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G proteins: binary switches in health
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Abstract

Cell signaling plays critical role in health and disease. The normal functioning of body depends
on the homeostasis of immunity players. One of the very important cell signaling participants is
G protein-coupled receptor (GPCR). GPCRs transduce extracellular signals into target cell by binding
to and activating different G proteins (GoBy, families Gi, Gs, Gq/11, G12/13) leading to range of dif-
ferent functions. Abnormal GPCRs signaling leads to various abnormalities, including but not limited
to, cancer, pain, cardiac problems, and asthma. Mutations, which lead to activation or inactivation
of GPCR pathways, permanently alter the pathways controlled by these receptors. A large number of
human cancer incidence is a consequence of genetic abnormalities in signaling pathways, which influ-
ence cell division. Some bacteria and pathogens may interfere with the GPCR signaling pathways for
their survival and immune evasion. Inhibition of GPCR signaling by small inhibitors is a novel way to
treat various pathological conditions. There are several types of GPCRs in human genome, which due
to their central role in health and disease, are the target of many commercially available drugs. Impor-
tantly, GPCRs have huge impact on drug discovery and approximately 30% of current drug targets are
GPCRs. There is a need of further studies to explore more the role of G protein and the GPCRs in
human health and how certain mutations can lead to disease state. Such studies may be important to

adjust the signaling pathways for health improvement.
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Introduction

Cell signaling plays a vital role in growth and devel-
opment. There are various cells signaling mechanisms,
but one of the particularly important ones is the G pro-
tein-coupled receptor (GPCR), mostly found in eukary-
otes. These receptors linked with the membrane of guano-
sine nucleotide are also known as “seven-transmembrane
domain receptors” [1], seven transmembrane (TM) a he-
lical domains presenting unique property. In these a heli-
ces, amino terminal is extracellular, and carboxyl terminal
is intracellular. Such o helices relate to three extracellular
and intracellular loops. Extracellular loops contain con-
served cysteine residues, which stabilize the structure of
receptor through disulfide bridge [2]. Intracellular loop
contains Ser or Tyr residues, and plays a role in phosphor-
ylation and receptor desensitization. In human genome,
880 GPCRs are encoded for the detection of hormones,
growth factors, and other endogenous ligands. Many of
these receptors behave like olfactory and gustatory re-
ceptors. They can recognize chemical and extracellular
signals. Moreover, they store messages in the form of pep-
tides, sugars, proteins, lipids, and light energy, and convey
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the information to the other cells. They are highly specific
in their functions [3, 4].

When a cell receives an external signal by binding with
GPCR, conformational changes occur in GPCR. They can
bind to guanosine triphosphate (GTP) and guanosine di-
phosphate (GDP). GPCR contain three different subunits
known as heterotrimeric (i.e., o, 3, and y subunit) protein.
By lipid anchoring of a and y attached to the cell mem-
brane, o subunit can connect with active (GTP) or inactive
(GDP). When no signal is present, GDP will bind to the
o subunit and a conformational change will occur in
GPCR. Activation of G protein results in the replacement
of GDP by GTP and the protein separates into two parts as
o subunit and B-y dimer [5].

Role in health and disease

Many GPCRs for chemokines, hormones, neurotrans-
mitters, neuropeptides, and autocrine and paracrine signal-
ing molecules, interact with G proteins to perform their
functions in target cells [6]. GPCRs transmit extracellular
signals into target cell by binding to and activating differ-
ent G proteins (Gapy, families Gi, Gs, Gq/11, G12/13)
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[7]. G proteins are categorized into 04 families according
to their o subunits. These families are classified as Gi, Gs,
G12/13, and Gq. Among these, Gs and Gi families regulate
adenylyl cyclase activity, while Gq activates phospholi-
pase CB, and G12/13 can activate small GTPase families
[8]. The Gq family further can be divided into four mem-
bers, such as Gq, G11, G14, and G15/16 [9, 10], and their
respective o subunits [11]. Every protein in G protein sig-
naling is subjected to regulation that may alter the expres-
sion, localization, or activity.

