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ABSTRACT  

 

The super family of G-protein-coupled receptors (GPCRs) is the main target for the actions exerted by 

hormones, drugs and neurotransmitters. Each GPCR shows preferential coupling to some members of the G-

protein family such as Gs, Gi and Gq which in turn activates the defined second messenger pathways. The G 

protein-coupled receptors (GPCRs) represent 50–60% of the current drug targets and this family of 

membrane proteins plays a crucial role in drug discovery, health and disease conditions. The G-protein-

mediated signalling system has been used to study transmembrane signalling mechanisms in eukaryotic 

organisms resulting in different cellular activities and effects such as cellular growth, proliferation and 

differentiation. The G-protein-mediated signalling systems are made up of three main components, the 

receptors, the heterotrimeric G-proteins and the effectors in addition to various proteins that modulate the G-

protein-mediated signalling process like the regulators of G-protein signalling (RGS) proteins. Mammalian 

cells express many GPCRs and several types of heterotrimeric G-proteins and their effectors. A number of 

drugs based on GPCRs have been developed for such different indications as cardiovascular, metabolic, 

neurodegenerative, psychiatric, and oncologic diseases. Most neurotransmitters of the central nervous 

system (CNS) act on GPCRs to mediate different cellular responses in normal and disease states. The 

activation of receptors that interact through Gi e.g. cannabinoid receptor types convey neuronal protection 

against hypoxic insult and resultant excitotoxic death.  
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     INTRODUCTION

Receptors are proteins found on the cell 

membrane, cytoplasm or nuclear membrane which 

bind specific molecules such as neurotransmitters, 

hormones or other ligands and as such initiate the 

cellular response to these substances [1, 2]. 

Ligand-induced changes in the behaviour of 

receptor proteins result in physiological changes 

that constitute the biological actions of the 

ligands. There are a variety of different types of 

ligands. Full agonists are able to activate the 

receptors and produce a maximal biological 

response and, as such, most naturally occurring 

ligands are full agonists. Partial agonists are not 

able to maximally activate receptors resulting in a 

partial biological response while antagonists bind 

to the receptor but do not activate it and thus 

result in receptor inhibition of the binding of 

agonists. Inverse agonists are ligands which 

produce an effect opposite to that of an agonist, 

yet act at the same receptor. They promote or 

stabilize an inactive form of the receptor [2, 3]. 

Receptors are activated by the binding of the 

specific agonist to them, which in turn leads to the 

activation of the second messenger. The activation 

of the second messenger cascade and the final 

biological response is achieved only when a 

significant number of receptors are activated by 

bound ligands. Receptors are classified depending 

on the ligand, their function and position [1]. 

Some receptor proteins are peripheral membrane 

proteins while many hormone receptors and 

neurotransmitter receptors are transmembrane 

proteins. The transmembrane receptors are 

embedded in the lipid bilayer of cell membranes 

and allow the activation of signal transduction 

pathways in response to their activation by the 

binding molecule or ligand [2, 3]. Metabotropic 

receptors are coupled to G proteins and affect 

cells indirectly through enzymes which control 

ion channels, while ionotropic receptors contain a 

central pore which functions as a ligand-gated ion 

channel [1, 2]. Another major class of receptors 

are intracellular proteins, such as steroid hormone 

receptors. These receptors can often enter the cell 

nucleus and modulate gene expression in response 

to the activation by the ligand [4, 5]. The 

regulatory protein subunits of many ion channels 

and transmembrane receptors may be defined as 

peripheral membrane proteins [2, 4 & 5].   

The transmembrane receptors are integral 

membrane proteins, which reside and operate in 

the plasma membrane of the cell and also in the 

membranes of some subcellular compartments and 

organelles [4, 6]. The binding of signalling 

molecule on one side of the membrane to 

transmembrane receptors initiate a response on the 

other side. In this way they play a unique role in 

cellular communications and signal transduction 

[3, 5]. Many transmembrane receptors are 

composed of two or more protein subunits which 

operate collectively and may dissociate when 

ligands bind or fall off. The transmembrane 

receptors have both extracellular domain and 

intracellular domain which means that within the 

intracellular domain enzymes are found that bring 

about the phosphorylation of the effectors [5, 7]. 
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There are several ways that cells regulate the 

activity of a transmembrane receptor. The most 

important way is through phosphorylation and 

internalization [6, 8]. Examples of transmembrane 

receptors are adrenergic receptors, olfactory 

receptors, receptor tyrosine kinases, epidermal 

growth factor receptors, insulin receptors, 

fibroblast growth factor receptors, neurotrophin 

receptors, nerve growth factor (NGF) receptors 

and N-methyl-D-aspartic acid (NMDA) receptors 

[3, 9]. Neurotransmitter receptors can be classified 

into two broad categories based on their structural 

and functional characteristics, namely 

metabotropic and ionotropic receptors. The 

metabotropic receptors do not form an ion channel 

pore rather they are indirectly linked with ion-

channels on the plasma membrane of the cell 

through signal transduction mechanisms [3, 6]. 

