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ABSTRACT: The super family of G-protein-coupled eptors (GPCRs) is the main target for the actiomested by hormones,
drugs and neurotransmitters. Each GPCR shows prefar coupling to some members of the G-protemilfasuch as Gs, Gi
and Gq which in turn activates the defined secordsenger pathways. The G protein-coupled recef@®€ERs) represent 50—
60% of the current drug targets and this familyr@mbrane proteins plays a crucial role in drugaliscy, health and disease
conditions. The G-protein-mediated signalling systbas been used to study transmembrane signalliachanisms in
eukaryotic organisms resulting in different celhudativities and effects such as cellular growttoliferation and differentiation.
The G-protein-mediated signalling systems are mguef three main components, the receptors, therdteimeric G-proteins
and the effectors in addition to various protetmat tmodulate the G-protein-mediated signalling pssdike the regulators of G-
protein signalling (RGS) proteins. Mammalian ceallgoress many GPCRs and several types of heteroitiiBeproteins and
their effectors. A number of drugs based on GPC&stbeen developed for such different indicatiosscardiovascular,
metabolic, neurodegenerative, psychiatric, and logoo diseases. Most neurotransmitters of the aén&rvous system (CNS)
act on GPCRs to mediate different cellular respsrisenormal and disease states. The activatiorecéptors that interact
through Gi e.g. cannabinoid receptor types conwyanal protection against hypoxic insult and resulexcitotoxic death.
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Introduction

Receptors are proteins found on the cell mramdy cytoplasm or nuclear membrane which bind iipec
molecules such as neurotransmitters, hormonesher éigands and as such initiate the cellular raspdo these
substances.1, 2. Ligand-induced changes in thevimheof receptor proteins result in physiologichlanges that
constitute the biological actions of the ligandkefie are a variety of different types of ligandgll Rgonists are able
to activate the receptors and produce a maximéabdpical response and, as such, most naturally cioguligands
are full agonists. Partial agonists are not ablentximally activate receptors resulting in a parbmlogical
response while antagonists bind to the receptordbunot activate it and thus result in receptoikition of the
binding of agonists. Inverse agonists are ligandElproduce an effect opposite to that of an agjpget act at the
same receptor. They promote or stabilize an inadtvm of the receptor.2, 3.
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Receptors are activated by the binding efgpecific agonist to them, which in turn leadsh® activation of
the second messenger. The activation of the sem@sdenger cascade and the final biological resperaghieved
only when a significant number of receptors arévatgd by bound ligands. Receptors are classifiggedding on
the ligand, their function and position. 1. Someegor proteins are peripheral membrane proteiniewhany
hormone receptors and neurotransmitter recept@dransmembrane proteins. The transmembrane resegte
embedded in the lipid bilayer of cell membranes aifldw the activation of signal transduction patlyg/an
response to their activation by the binding moleau ligand.2, 3. Metabotropic receptors are calipdeG proteins
and affect cells indirectly through enzymes whiohtcol ion channels, while ionotropic receptorsteima central
pore which functions as a ligand-gated ion chaap@l. Another major class of receptors are inttatzgl proteins,
such as steroid hormone receptors. These receagorsften enter the cell nucleus and modulate g&peession in
response to the activation by the ligand.4, 5. Tagulatory protein subunits of many ion channelsl an
transmembrane receptors may be defined as periphemabrane proteins.2, 4, 5.

The transmembrane receptors are integral mamslproteins, which reside and operate in thendawembrane
of the cell and also in the membranes of some dlubme compartments and organelles.4, 6. The bigpdih
signalling molecule on one side of the membrarteatoasmembrane receptors initiate a response oothiee side. In
this way they play a unigue role in cellular commeations and signal transduction.3, 5. Many tramabrane
receptors are composed of two or more protein steowmich operate collectively and may dissociateew ligands
bind or fall off. The transmembrane receptors haoth extracellular domain and intracellular domairich means
that within the intracellular domain enzymes anenid that bring about the phosphorylation of the@tfirs.5, 7.

There are several ways that cells reguleeattivity of a transmembrane receptor. The muogbitant way is
through phosphorylation and internalization.6, &afEples of transmembrane receptors are adrenezgéptors,
olfactory receptors, receptor tyrosine kinasesjepnal growth factor receptors, insulin receptéibspblast growth
factor receptors, neurotrophin receptors, nervewtfrofactor (NGF) receptors and N-methyl-D-asparicid
(NMDA) receptors.3, 9. Neurotransmitter receptoam e classified into two broad categories basedheir
structural and functional characteristics, nameétabotropic and ionotropic receptors. The metalpatreeceptors
do not form an ion channel pore rather they ar@eaatly linked with ion-channels on the plasma meanle of the
cell through signal transduction mechanisms.3, 6.

