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Introduction
Every human cell is surrounded by the plasma membrane, a 

Phospholipid bilayer. The membrane make it possible for the cell that 
it can maintain a specific mixture of biochemically active species, 
while preventing the entry of unwanted substances from outside the 
environment. For proper function, the biochemical machinery in the 
cell needs to be able to receive the instructions from outside.

If on the outside of the cell any changes in the hormone level 
occurred then it elicit the adaptive changes in the enzyme activity in 
the inside of the cell also. Odour molecule affects cells in the olfactory 
epithelium and substances in the food influence chemical activities 
in taste buds cells, which in turn elicit electrical signals that transfer 
information to brain.

In human, Cells are frequently communicating with each other and 
with the surrounding environment also which requires a molecular 
framework and a proper mechanism for the transformation of 
information across the plasma membrane. In the body transduction 
of signals may takes place over long distance and it also requires a 
mechanism for the transformation of information over the plasma 
membrane.

The molecular framework means the plasma membrane which 
is made up of phospholipid bilayer consist of G- protein coupled 
receptor. The name GPCR refers to a common mode of receptor 
signalling via GTP- binding protein on the inside of the cells. Because 
their polypeptide chain passes seven times through the plasma 
membrane, GPCRs are also called as SEVEN- TRANSMEMBRANE 
(7TM) receptor. 7TM receptors mediate the physiological signals from 
the outside of the cells. Then these signal can be a change in the 
concentration of protein, lipid, neurotransmitters, ions, hormones, 
odourants, tastants, etc., or an influx to the eye. GPCRs transform 
these signals to the inside of the cells and elicit a series of reactions 
involving other nucleotide, protein and metal ions, which eventually 

deliver a message and appropriate cellular and physiological 
response1,2 (Figure 1). Receptor is a molecule on or in a cell with 
which a drug, hormones, neurotransmitters etc. can initially interacts. 
G- Protein coupled receptors are heptahelical, serpentine receptor and 
are multifunctional receptor having a lots of clinical implications.3

GPCRs superficially comprises the largest and most diverse group 
of protein in mammals and it allows the transmission of variety of 
signals over the cell membrane, between cells and over long distances 
in the body.4–7 Typically they are seven trans membrane domain 
protein and include>800 membranes which are encoded by ~ 5% of 
humane genes8 (Figure 2). 

Classes of GPCR

I. Class A: Rhodopsin like

a. (Rhod)opsin

b. Olfactory

c. Prostanoid

d. Nucleotide like

e. Gonadotropine- releasing hormone

f. Thyrotropin- releasing hormone

g. Melatonin

II. Class B: Secretin like

i. Calcitonin

ii. Corticotropin releasing factor

iii. Gastric inhibitory peptide

iv. Glucagone

v. Growth hormone- realising hormone
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Abstract

G- protein coupled receptors are the heptahelical, serpentine receptor and are 
multifunctional receptors having modulatory activity of a wide variety of biological 
process including: Neurotransmission, Chemoattraction, Cardiac function, Olfaction 
and Vision etc. At largest level they are involved in signal transduction across cell 
membranes therefore they represent major targets in the development of novel drug 
candidates in all clinical areas. Particularly membrane cholesterol has been reported 
to have a great role in the functioning of a number of GPCRs. Apart from this it also 
have some drawbacks. Mutations that occur are associated with a broad spectrum of 
diseases of diverse etiology. As a mutations result, there is a change in receptor activity 
(GPCR become inactive, overactive, or constitutively active), in the process of ligand 
binding and signal transduction. Changes in the GPCRs functioning can cause diseases 
such as retinitis pigmentosa (rhodopsin mutations), nephrogenic diabetes insipidus 
(vasopressin receptor mutations), and obesity (melanocortin receptor mutations). 

Keywords: gpcrs, serpentine receptor, neurotransmission, retinitis pigmentosa, 
nephrogenic diabetes insipidus, bardet-biedl syndrome, hypogonadism

Journal of Stem Cell Research & Therapeutics 

Review Article Open Access

https://creativecommons.org/licenses/by-nc/4.0/
http://crossmark.crossref.org/dialog/?doi=10.15406/jsrt.2017.02.00065&domain=pdf


Role of GPCRS towards cell: an explanation of g-protein coupled receptor structure 91
Copyright:

©2017 Sharma et al.