This class of receptor includes the metabotropic 

glutamate receptors, muscarinic acetylcholine 

receptors, γ-amino butyric acid (GABA) 

receptors, and most serotonin receptors, as well as 

receptors for norepinephrine, epinephrine, 

histamine, dopamine, endorphin, enkephalin and 

the endocannabinoids [3, 9]. All metabotropic 

receptors are monomeric proteins with seven 

transmembrane domains. While ionotropic 

channels have an effect only in the immediate 

region of the receptor, the effects of metabotropic 

receptors can be more widespread through the cell 

[3]. Although individual receptor signalling 

mechanisms are most frequently studied in 

isolation, their activity in vivo is likely to be 

highly regulated by other signal-transduction 

events. Receptors which primarily activate one 

pathway may activate a second pathway. An 

example is the ability of GPCRs such as α2-

adrenergic receptors or muscarinic acetylcholine 

receptors (mAChRs), to activate the mitogen 

activated protein kinase (MAPK) cascade. The 

stimulation of GPCRs results in the activation of 

Adenylyl cyclase (AC) which results in the release 

of G protein βγ subunits. The present paper 

reviews the roles of G-protein coupled receptors 

in health and disease conditions. 

 

G protein coupled receptors: 

The GPCRs are also known as seven 

transmembrane (7TM) receptors and they belong 

to a super family of G protein receptors. Some of 

the examples are muscarinic acetylcholine 

receptors, adenosine receptors, adrenergic 

receptors, γ-amino butyric acid (GABA), 

cannabinoid receptors, dopamine receptors, 

glucagon receptors, metabotropic glutamate 

receptors, opioid receptors, calcium-sensing 

receptors and olfactory receptors. Hence the 

majority of life processes occurs through the 

activation of the GPCRs. Cells can regulate their 

receptors by either down regulating or up 

regulating the number of receptors to a given 

hormone, neurotransmitter or drug in order to alter 

their sensitivity to that molecule. This is called 

local feedback mechanism [3, 8, 9]. 

Several G protein-coupled receptors are capable 

of activating the MAPK pathway [9, 10, 11].  

Research has shown that MAPK was found to 

induce mitogenesis in cultured fibroblasts after 
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stimulation of GPCRs by naturally occurring 

phospholipids [12]. MAPKs are localised in both 

the cytoplasm and nucleus and are suspected to be 

involved in the phosphorylation of nuclear 

transcription factors which regulate gene 

transcription [10, 12]. Activation of protein kinase 

C (PKC) and phospholipase C beta (PLCβ) has 

also been linked to MAPK activation [13]. Thus, 

G proteins are linked to pathways that influence 

not only membrane conductance but also cell 

proliferation and growth, implicating a possible 

role of G proteins in disease pathology [10, 3, 14]. 

The receptors for neurotransmitters can be 

classified into two categories: metabotropic 

receptors, also called GPCRs, and ionotropic 

receptors. GPCRs are involved in signal 

transduction. The binding of neurotransmitters on 

GPCRs may trigger series of signalling processes 

which may result in cellular-induced activities. 

The ionotropic receptors form ion channels which 

may be activated upon binding of specific 

neurotransmitters. Once activated, the influx of 

cations, such as Na
+
, may cause the postsynaptic 

membrane to depolarize [7, 8]. If the 

depolarization reaches the threshold, an action 

potential can be generated on the postsynaptic 

neuron. The ion channel formed by 

neurotransmitter receptors is called the synaptic 

channel and each synaptic channel consists of five 

receptor subunits [8, 14].  