This class of receptor includes the metabatrglutamate receptors, muscarinic acetylcholireepgors;y-amino
butyric acid (GABA) receptors, and most serotor@neptors, as well as receptors for norepinephdpimephrine,
histamine, dopamine, endorphin, enkephalin and eéhdocannabinoids.3, 9. All metabotropic receptors a
monomeric proteins with seven transmembrane domé&liffsle ionotropic channels have an effect onlythe
immediate region of the receptor, the effects ofaietropic receptors can be more widespread thrtugleell.3.
Although individual receptor signalling mechanisane most frequently studied in isolation, theiiatt in vivo is
likely to be highly regulated by other signal-trdustion events. Receptors which primarily activate pathway
may activate a second pathway. An example is tiigyatsf GPCRs such as2-adrenergic receptors or muscarinic
acetylcholine receptors (mMAChRs), to activate thiéogen activated protein kinase (MAPK) cascade. The
stimulation of GPCRs results in the activation afeftylyl cyclase (AC) which results in the relea&qroteinpy
subunits. The present paper reviews the roles pfdgin coupled receptors in health and diseasditons.

G protein coupled receptors

The GPCRs are also known as seven transma@m§v TM) receptors and they belong to a superlyaohiG
protein receptors. Some of the examples are muscatcetylcholine receptors, adenosine receptahenargic
receptors, y-amino butyric acid (GABA), cannabinoid receptordopamine receptors, glucagon receptors,
metabotropic glutamate receptors, opioid receptoaisium-sensing receptors and olfactory receptdesice the
majority of life processes occurs through the atton of the GPCRs. Cells can regulate their rexspby either
down regulating or up regulating the number of ptoes to a given hormone, neurotransmitter or dnugrder to
alter their sensitivity to that molecule. This @&led local feedback mechanism.3, 8, 9.

Several G protein-coupled receptors are dapatactivating the MAPK pathway.9, 10]. Research has shown
that MAPK was found to induce mitogenesis in cuwturfibroblasts after stimulation of GPCRs by ndtura
occurring phospholipids.12. MAPKs are localisedbioth the cytoplasm and nucleus and are suspectdx to
involved in the phosphorylation of nuclear trangtion factors which regulate gene transcription 18, Activation
of protein kinase C (PKC) and phospholipase C (et4p) has also been linked to MAPK activation.13. Thas,
proteins are linked to pathways that influence aoly membrane conductance but also cell proliferatand
growth, implicating a possible role of G proteinglisease pathology.10, 3, 14.
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The receptors for neurotransmitters can lssified into two categories: metabotropic receptatso called
GPCRs, and ionotropic receptors. GPCRs are invalvegignal transduction. The binding of neurotraitars on
GPCRs may trigger series of signalling processeishwimay result is cellular-induced activities. Tiomotropic
receptors form ion channels which may be activatgah binding of specific neurotransmitters. Ondévated, the
influx of cations, such as Namay cause the postsynaptic membrane to depala8zéf the depolarization reaches
the threshold, an action potential can be generatedhe postsynaptic neuron. The ion channel forrogd
neurotransmitter receptors is called the synapiiannel and each synaptic channel consists of faeeptor
subunits.8, 14.

All metabotropic receptors are monomeric @rat with seven transmembrane domains. The N tesroh the
protein is on the extracellular side of the membramd its C terminus is on the intracellular sidelQ.
Metabotropic receptors have neurotransmittersgastls, which, when bound to the receptors, initatascade of
events that can lead to channel-opening or otHeraeeffects.3, 6. When a ligand or primary mesges, binds to
the receptor, or the transducer, it activates mamy effector, which can go on to activate secondagssengers.
Since the opening of channels by metabotropic tecgjinvolves activating a number of moleculesiimf channels
associated with these receptors take longer to dipam ionotropic receptors do, and are thus noolied in
mechanisms that require quick responses.8, 9, 4.1Mgtabotropic receptors also remain open fronoisgs to
minutes and have a much longer-lasting effect tbaatropic receptors, which open quickly but ordymain open
for a few milliseconds.7, 8, 9. While ionotropicacimels have an effect only in the immediate regiaite receptor,
the effects of metabotropic receptors can be madespread through the cell.3, 9.

Metabotropic receptors can open and closarada and can make a membrane more excitable lsingld&”
channels. They can retain positive charge withinaéll and thus reduce the amount of current nacg$s cause an
action potential.8, 10. The metabotropic recepborshe presynaptic membrane can inhibit or, morglyafacilitate
neurotransmitter release from the presynaptic meli®y 15, 16. These receptors can be further &kedsinto
receptor tyrosine kinases and G-protein-coupledpters, known as GPCRs.8, 9, 11, 14, 16.