Citation: Sharma N, Sahdev AK, Raj V. Role of GPCRS towards cell: an explanation of g-protein coupled receptor structure. J Stem Cell Res Ther. 
2017;2(3):90‒96. DOI: 10.15406/jsrt.2017.02.00065

vi. Parathyroid hormone

vii. PACAP

viii. Secretin 

ix. Vasoactive intestinal polypeptide

x. Diuretic hormone

III. Class C: Metabotropic glutamate/ pheromone

a) Metabotropic glutamate

b) Calcium sensing like

c) Putative pheromone receptor

d) GABA-B

IV. Class D: Fungal pheromone

V. Class E: cAMP receptors

Figure 1 Cartoon of a section of cell in which induced GPCR in Plasma 
membrane (Phospholipid bilayer) is shown. The bilayer contains many proteins. 
The receptor is occupied by a ligand (Neurotransmitter, red in colour), 
bound to a G-protein (blue), and activated. The ligand does not pass through 
the membrane; the signal is transmitted by conformational changes in the 
receptor protein.3

Brief introduction of ‘G’ Protein

G- Protein is composed of 3 subunits alpha, beta and gaama. 
These G- Protein binds to the Guanosine Triphosphate (GTP) present 
in the receptor. Alpha and gaama subunits are linked to membrane 
by covalently attached lipids. The alpha subunits associate to GPCRs 

only when in GDP mode. G- Proteins in inactive state bound to the 
GDP then it moves and get bound to the GTP then after binding it gets 
activated. Alpha subunit of G- Protein has GTPase activity. 

Figure 2 Outline of Mechanism of action of GPCRs.8

Discovery, detection of GPCRs

As we know that the molecular properties of 7TM receptors has 
been discovered over the past 40 years. However, rhodopsin had been 
identified as a photosensitive pigment as early as the 1870s, and its 
covalent ligand retinal was reported in 1933.9 From the century ago 
we know about the ligand- activated receptors, in these receptors 
reactive cells act as a ‘receptive substance’ on the surface.10,11 Early 
experiments with tissue preparations measured the responses to 
stimulators (agonists) and inhibitors (antagonists).12

There are so many signalling compounds present inside the cells. 
These include the second messenger cyclic AMP (cAMP) and the 
enzyme adenylyl cyclase (;13 Nobel Prize in Physiology or Medicine 
1971 to Earl W. Sutherland, Jr.), cAMP-dependent protein kinase14 
and heterotrimeric G-proteins,15–17 Nobel Prize in Physiology or 
Medicine 1994 to Martin Rodbell and Alfred G. Gilman).

The nature of the ligand-activated receptors remained 
controversial up to the 1970s. Epinephrine is an important hormone 
and neurotransmitter that influences many different physiological 
processes, e.g. regulation of heart rate and blood pressure. Cells 
responsive to epinephrine have specific plasma membrane receptors 
(adrenergic receptors) that interact with the hormone. There are 
at least nine different adrenergic receptors, grouped as α- and 
β-receptors. Different tissues and organs respond in different manners 
to elevated epinephrine concentration. A main goal was fulfilled when 
radio ligands specific for the β-receptors were found.18–20 The field 
exploded, and radio ligands with retained specificity were developed 
for a large number of receptors. Radio ligands were also used to 
quantify and compare the effect of a range of adrenergic compounds 
on the activity of β-adrenergic receptors and adenylyl cyclase. Studies 
of the thermodynamic coupling between ligand- and G-protein–
binding events provided insights into the signalling mechanism.21,22
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Isolation & purification
Isolation and purification of GPCRs in functional form in vesicles 

(spherical model membranes) was first achieved for rhodopsin by 
Ruth Hubbard.23 The receptors activation by diffusible ligands are 
generally found in less amount, for example: In tissues, like liver, 
lung and heart, and this was the reason that their isolation was 
very challenging. Reports on solubilized receptors for vasopressin, 
thyrotropin and parathyroid hormone came in 1975.24–26 The choice 
of detergent proved to be the key for the solubilization of a functional 
βAR by Marc Caron and Lefkowitz.7,28 They used the same detergent 
as used in the earlier isolation of functional rhodopsin,23 an intriguing 
coincidence considering that the sequence homology between the two 
was unknown at the time. Affinity chromatography methods were 
developed to purify the receptors using specific ligands conjugated to 
chromatography resins.29,30 With a few additional steps, β-adrenergic 
receptors were purified to near theoretical specific activity.31–33 

Signalling mechanism

Cell signaling is a complex system of communication, which 
controls and regulates basic cellular activities and coordinates cell 
actions.34 In biological point of view signal transduction refers to any 
process through which a cell converts one kind of signal into another. 
Signal transduction involves sequences of biochemical reactions 
inside the cell, which are carried out by enzymes, activated by second 
messengers, resulting in a signal transduction pathway.

