drugs have been designed or have been found 
to be useful in antagonizing or stimulating these 
receptors in a variety of clinical conditions, 
as hypertension, heart failure, obesity, type 2 
diabetes mellitus, renal damage, antiplatelet 
therapy, neurodegenerative diseases (as 
Alzheimer’s, Parkinson’s and Huntington’s 
diseases and some forms of vascular and senile 
dementia), bronchial asthma, macronodular 
adrenal hyperplasia and adrenal Cushing 
syndrome, pain and itch, as well as immunity 
and inflammation, among many other more.6-15 
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family. Also belong to class19 As it is known, 
adrenergic stimulation is one of the executive 
branches of the autonomic nervous system, 
involved in multiple functions related to heart 
function, arterial tone, nervous reflexes, smooth 
muscle tone of several structures (ureters, 
gastrointestinal tube, bronchioles, pregnant 
uterus, etc.), metabolic actions on insulin and 
glucagon, increased lipolysis, thermogenesis, 
renin secretion, brain functions as the handling 
of sensorial stimuli, memory processing, and 
other pre-frontal cognitive abilities, among 
many others. GPCRs of the same class, the 
muscarinic acetylcholine receptors,20 mediate 
the actions of the other autonomic branch, 
the parasympathetic system, whose actions, 
in general, are dialectically opposed to those 
of the adrenergic system. Also to this class A 
pertain adenosine receptors,21 responsible 
of the multiple pleiotropic effects of this 
autacoid, a precursor of phosphate organic 
complexes: cyclic adenosine monophosphate 
(cAMP), adenosine diphosphate, and adenosine 
triphosphate (ADP and ATP respectively). ATP, 

as it is known stores and releases the energy 
produced principally by the three power 
causeways: the phosphagen system, anaerobic 
glycolysis (Embden-Meyerhof pathway) and 
the tandem-like systems of aerobic glycolysis-
electron transport chain (Krebs cycle and 
mitochondrial respiratory chain complex). The 
lack of oxygen availability during an episode of 
ischemia, reduces the aerobic production of ATP, 
diminishing or suppressing Krebs cycle, the most 
profitable and efficient system of production 
and storage of energy. A «reverse cascade» then 
takes place, because secondary to the decrease 
of ATP production, increases proportionally 
the accumulation of its precursors, ADP, then 
AMP and finally, adenosine. The latter, acting 
on a specific GPCR receptor increase nitric 
oxygen bioavailability, regulating coronary 
flow according to metabolic myocardial 
demands (adenosine hypothesis or Berne & 
Rubio mechanism),22 attenuating at the same 
time myocardial contractility and myocardial 
oxygen consumption caused by adrenergic 
stimulation. In addition, adenosine diminishes 
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GPCRs receptors are characterized by seven α-helical trans-membrane domains (I-VII), three extracellular ( E ) loops and three 
intracellular ( I ) loops. Agonists are nested in sites of the extracellular loops, while intracellular terminal-C is related with the 
translator G proteins.

Figure 1: Molecular structure of GPCRs.
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sinusal activity, slows atrial-ventricular (A-V) 
conduction, and shortens atrial action potential 
duration and refractoriness, reducing also 
ventricular automatism, without influencing 
His-Purkinje conduction velocity.23

Receptors that mediate the action of 
different members of angiotensin family 
appertain also to class A GPCRs.24 The most 
important are angiotensin II type 1 receptor 
(AT1 receptor) and the angiotensin II counter-
regulatory type 2 receptor (AT2).