All metabotropic receptors are monomeric 

proteins with seven transmembrane domains. The 

N terminus of the protein is on the extracellular 

side of the membrane and its C terminus is on the 

intracellular side [9, 11]. Metabotropic receptors 

have neurotransmitters as ligands, which, when 

bound to the receptors, initiate a cascade of events 

that can lead to channel-opening or other cellular 

effects [3, 6]. When a ligand or primary 

messenger, binds to the receptor, or the 

transducer, it activates a primary effector, which 

can go on to activate secondary messengers. Since 

the opening of channels by metabotropic receptors 

involves activating a number of molecules in turn, 

channels associated with these receptors take 

longer to open than ionotropic receptors do, and 

are thus not involved in mechanisms that require 

quick responses [8, 9, 11, 14]. Metabotropic 

receptors also remain open from seconds to 

minutes and have a much longer-lasting effect 

than ionotropic receptors, which open quickly but 

only remain open for a few milliseconds [7-9]. 

While ionotropic channels have an effect only in 

the immediate region of the receptor, the effects of 

metabotropic receptors can be more widespread 

through the cell [3, 9]. 

Metabotropic receptors can open and close 

channels and can make a membrane more 

excitable by closing K
+
 channels. They can retain 

positive charge within the cell and thus reduce the 

amount of current necessary to cause an action 

potential [8, 10]. The metabotropic receptors on 

the presynaptic membrane can inhibit or, more 

rarely, facilitate neurotransmitter release from the 

presynaptic neuron [12, 15, 16]. These receptors 

can be further classified into receptor tyrosine 

kinases and G-protein-coupled receptors, known 

as GPCRs [8, 9, 11, 14, 16], as shown in Figure 1. 
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             Fig 1:  The effects of agonist-induced activation of receptors at the cell membrane. 

 

                                  

Figure1: shows the schematic representation of the effects of agonist-induced activation of G-protein coupled receptors 

(GPCRS) at the cell membrane. Agonists binding on the receptors result in the stimulation of the G-protein complex (Gαβγ) 

which then dissociate into Gα and Gβγ subunits which require the action of the adenylate cyclase (AC) enzyme. The splitting of 

adenosine triphosphate (ATP) for energy resulting in the formation of Cyclic Adenosine monophosphate (cAMP) which reacts 
with protein kinase A (PKA) enzyme resulting in protein phosphorylation which require energy from ATP breakdown for 

functional activity of cells. 

 

Second Messengers 

Second messengers are molecules that relay 

signals received at receptors on the cell surface, 

such as the arrival of protein hormones and 

growth factors to target molecules in the cytosol 

or nucleus. Second messengers also serve to  

 

greatly amplify the strength of the signal and the 

binding of a ligand to a single receptor at the cell 

surface. As a result they may end up causing 

massive changes in the biochemical and physical 

activities within the cell through the activities of 
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the second messengers which amplify the effect of 

the signal on the effectors [3, 7, 17]. Second 

messengers are intracellular molecules or ions that 

are regulated by extracellular signalling agents 

such as neurotransmitters, hormones and their 

ligands which are called first messengers [17]. 

Second messengers typically operate by activation 

of protein kinases that phosphorylate the target 

proteins, thereby altering the function of these 

proteins [8, 18]. Such functional effects are 

subsequently reversed by protein phosphatase-

mediated dephosphorylation and the second 

messengers modulate a wide range of rapid and 

long-term neuronal processes [5, 18]. Examples of 

second messenger molecules are cAMP, Ca
2+ 

and 

inositol
 
triphosphate (IP3) [16, 19]. 

There are three main types of secondary 

messenger molecules: (1) Hydrophobic molecules 

like diacylglycerol, inositol trisphosphate (IP3) 

and phosphatidylinositols. These are membrane-

associated and diffuse from the plasma membrane 

into the juxtamembrane space where they can 

reach and regulate membrane-associated effector 

proteins [17, 20, 18, 21]. (2) Hydrophilic 

molecules are water-soluble molecules, like 

cAMP, cGMP, and Ca
2+

, that are located within 

the cytosol and (3) gases, nitric oxide (NO) and 

carbon monoxide (CO), that can diffuse through 

cytosol and across cellular membranes [6, 22]. 

Secondary messengers can be synthesized or 

released and broken down again in specific 

reactions by enzymes. Some, like Ca
2+

, can be 

stored in special organelles and quickly released 

when needed and their production, release and 

destruction can be localized, enabling the cell to 

limit space and time of signal activity [19, 30, 31, 

20]. 