Signaling molecules

Multicellular organisms have diverse number of small molecules 
and polypeptides that coordinate cell’s individual biological activity. 

These molecules have been functionally classified as:

Peptide hormones (e.g., Melatonin,35 Glucagon), Proteins: 
Growth factors (e.g., Epidermal growth factor,36 Platelet derived 
growth factor), Steroids (e.g., Testosterone,37 Estrogen, Progestirone, 
Carticosteroids), Retenoids - Synthesised from vit- A, Neurotrophins 
(e.g., Nerve growth factor),38 Neuropeptids (e.g., Enkephalins 
and Endorphins),39 Small gases (e.g., Nitric oxide), extra-cellular 
matrix components (e.g.,Fibronectin),40 Neurotransmittors (e.g., 
Acetylcholine, Dopamine,41 Adrenaline,5-HT,42 Histamine, GABA, 
Glutamate), Ecosanoids (e.g., Prostaglandins, Thromboxanes, 
Prostacyclines), Leukotrienes, Vitamines (e.g., Vit- D3), cytokines 
(e.g., Interferon-gamma),43 Chemokines (e.g., RANTES),44 Amino 
acid derivatives (e.g., epinephrine),44 Poly peptides (e.g., Insulin),45 
Fatty acid derivatives.

Classification of intercellular communication: cell sig-
naling mechanisms-

Intracellular signaling is subdivided into the following classes

Endocrine cell signaling: Endocrine cells secrete a polypeptide or 
steroid hormone into blood vessel. The hormone is then carried to a 
target cell, which may be located at considerable distance from the 
secreting cell.

Example- Estradiol is a hormone, produced by the ovary and acting 
on endometrium.

Paracrine cell signaling: Paracrine cells secrete hormones or growth 
factors that act on adjacent steroid cells.

Example-Glucagon and somatostatin acts on adjacent cells of the is-
lets of Langernans which secrete insulin.

Autocrine cell signaling: Some hormones or growth factors such as 
prostaglandins and interlukins can act on the originating cell and exert 
an autocrine control. 

Example- Autocrine signaling is found in immune cells.

Neurotransmitter cell signaling: [A specific form of paracrine signa-
ling] in response to a neural signal, neurons secrete neurotransmitters 
from the axon terminals to activate adjacent neurons.

Neuro endocrine cell signaling: [A specific form of endocrine sig-
naling] in response to a neural signal, neuroendocrine cells secret a 
hormone into the blood to travel to a target organ.

Example- Norepinephrine acts on hepatocytes or adipocytes.

Juxtacrine cell signaling: Signals are transmitted along cell 
membranes via protein or lipid components integral to the membrane 
and are capable of affecting either the emitting cell or cells immediately 
adjacent.

Mechanism

G protein-coupled receptor is activated by an external signal in the 
form of a ligand or other signal mediator. This creates a conformational 
change in the receptor, causing activation of a G-protein. Further 
effect depends on the type of G protein.

Ligand binding

GPCRs include receptors for sensory signal mediators (e.g., 
light and olfactory stimulatory molecules); adenosine, bradykinin, 
endothelin, melanocortins, neuropeptide Y, γ- aminobutyric acid 
(GABA), opioid peptides, somatostatin, hepatocyte growth factor, 
vasopressin, opsins, vasoactive intestinal polypeptide family, 
and tachykinins, chemokines; lipid mediators of inflammation 
(e.g., prostaglandins, prostanoids, platelet-activating factor, and 
leukotrienes); peptide hormones (e.g., calcitonin, follicle-stimulating 
hormone (FSH), gonadotropic-releasing hormone (GnRH), glucagon, 
acetylcholine (muscarinic effect), and serotonin); and biogenic amines 
(e.g., dopamine, epinephrine, norepinephrine, histamine, glutamate 
(metabotropic effect), neurokinin, thyrotropin- releasing hormone 
(TRH), and oxytocin).