Second M essengers

Second messengers are molecules that rgaglsireceived at receptors on the cell surfacgh a8 the arrival
of protein hormones and growth factors to targekegides in the cytosol or nucleus. Second messsraigo serve
to greatly amplify the strength of the signal ahd binding of a ligand to a single receptor atdbk surface. As a
result they may end up causing massive changdseitibchemical and physical activities within tredl ¢hrough
the activities of the second messengers which dynple effect of the signal on the effectors.3,17, Second
messengers are intracellular molecules or ions #maet regulated by extracellular signalling agentshsas
neurotransmitters, hormones and their ligands whighcalled first messengers.17. Second messetygacally
operate by activation of protein kinases that phosgate target proteins, thereby altering the fiomcof these
proteins.8, 18. Such functional effects are subsety reversed by protein phosphatase-mediated
dephosphorylation and the second messengers medulaide range of rapid and long-term neuronal gsses.5,
18. Examples of second messenger molecules are ¢c&iPand inositotriphosphate (1).16, 19.

There are three main types of secondary mgssenolecules: (1) Hydrophobic molecules like gligiycerol,
inositol trisphosphate (WP and phosphatidylinositols. These are membranected and diffuse from the plasma
membrane into the juxtamembrane space where thayreach and regulate membrane-associated effector
proteins.17, 20, 18, 21. (2) Hydrophilic molecutes water-soluble molecules, like CAMP, cGMP, arad* Gthat
are located within the cytosol and (3) gases,mdxide (NO) and carbon monoxide (CO), that cafudd through
cytosol and across cellular membranes.6, 22. Secpndessengers can be synthesized or releasedrakenb
down again in specific reactions by enzymes. Sdike, C&*, can be stored in special organelles and quickly
released when needed and their production, reradeestruction can be localized, enabling thetodlmit space
and time of signal activity.19, 30, 31, 20.
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Fig.1. Schematic representation of the effectggyohst-induced activation of receptors at the cembrane.
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Fig.2. Representation of receptor activation r@sglin the splitting of G protein complex intou@Gnd @y leading
to the phosphorylation of ATP to cAMP which pastithe nuclei as cAMP response element-bindingemmet
(CREB) and function as transcription factors of sogenes.

M echanisms of action of secondary messengers

Cyclic AMP is synthesized from ATP by thdian of the enzyme AC and the binding of the hormam its
receptor activates a G protein which, in turn,\ets AC.16, 20, 22. The resulting rise in cAMPntuon the
appropriate response in the cell by either, chandfire molecular activities in the cytosol usingtpio kinase A
(PKA) or by turning on a new pattern of gene traipgion (Figure 2). This new pattern of gene traipon in cells
occurs through the activity of cAMP response eletapémding (CREB) proteins. The transducin family Gf
proteins mediate signal transduction in the visyatem by regulating specific forms of phosphodieste (PDE)
which catalyse the metabolism of cyclic nucleotidés 22 32,33. @& activates PDE via direct binding to the
enzyme.23, 28, 30, 33, 19. The ability of neurciraitter receptors to stimulate the phosphoinositdeond-
messenger pathway is mediated by the activatiggho§phatidylinositol-specific phospholipase C (REP, which
catalyses the hydrolysis of phosphatidylinositospbiosphate (PHP to form the second messengers inositol
triphosphate (15 and diacylglycerol (DAG).22, 23, 24, 30, 34.

Different types of substances act as neursimétters. Classical neurotransmitters like acégfioe (ACh) and
norepinephrine (NE) are low molecular weight substs that have no other function but to serve as
neurotransmitters.9, 25, 27, 28. The predominamitaery neurotransmitter in the brain, glutamatel ghe
inhibitory neurotransmitter in the spinal cord, @he are common and essential amino acids.26, 2933 They
function as neurotransmitters because the membi@ingscretory vesicles in glutamatergic and glyajiee nerve
terminals have specific transport systems that eotnate and store these amino acids so that thepeaeleased by
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exocytosis in a highly regulated manner.9, 27 ,A8inergic neurotransmitters, namely ACh and GABKpaenter
synaptic vesicles through specific transport prigteiNeurotransmitters released from the vesicle diffyse
through the synaptic cleft to act on their receptorthe postsynaptic neuron (Figure 3).

Presynaptic
neuron

Synaptic
Cleft

Postsynaptic
neuron

Fig.3. Mechanism of synaptic transmission. Neurotranemst{N) are stored in vesicles at the presynapiven
terminal. The action potential at the presynapgitninal causes the entry of aons through voltage-activated
calcium channels, leading to the release of neamstnitters (N) into the synaptic cleft which theands to the
receptors (R) with Naentry into the postsynaptic neurons through sodibemnels.
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Diseases Caused by Defectsin the Production or Activity of G Proteins

Mutations in the heterotrimeric guanine notite-binding proteins (G proteins) which relayrgfg initiated by
photons, drugs, odorants, hormones and neurotréesemcause many diseases. Mutations in G protzinsalso
lead to essential hypertension and this may beofseveral common disorders caused by defectsisrfamily of
signaling molecules.34, 35, 37. Mutations thatraBeprotein activation may cause disorders chariae@ by either
insufficient or excessive transmission of signdls36. Decreased transmission of signals, lossidtion, results
from mutations that impair the ability of the G mim to become activated by hormone receptors.ebsad
transmission of signals, and gain of functions lteflom mutations that mimic or augment the actwatof
receptors.34, 35, 36.