25 Oncogene 
mas acts as a putative receptor for angiotensin 
1-7, in charge of the most important counter-
regulation mechanism of angiotensin II, 
opposing all systemic and local actions of 
the latter hormone.26 Angiotensin II, when it 
interacts with the AT1 receptors, causes systemic 
effects as arteriolar vasoconstriction, lessening 
of renal flow with increase of intra-glomerular 
pressure, rise of peripheral resistance and blood 
pressure, release of hormones like aldosterone 
and antidiuretic hormone, expansion of 
intravascular volume, and stimulation of thirst. 
And also, at local level, the activation of AT1 
receptors, via several signaling pathways give 
place to a series of beneficial phenomena 
regulating tissue and vascular defense and 
repair, but when deregulated impose serious 
functional and structural damage caused 
due to proinflammatory, prooxidative, pro-
proliferative, prothrombotic and proapoptotic 
effects.27

A little less studied, but arousing a growing 
interest, are the class B GPCRs,28 named 
the secretin family, involved in fundamental 
functions as glucose homeostasis, via peptide 
ligands as glucagon, as well as intestinal 
incretin hormones, glucagon-like peptide (GLP 
1 and 2) and glucose-dependent insulinotropic 
peptide (GIP).29,30 These peptides, mainly 
GLP-1, lower blood glucose, stimulating the 
formation of insulin, via gene transcription, 
islet cell growth, and neogenesis of β-cells, 
as well as favoring the hormone secretion. All 
these actions are carried out by activation of a 
specific class B GPCR. The enzyme dipeptidyl 
peptidase 4 (DPP-4) that rapidly inactivates 
intestinal incretin is inhibited by agents called 
gliptins (or DPP-4 inhibitors, as sitagliptin, 
linagliptin and alogliptin), which prolong the 
biological life of GLP-1, a mechanism that 

gives them an important place in antidiabetic 
therapy.31 In the same way, the analogues of 
GLP-1 (i.e. exenatide), fulfill the same purpose. 
Other members of this family are the types 
1 and 2 corticotropin releasing factor (CRF) 
receptors.32 CRF is their main ligand, activating 
the production of the adrenocorticotropic 
hormone (ACTH) in anterior pituitary gland, 
which in turn stimulates the production of 
cortisol in the cortex of adrenal glands. As 
it is well known, cortisol produces a variety 
of responses to many stressors. CRF acting 
in its receptor increases adrenergic activity, 
while parasympathetic decreases. CRF and 
urocortin,33 a related peptide ligand, suppress 
appetite, having the latter much more power 
in this regard. calcitonin,34 a thyroid hormone, 
also a member of this family, regulates calcium 
homeostasis; inhibiting bone osteoclast activity 
and increasing at the same time renal calcium 
excretion. Related peptides are calcitonin 
gene-related peptide (CGRP) and amylin, 
with a complex set of functions: renal flow 
control, glucose homeostasis, inhibition 
of bone reabsorption, satiety, etc. Other 
members of this family are the parathyroid 
hormone receptors involved in calcium and 
phosphorous metabolism,35 and the vasoactive 
intestinal polypeptide (VIP),36 which despite its 
name is produced in different parts of the body 
and has a relaxing effect on smooth muscle 
of gastrointestinal tract and blood vessels, but 
also is involved in many other gastrointestinal, 
biliary and pancreatic functions. Also, VIP 
serves as a non-adrenergic, non-cholinergic 
neurotransmitter, regulating many circadian 
rhythms. Furthermore, it has been discovered 
that the polypeptide has an important role 
as regulator of coronary tone and flow, 
contributing also to heart contractility and rate.