Mechanisms of action of secondary messengers
  

Cyclic AMP is synthesized from ATP by the 

action of the enzyme AC and the binding of the 

hormone to its receptor activates a G protein 

which, in turn, activates AC [16, 20, 22]. The 

resulting rise in cAMP turns on the appropriate 

response in the cell by either, changing the 

molecular activities in the cytosol using protein 

kinase A (PKA) or by turning on a new pattern of 

gene transcription (Figure 2). This new pattern of 

gene transcription in cells occurs through the 

activity of cAMP response element-binding 

(CREB) proteins. The transducin family of G 

proteins mediate signal transduction in the visual 

system by regulating specific forms of 

phosphodiesterase (PDE) which catalyse the 

metabolism of cyclic nucleotides [21, 22, 32, 33]. 

Gαt activates PDE via direct binding to the 

enzyme [23, 28, 30, 33, 19]. The ability of 

neurotransmitter receptors to stimulate the 

phosphoinositide second-messenger pathway is 

mediated by the activation of 

phosphatidylinositol-specific phospholipase C (PI-

PLC), which catalyses the hydrolysis of 

phosphatidylinositol bisphosphate (PIP2) to form 

the second messengers inositol triphosphate (IP3) 

and diacylglycerol (DAG) [22, 23, 24, 30, 34].  
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             Fig.2. G-protein receptor activation leading to transcription of some genes.  

                     

Figure2: shows representation of Guanine nucleotide binding protein (G-protein) receptor activation resulting in the 

splitting of G-protein complex (Gαβγ) into Gα and Gβγ subunits leading to the phosphorylation of adenosine 

triphosphate (ATP) to cyclic adenosine monophosphate (cAMP) which pass into the nuclei of the cells as cAMP 

response element-binding proteins (CREB) and function as transcription factors of some genes.  

 

 

Different types of substances act as 

neurotransmitters. Classical neurotransmitters like 

acetylcholine (ACh) and norepinephrine (NE) are 

low molecular weight substances that have no other 

function but to serve as neurotransmitters [9, 25, 27, 

28]. The predominant excitatory neurotransmitter in 

the brain, glutamate and the inhibitory 

neurotransmitter in the spinal cord, glycine are 

common and essential amino acids [26, 29, 30, 33]. 

They function as neurotransmitters because the 

membranes of secretory vesicles in glutamatergic 

and glycinergic nerve terminals have specific 

transport systems that concentrate and store these 

amino acids so that they can be released by 

exocytosis in a highly regulated manner [9, 27, 28]. 

Aminergic neurotransmitters, namely ACh and 



Int J Med Health Sci. April 2012,Vol-1;Issue-2 50 

 

GABA, also enter synaptic vesicles through specific 

transport proteins. Neurotransmitters released from 

the vesicle may diffuse through the synaptic cleft to 

act on their receptors in the postsynaptic neuron 

(Figure-3).

 
                 Fig.3: Mechanism of synaptic transmission between two nerve cell terminals.  

 

                                             

 

 Figure 3: shows mechanism of synaptic transmission between nerve cell terminals in which neurotransmitters (N) are 

stored in vesicles at the presynaptic nerve terminal. The action potential at the presynaptic terminal causes the entry of 

Ca
2+

 ions through voltage-activated calcium channels, leading to the release of neurotransmitters (N) into the synaptic 

cleft which then binds to the receptors (R) with Na
+
 entry into the postsynaptic neurons through sodium channels.

 

Diseases Caused by Defects in the Production 

or Activity of G Proteins 

Mutations in the heterotrimeric guanine 

nucleotide-binding proteins (G proteins) which 

relay signals initiated by photons, drugs, odorants, 

hormones and neurotransmitters cause many 

diseases. Mutations in G proteins can also lead to  

 

 

essential hypertension and this may be one of 

several common disorders caused by defects in 

this family of signaling molecules [34, 35, 37]. 

Mutations that alter G protein activation may 

cause disorders characterized by either insufficient 

or excessive transmission of signals [35, 36]. 
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Decreased transmission of signals, loss of 

function, results from mutations that impair the 

ability of the G protein to become activated by 

hormone receptors. Increased transmission of 

signals, and gain of function result from mutations 

that mimic or augment the activation of receptors 

[34-36].  