Conformational change

It is completely known that the inactive G protein is bound to 
the receptor in its inactive state. Once the ligand is recognized, the 
receptor shifts conformation and thus mechanically activates the G 
protein, which detaches from the receptor.46 The cascade reaction 
on the inside of the cell starts with nucleotide exchange and the 
G-protein dissociates into subunits (Gα, Gβ and Gγ).47 Gα binds to 
and stimulates enzymes such as adelnylate cyclase. This produces the 
cyclic nucleotide cAMP, which diffuses easily and serves as a ‘second 
messenger’. Other proteins may interact with Gβ and Gγ to further 
modulate the signal. The activated GPCR conformation lasts long 
enough to allow one bound agonist molecule, or one adsorbed photon, 
to activate several G-proteins, which amplifies the signal.48,49 Reacted 
G-proteins reassociate after nucleotide hydrolysis and may re-enter 
the cycle.

It is known that a receptor molecule exists in a conformational 
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equilibrium between active and inactive biophysical states.50 The 
binding of ligands to the receptor may shift the equilibrium toward the 
active receptor states. Three types of ligands exist: agonists are ligands 
which shift the equilibrium in favour of active states; inverse agonists 
are ligands that shift the equilibrium in favour of inactive states; and 
neutral antagonists are ligands that do not affect the equilibrium. It is 
not yet known how exactly the active and inactive states differ from 
each other.

GPCR signaling without G proteins

Some GPCRs are able to signal without G proteins. The ERK2 
mitogen-activated protein kinase, a key signal transduction mediator 
downstream of receptor activation in many pathways, has been shown 
to be activated in response to cAMP-mediated receptor activation in 
the slime mold D. Discoideum despite the absence of the associated 
G protein α- and β-subunits. In mammalian cells, the much-studied 
β2-adrenoceptor has been demonstrated to activate the ERK2 pathway 
after arrestin-mediated uncoupling of G-protein-mediated signaling.

In kidney cells, the bradykinin receptor B2 has been shown to 
interact directly with a protein tyrosine phosphatase. The presence 
of a tyrosine-phosphorylated ITIM (immunoreceptor tyrosine-based 
inhibitory motif) sequence in the B2 receptor is necessary to mediate 
this interaction and subsequently the antiproliferative effect of 
bradykinin.51

Characteristics of selected GPCR in disease state

Mutations that occur are associated with a broad spectrum of 
diseases of diverse etiology. As a mutations result, there is a change in 
receptor activity (GPCR become inactive, overactive, or constitutively 
active), in the process of ligand binding and signal transduction. 
Changes in the GPCRs functioning can cause diseases such as retinitis 
pigmentosa (rhodopsin mutations), nephrogenic diabetes insipidus 
(vasopressin receptor mutations), and obesity (melanocortin receptor 
mutations). Many mutational changes in genes encoding GPCR 
can change drug therapy of already existed diseases: heart failure 
(adrenergic receptors), asthma (cysteinyl leukotriene receptors). 
Studies concerning the structure and function of genetically modified 
GPCRs allow to get know a variety of mechanisms of its action, which 
in turn can contribute to broaden the knowledge on the etiology and 
pharmacotherapy of many currently incurable diseases.

Impaired signaling of various GPCRs is the cause of many 
congenital and acquired diseases. They are caused by number of 
mutations, changing the structure and function of receptors52 (Figure 
3). These disorders affect GPCR activity, reinforcing the function of 
receptors (gain-of function) or loss (loss-offunction).

Rhodopsin is a receptor belonging to the family A (rhodopsin 
like receptors), which is responsible for vision process. It is located 
in specialized cells of the retina i.e. rod cells. All members of this 
family are activated by small ligands, such as biogenic amines and 
nucleotides, and rhodopsin is activated by photons. The action of 
the light is converted into an electrical signal sent to the brain.53 
Rhodopsin is the first receptor of GPCRs family, for which high-
resolution structure was obtained by the crystallography. Rhodopsin 
is different from other GPCRs in that it is constantly connected with 
the inverse agonist 11-cis-retinal, which maintains the receptor in an 
inactive state. Photon absorption affects the configuration change of 
11-cis-retinal to trans-retinal, and thus the conversion of rhodopsin 
to its active form metarhodopsin II. Consequently, transducin (G 

protein) coupled with rhodopsin is activated by the exchange of GDP 
to GTP in α subunit and then initiates a phototransduction cascade.54,55 