Cholera a watery diarrhoea causedvliyio cholerae is as a result of the secretion of salt and wiater the
intestine, stimulated by increased concentratiohsyalic AMP in mucosal cells.35, 36. Similar tosirare
responsible for the traveller's diarrhoea causedcéstain strains oEscherichia coli. The first oncogenic &
mutants were found in th8os genes of pituitary tumors from patients with acegaly. The mutant & oncogene is
found in 40 percent of the somatotropic tumors lishspatients.37, 38. The protein encoded by G $itimg
protein (gsp) is oncogenic because it mimics the intracellulgna triggered by growth hormone-releasing
hormone, which normally stimulates a receptor Hudiivates Gand cAMP synthesis.38, 39, 4Bsp stimulates the
secretion of growth hormone and increases thefpration of somatotrophs. As with most oncogemgsp,results
from somatic mutations that occur in the affectesiue.

Other Activating mutations ind3nclude the McCune-Albright syndrome which is @werized by polyostotic
fibrous dysplasia, scattered regions of hyper piger: skin, and autonomous hyper function of onemare
endocrine glands.30, 35, 37. This results in gotrapm-independent precocious puberty, hyperthysoigl
Cushing's syndrome, or acromegaly. The affectetidis of patients with this syndrome contgsp mutations. All
manifestations of this congenital syndrome reflegsp mutation that occurred early in the developmenthef
embryo, in the DNA of a cell whose progeny will tdioute to the mosaic distribution of affected sdthter in
life.35, 38, 40. In the study that used transgemiice over- express normal or mutationally activaBedsubunits in
specific tissues may prove useful in predicting @seases in humans.35, 36, 37, 38, 39. The oymession of
Gqu in the heart, results in severe cardiac hypertyaptd subsequent congestive heart failure.34, 8&éd3es are
likely to result from mutations in genes encodihg tegulators of G protein signaling proteins (RG%) 37, 40.
Heterotrimeric G proteins attached to the cell memb convey signals from G protein-coupled recepiar
response to stimulation by a number of hormonesratensmitters, chemokines, and pharmacologicahtsgto
intracellular signaling cascades.41, 42, 43.

Conclusion

G proteins may exert other cellular functiatker than acting as signaling transducers. Treevidence for
their roles in different diseases including infeaos, inflammation, neurological diseases, cardiovias diseases,
cancer, and endocrine disorders. Mutations in Geprs are involved in several diseases, ranging fvéhooping
Cough and Cholera to several endocrine disord@rprotein-related diseases are characterised hgraieficient or
excessive G protein signal transmission, whichearihirough abnormal signal initiation, defectivert@ation, or
reduced levels of G proteins. Perturbation of Gin signalling is also central to the actionsnudny drugs,
including those used to treat asthma, hyperteranohdepression.

Deficient G protein signalling can ariseadtigh either reduced levels of G proteins or throdgbrease signal
initiation. Diseases involving a decrease in tredpction of G proteins include Night Blindness, whmutations in
Gat protein affect the response of rod cells to lightl Pseudohypoparathyroidism, where the genetic 6 Gs
proteina subunits results in non-responsiveness to pamithyrormone. Other abnormalities involve decreased
signal initiation through the inability of G prota to switch to active states. For example, theptgms of
Pertussis result from the action of a bacteriaintexhich adds ADP-ribose to the receptor-bindinge@ninal tail of
Gai protein, causing a reduced responsiveness ob€eips to receptor activation.

Excessive G protein signalling can ariseuhfoeither increased signal initiation or defecsignal termination.
Increased signal initiation occurs in testotoxispsivhere a mutation in the receptor for luteinizhmymone can
over-stimulate Gs proteins, resulting in the exeesproduction of testosterone in addition and salveases of
Essential Hypertension arise from mutations fhgeotein. Diseases arising from defective signahteation result
from the persistent elevated activity of downstreeffectors, such as in Cholera. Two other diseaseslve
defective termination through mutations imgprotein including Adenomas, in which G proteiosd their ability
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to hydrolyse GTP through mutation, resulting in #iveessive secretion of growth hormone and theeasad
proliferation of somatotrophs and McCune-Albrightn8rome with scattered regions of skin hyper-pigtagon
due to the hyper-functioning of one or more endaeglands.
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