Class C GPCRs (metabotropic glutamate/
pheromone receptors)37 forms a large family 
composed by metabotropic glutamate 
(mGlu), gamma-aminobutyric acidB (GABAB), 
Ca2+-sensing (CaS), and taste and odor 
receptors. mGlu receptors intervenes in 
synaptic transmission and excitability of 
neuronal cells.38 Their action could be used 
therapeutically in a wide set of psychiatric 
and neurodegenerative disorders.39 GABA 
(gamma-aminobutyric acid) is the main 
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inhibiting neurotransmitter of the central 
nervous system, weakening the transmission 
of neural signal. It uses two types of receptor: 
type A (GABAA) functions as ligand-gated 
transmembrane ion channels (ionotropic 
receptors), while type B (GABAB) acts as 
GPCRs, transmitting their signal via G proteins 
and a second messenger (metabotropic action). 
The intracellular actions include inhibition of 
adenylyl cyclase, which in turn inhibits the 
voltage-dependent calcium channels, and 
doing so induces a long-sustained synaptic 
transmission inhibition, later and slower in 
comparison with which is caused by type A 
GABA.40,41 GABAB agonism effects can be used 
in the management of pain, as an inhibitor of 
nociceptive transmission in afferent fibers, 
but sufficient clinical evidence is still lacking. 
These drugs have also promissory evidence 
in neuropathic pain and spastic disorders. 
Also, GABAB agonists have been tested for the 
treatment of alcohol and cocaine addiction 
and a series of psychiatric and neurological 
conditions. CaS (calcium sensing receptor) 
is a unique GPCR, synthetized in both 
parathyroid glands and kidneys, whose ligands 
are Ca++ ions. The receptor intervenes in 
calcium homeostasis regulating the secretion 
of parathyroid hormone. Allosteric agonists, 
acting as calcium mimetics have been tested 
with certain success in various metabolic 
calcium disorders, as hyperparathyroidism, 
some kinds of hypocalcemia and osteopenia/
osteoporosis.42

The vomeronasal organ (VNO) has crucial 
importance in many inferior animals. Located 
in the highest part of the nasal septum, serves 
a detecting organ of pheromones and scent 
molecules, which in turn yields to multiples 
effects on animal social, mating, and preying 
behavior.43,44 Although it was thought that VNP 
did not exist at all in humans, there is convincing 
evidence that shows its existance, although less 
developed than in lower mammals and reptiles. 
Unlike what happens in lower animals that have 
a pair of these organs, in humans, it is usually 
unilateral, without neural connections.43,44 
Surely, VNO (Jacobson organ) in humans 
represent a non-operational, fading basic 
chemical communication system with members 
of our same species.44 Notwithstanding, there are 

some evidences signaling the existence of human 
pheromones, steroids produced in the skin that 
can elicit certain sex hormones modifications in 
men and women.45 Regarding the savor sense, 
there are six basic tastes: sweetness, bitterness, 
umami (from the Japanese term umai meaning 
delicious or savory), and the taste of fat caused 
by the detection of free fatty acids in food 
(«oleogustus»), sourness, and saltiness.46-48 The 
first four are detected by GPCRs expressed in 
specialized test cells located in gustatory tongue 
papillae and other portions of the oropharyngeal 
cavity.49 Among taste disorders, are known the 
absolute absence of taste (ageusia), the reduction 
of this sense (hypogeusia), the confusion in 
determining different tastes (dysgeusia), and the 
permanence of a taste, generally unpleasant, that 
does not correspond to any meal or substance 
swallowed (phantom taste).50 Taste sensing and 
signaling in mammals, including humans is an 
extremely complex function. A part of the cluster 
of chemical signs and receptors involved in this 
matter, GPCRs are expressed in some type II 
cells from the bud taste and contribute to the 
build-up of tasting sense. Taste dysfunction can 
be observed in a bunch of acute and chronic 
diseases and conditions, such as viral flu 
infections, VIH, ageing, diabetes, autoimmune 
diseases, cancer, nutritional deficiencies, as 
effects of ionizing radiations, and drugs side-
effects, among many others.50,51 In this regard, 
antagonists of the AT1 angiotensin II receptors 
reduce taste sensitivity by already unclear 
mechanisms, while the metallic phantom-
taste frequently observed with the chronic 
use of the ACE inhibitor captopril is related to 
its thiol-group which can form chelated zinc 
compounds.52 So far, has not been elucidated 
the possible involvement of GPCRs Class B and 
C in taste disorders.