Rhodopsin mutations lead to diseases associated with impaired 
vision. Twenty percent of them are point mutations that cause 
improper folding, transport or processing of the receptor.56 Mutations 
that cause the diseases are often nonsense mutations that lead to a 
single amino acid substitution in the peptide chain of the receptor. 
Taking into account the effects of mutations on rhodopsin receptor 
activity, they can be divided into two groups: a) mutations leading 
to an increase of receptor activity by creating constitutively active 
mutants (CAM). These mutant receptors are still capable of 
activation, even in the absence of exposure to the ligand; b) mutations 
leading to decreased receptor activity due to changes taking place in 
the phosphorylation process. The consequence of the most of these 
mutations is the development of the disease. Most of the known 
rhodopsin mutations are constitutively active rhodopsin mutants. 
CAM has modified binding site of an inverse agonist, 11-cis-retinal, 
and therefore mutated receptor is not inhibited. As a result, there is 
a dysfunction of rods, resulting in impairment of perception of light 
in the dark. Constitutively active mutants were first discovered in a 
severe, progressive disease that is retinitis pigmentosa (RP).57 

Figure 3 This picture showing the signalling pathway.54

RP defines a group of heterogeneous inherited disorders 
associated with changes and loss of retinal cells. RP is reported to 
be approximately 1:4000 people.58 Mutations in the gene encoding 
rhodopsin, leading to the formation of CAM, are in positions: 
Thr4Lys, Asn15Ser, Thr17Met, Pro23His, Pro23Leu, Gln28His, 
Glu113Gln and Lys296Glu.59 Classic RP begins with the problems 
in adaptation to the dark vision that during adolescence goes into 
night blindness (nyctalopia). The next stage of the disease is the 
progressive loss of peripheral vision in the early years of adulthood. 
As the disease progresses, there is a total loss of the peripheral vision 
with the possibility of occurrence of a tunnel vision, and usually to 
60 years of age there is a loss of central vision. The symptoms are the 
result of progressive retinal dystrophies with reduction of two types 
of photoreceptors: rod cell, which enable vision in black and white in 
low light intensity; cone cells, which are responsible for color vision. 
Degeneration of both types of photoreceptors occurs in the process of 
apoptosis. RP is a disease damaging the visual perception, but there 
are cases in which the disease is associated with other disorders.

There are about 30 syndromes co-existing with RP. These include:58

Usher syndrome and RP is associated with loss of hearing. There 
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are 3 types of this syndrome. In the first one, hearing loss can be very 
large and it manifests at birth. Balance difficulties can also occur. In 
the second type of disease, hearing loss can be moderate or mild and 
does not increase in time. At last, the third type, hearing loss occurs 
gradually during adolescence. Usher syndrome is a result of mutations 
in at least 11 genes.

Bardet-Biedl syndrome and RP is associated with other disorders 
such as obesity, hypogonadism, renal failure, or mental retardation. 
Ten genes have been identified whose mutations are responsible 
for 70% of RP cases. Currently, there are no drugs for selective RP 
pharmacotherapy. There are many different methods to prevent the 
progressive loss of vision. These are vitamins A and E supplementation 
ñ the daily dose of 4.5mg of retinyl palmitate may delay blindness 
by up to 10 years; ñ docosahexaenoic acid supplementation, which 
belongs to the group of ω-3 acids. In the membranes in which 
rhodopsin is located, there is significant amount of docosahexaenoic 
acid, an oxygen therapy ñ in normal conditions, retinal photoreceptors 
have high oxygen consumption. It is assumed that the supply of 
oxygen to the retina, can partially rescue photoreceptors and they are 
able to carry out the necessary metabolic processes.59

Regulation of GPCRs

There must be mechanisms for the deactivation and regulation of 
the signal from an active GPCR, or the signal becomes permanent. 
The signal can be interrupted by dissociation of the agonist, but it 
can also be terminated or down regulated through biochemical 
regulation of the receptor. Exposure to ligand may lead to down 
regulation.60 Phosphorylation of the intracellular part makes the 
receptor less sensitive to the ligand concentration61 or light;62 in 
other words, the receptor becomes desensitized. Specific enzymes 
conduct this chemical modification, for example, the β-adrenergic 
receptor kinases63 and rhodopsin kinase.64 Phosphorylation increases 
the affinity of the receptor for regulatory proteins called arrestins,65,66 
leading to further down regulation. Kobilka found that internalization 
via endocytosis and recycling of receptors are other mechanisms for 
regulation of receptor signalling.67–69 

Conclusion
The result concluded that a large enough panel of GPCRs has 

been found and systematically characterized. In addition, the nature 
of GPCR ligand-binding sites is greatest considered by a arrangement 
of site-directed mutagenesis, screening of big numbers of potential 
ligands and molecular modelling of the receptors. In this article, to 
understand what is known concerning the mechanism and structure of 
activation of GPCRs site primarily on two model systems.
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