Cholera a watery diarrhoea caused by Vibrio 

cholerae is as a result of the secretion of salt and 

water into the intestine, stimulated by increased 

concentrations of cyclic AMP in mucosal cells 

[35, 36]. Similar toxins are responsible for the 

traveller’s diarrhoea caused by certain strains of 

Escherichia coli. The first oncogenic Gα mutants 

were found in the Gαs genes of pituitary tumors 

from patients with acromegaly. The mutant Gαs 

oncogene is found in 40 percent of the 

somatotropic tumors in such patients [37, 38]. The 

protein encoded by G stimulating protein (gsp) is 

oncogenic because it mimics the intracellular 

signal triggered by growth hormone–releasing 

hormone, which normally stimulates a receptor 

that activates Gs and cAMP synthesis [38-40]. 

Gsp stimulates the secretion of growth hormone 

and increases the proliferation of somatotrophs. 

As with most oncogenes, gsp results from somatic 

mutations that occur in the affected tissue. Other 

Activating Mutations in Gα include the McCune–

Albright syndrome which is characterized by 

polyostotic fibrous dysplasia, scattered regions of 

hyper pigmented skin, and autonomous hyper 

function of one or more endocrine glands [30, 35, 

37]. This results in gonadotropin-independent 

precocious puberty, hyperthyroidism, Cushing's 

syndrome, or acromegaly. The affected tissues of 

patients with this syndrome contain gsp mutations. 

All manifestations of this congenital syndrome 

reflect a gsp mutation that occurred early in the 

development of the embryo, in the DNA of a cell 

whose progeny will contribute to the mosaic 

distribution of affected cells later in life [35, 38, 

40]. In the study that used transgenic mice over- 

express normal or mutationally activated Gα 

subunits in specific tissues may prove useful in 

predicting Gα diseases in humans [35-39]. The 

over expression of Gqα in the heart, results in 

severe cardiac hypertrophy and subsequent 

congestive heart failure [34, 39]. Diseases are 

likely to result from mutations in genes encoding 

the regulators of G protein signaling proteins 

(RGS) [35, 37, 40]. Heterotrimeric G proteins 

attached to the cell membrane convey signals 

from G protein-coupled receptors in response to 

stimulation by a number of hormones, 

neurotransmitters, chemokines, and 

pharmacological agents to intracellular signaling 

cascades [41-43].  

 

 

CONCLUSION 

G proteins may exert other cellular functions other 

than acting as signaling transducers. There is 

evidence for their roles in different diseases  

 

 

including infections, inflammation, neurological 

diseases, cardiovascular diseases, cancer, and 

endocrine disorders. Mutations in G proteins are 
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involved in several diseases, ranging from 

Whooping Cough and Cholera to several 

endocrine disorders.  G protein-related diseases 

are characterised by either deficient or excessive 

G protein signal transmission, which arises 

through abnormal signal initiation, defective 

termination, or reduced levels of G proteins.  

Perturbation of G-protein signalling is also central 

to the actions of many drugs, including those used 

to treat asthma, hypertension and depression. 

Deficient G protein signalling can arise through 

either reduced levels of G proteins or through 

decrease signal initiation. Diseases involving a 

decrease in the production of G proteins include 

Night Blindness, where mutations in G t protein 

affect the response of rod cells to light and 

Pseudohypoparathyroidism, where the genetic loss 

of Gs protein  subunits results in non-

responsiveness to parathyroid hormone.  Other 

abnormalities involve decreased signal initiation 

through the inability of G proteins to switch to 

active states.  For example, the symptoms of 

Pertussis result from the action of a bacterial toxin 

which adds ADP-ribose to the receptor-binding C-

terminal tail of G i protein, causing a reduced 

responsiveness of G proteins to receptor 

activation. Excessive G protein signalling can 

arise through either increased signal initiation or 

defective signal termination. Increased signal 

initiation occurs in testotoxicosis, where a 

mutation in the receptor for luteinizing hormone 

can over-stimulate Gs proteins, resulting in the 

excessive production of testosterone in addition 

and several cases of Essential Hypertension arise 

from mutations in G  protein. Diseases arising 

from defective signal termination result from the 

persistent elevated activity of downstream 

effectors, such as in Cholera. Two other diseases 

involve defective termination through mutations 

in G s protein including Adenomas, in which G 

proteins lose their ability to hydrolyse GTP 

through mutation, resulting in the excessive 

secretion of growth hormone and the increased 

proliferation of somatotrophs and McCune-

Albright Syndrome with scattered regions of skin 

hyper-pigmentation due to the hyper-functioning 

of one or more endocrine glands. 
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