The remaining GPCRs families, class D, 
E, F and adhesion have been, so far, less 
studied. D class serves mating responses in 
fungi,3 while class E receptors were found 
in Dictyostelium discoideum, a lime mold 
that can live as a unicellular amoeba, but 
in certain circumstances can aggregate with 
other of its own species to form multicellular 
beings.53 Class F is composed by Frizzled and 
Smoothened (SMO) proteins in human beings, 
playing several roles in cancerogenesis, stem 
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cells and embryo development.54,55 Finally, 
in humans the adhesion family consists of 33 
receptors the effects of some members of this 
family have been related to organogenesis, 
neurodevelopment, myelination, angiogenesis, 
and cancer progression.56

Structure of GPCRs

GPCR receptors are known as seven trans-
membrane receptors (7TM), as their common 
feature is the presence of seven α-helical trans-
membrane domains (TM 1-7) combined with 

three extracellular loops and three intracellular 
loops (Figure 1).56-59 Specific segments of 
the extracellular loops are the place where 
ligands interact with the receptors, while the 
intracytosolic loops are in contact with G 
proteins. The external terminus of the peptide 
chain contains an amide group (NH2), while 
the internal has a carboxyl group (COOH). The 
single polypeptide of many GPCRs has among 
290 to 951 aminoacid residues (Figure 1).

Guanine nucleotide-binding proteins (G 
proteins, GPs) are specialized in signal transducing 
(Figure 2).60 A group of them, are heterotrimeric 

Figure 2: 
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proteins, i.e., formed by three different structurally 
independent subunits, named α, β, and γ. Gα 
contains guanosine triphosphate (GTP),61 one 
of the energy transfers formed in the Krebs 
cycle. Gα is bound to the internal structure of 
the receptor, as well to a composed unit formed 
with β and γ subunits. This is the arrangement 
when the receiver is in an inactivate state. When 
an agonist nests in the external portion of the 
receptor, an allosteric change of shape and 
function of Gα takes place. Gα has GTPase activity, 
converting GTP in guanine diphosphate (GDP), 
and releasing energy. By acting in such way, Gα 
behaves as an activation/deactivation switch 
of many transducing processes. When GTP is 
activated, the trimeric structure is broken, but β 
and γ subunits stay together, and elicit their own 
intracellular or membrane effects, while liberated 
Gα can freely interact with other substrates 
or effectors, in the vicinity of cell membrane, 
forming molecules who play the role of second 
messengers in the signaling cascade. Once GTP 
is converted in GDP, Gα enters in a phase of rest, 
and the three subunits are reunited, recovering 
their basal trimeric nature.57,58

A simplified example of the above is 
provided by the interaction of angiotensin II 
with AT1 receptor (Figure 2).62 The octapeptide 
interacts with the extracellular orthosteric 
binding site, in the loop E2, activating the 
receptor and initiating a conformational 
and functional change in Gα. When Gα is 
freed goes to the membrane and in turn, 
activates the enzyme phospholipase C (PLC), 
which among other functions, hydrolyze 
a constitutive membrane phospholipid, 
phosphatidylserine, producing two second 
messengers, diacylglycerol (DAG) and inositol 
1,4,5-trisphosphate (IP3). The former, without 
leaving the membrane activates protein kinase 
C (PKC), a multifaceted messenger, which 
phosphorylating several proteins, exerts a 
number of functions, among them, muscle 
contraction and growth (is one of the reasons 
why angiotensin II is a vasoconstrictor, as well 
as a growth promoter). On the contrary, IP3 
abandon the membrane in which is produced, 
and reaches the endoplasmic/sarcoplasmic 
reticulum, and through a specific receptor 
allows the exit of Ca++ to the cytosol, in 
favor of its osmotic gradient. Ca++ has several 

functions, as facilitating muscle contraction and 
cell proliferation.

For more complexity, Gα is not a single 
protein, but indeed form an enter family of 
different classes. There are varieties of the 
protein with particular functions, pertaining 
to several GPCRs. At least are recognized four 
groups of theses Gα subunits: Gαs, Gαi, Gαq, and 
Gα12. For example, Gαs stimulates the enzyme 
adenylcyclase, forming at the end cAMP, a 
second messenger involved in multiple signaling 
processes. On the contrary, Gαi, is composed 
by a large number of inhibitory proteins which 
inhibits adenylcyclase and reduces the amount 
of cAMP. Gαq activates PLC, generating the 
abovementioned second messengers DAG and 
IP3. Finally, Gα12 (also called Gαt or transducin), 
is specialized in photo-transduction in the 
retina.63

There is another family of small monomeric 
G proteins akin to Gα, which function as 
GTPases.64,65 As their similar greater GPs, 
they behave as binary switches of multiple 
cellular functions (as cytoskeletal organization, 
polarity, gene expression, cell differentiation, 
mobility, lipid endocytic trafficking, etc.)63 
in a cyclic GTP/DGP sequence controlled by 
regulatory proteins, some of them stimulating 
GTP formation, while others promoting the 
conversion to GDP (GDP/GTP-exchange factors 
and GDP-dissociation inhibitors, respectively). 
As the bigger GPCRs, small GPs are activated 
when bound to GTP and become inactivated 
when GTP switches to GDP. GPs are assembled 
in large families. Members of the Ras family (the 
name comes from rats sarcoma,66,67 animal 
model in which they were discovered) are 
involved in cell proliferation and cancer genesis 
(they are oncogenes), although many of them 
are in fact tumor suppressors. A homologous 
group, known for that reason as Rho family 
is also intermingled in a copious amount of 
cellular processes, mainly, cell morphology and 
mobility. Other important groups of these small 
GTPases are Rab, Ran, Miro and Arf families.65

An example of the function of these small 
monomeric molecules is their relationship with 
the mevalonate cascade, which final product is 
cholesterol (Figure 3).68 The rate-limiting step 
for cholesterol biosynthesis is the activity of the 
enzyme 3-hidroxi-3-metil-glutaril-CoA reductase 
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(HMG-CoA), which is inhibited by statins. In this 
cascade, are produced also intermediate non-
sterol metabolites, isoprenoids as isopentenyl 
pyrophosphate, farnesyl and geranylgeranyl 
diphosphates (FPP and GGPP), dolichol and 
ubiquinone. Using specific tranferases, FPP 
and GGPP attaches farnesyl or geranylgeranyl 
moieties to the protein to be modified. This 
posttranslational modification is known as 

prenylation or farnesylation, which allow small 
GPs to be attached in the cell lipid membrane, 
where they can interact with specific receptors, 
initiating or modulating several signal transduction 
systems, getting going, for example several 
phenomena as cell proliferation, differentiation, 
apoptosis, or cytoskeleton organization.69 This is 
the reason why statins, apart from the reduction 
of de novo cholesterol production, exert the so-

The mevalonate pathway leads on one hand to the biosynthesis of de novo cholesterol, but also to the formation of intermediate, 
non-steroidal metabolites, isoprenoid compounds, whose function is the prenylation or farnesylation of proteins, among them, 
small monomeric G proteins, involved in in the implementation of many inflammatory, apoptotic, degenerative and proliferative 
processes.

Figure 3: Generation of small G proteins the mevalonate pathway.
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called «pleiotropic» beneficial actions, decreasing 
the biological effects of small GPs.

CONCLUSION

The GPCR family is involved in many 
physiologic processes and has a role in 
numerous biopathological mechanisms of 
multiple diseases. Currently, a great number 
of drugs target diverse CGPR, as was discussed 
in the text. In the near future an even greater 
number of drugs will be used to inhibit 
or stimulate these receptors, and induce 
therapeutic modifications in a variety of 
pathologies.

The clinician dedicated primarily to the 
care, diagnosis and treatment of patients will 
better perform its important missions if it is able 
to introduce in her or his mental mechanisms 
the concepts derived from the knowledge of 
the interaction among agonists and antagonists 
with the vast variety of receptors that must be 
considered therapeutic targets.
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