Chemokine and hormone receptors on lymphocytes
have been shown to function as Gq protein-coupled
GPCRs. These GqPCRs are regulated by different ligands
in the immune system [12, 15]. Abnormal regulation of
these receptors leads to autoimmunity and a variety of au-
toimmune diseases induced by autoreactive lymphocytes.
Furthermore, these abnormalities may lead to morbidity
and mortality in individuals with autoimmune disorders
[16-19]. Airway smooth muscle either contracts or relax-
es to regulate airway patency and thus airflow. Different
G proteins and their upstream receptors either promote or
antagonize airway smooth muscle contraction. Therefore,
he signaling proteins play important roles in asthma and
other related morbidities [20]. GPCRs are also involved
in cardiovascular functioning, such as contractility, and
chronic processes, including hypertrophy, which contrib-
ute to the development of cardiovascular diseases, such as
heart failure [21, 22].

As G proteins are crucial in many cell processes and
cell signaling, minor defects in G proteins can cause a dis-
ease. Approximately 25% of cancer types found in hu-
mans are due to mutations in the protein (Ras protein).
This protein is known as the residue found in the GTP
binding site that can retard the activity of GTPase enzyme.
In abnormal conditions, once Ras is activated, it remains
active for a long time and can constantly send signals for
cell division [23].

Another type of mutation in the structure of G pro-
teins that permanently change is the activity of G, proteins
(permanently active or inactive). Activating of mutation
in those residues controls the GTPase activity and ele-
vate the cAMP, causing undesirable proliferation of cells.
Approximately 40% of pituitary tumors include this type
of mutation. Inactive mutation is found in a gene, which
transduces the o subunit and causes the night blindness,
because this o unit is involved in visual signaling [24]. If
there is a variation found in a gene that encodes 3 subunit
of G proteins, it can cause hypertension, obesity, and ath-
erosclerosis [25].

The bacteria responsible for cholera and whooping
cough targets specific G proteins by excreting some tox-
ins and impede the normal signaling pathway. The cholera
toxin is a heterodimeric protein found in the intestine of
infected person. The 3 subunit is present on the surface
of intestinal epithelial cells and provide a pathway for the
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entrance of o subunit into the cell, where it is divided into
two pieces, such as a1 and a2 subunit. The a1 subunit
attaches with ARF6 (ADP-ribosylation factor) and con-
verts into active form. This activation catalyzes the con-
version of ADP-ribose from NAD* to arginine residue. The
ADP-ribosylation is involved in the blockage of GTPase
activity. Consequently, continuous activation of adenyl
cyclase occurs, which increases the amount of cAMP and
triggers the activation of PKA. Exchange of ions occurs
in the cell, due to which, massive loss of water causes 0s-
motic imbalance and severe dehydration. In the absence of
rehydration therapy, such condition can be fatal [26, 27].

The toxin of whooping cough bacteria catalyzes the
ADP-ribosylation and blocks the GDP-GTP exchange.
This bacterium causes the infection of respiratory tract and
destroys the epithelial cells. Cilia of epithelial cells is used
in the removal of mucus, but after the destruction of these
cells, rapid coughing occurs to get rid of mucus. However,
the complete mechanism is not yet clear [28, 29].

As discussed above, activation/inhibition of GPCRs and
heterotrimeric G proteins play a crucial role in the patho-
genesis of various diseases. Inhibition of GPCR signaling
by small inhibitors is a novel way to treat various patholog-
ical conditions. In fact, GPCRs have extremely high impact
on drug discovery and approximately 30% of current drug
targets are GPCRs [30-40]. Multiple different GPCRs are
involved in various pathologies, such as cancer and pain;
therefore, novel therapeutic strategies are there to focus
on the pan-inhibition of GPCR signaling by small mole-
cules in such pathologies [32]. Small molecules interacting
with Gy subunits [33] or heterotrimeric G protein signal-
ing [34, 35] have shown particularly good anti-tumor and
pain relief activities in animal models and could be used
as an effective therapeutic option in future for cancer and
pain. In heart patients, many current drug therapies target
GPCRs to prevent hypertrophic signaling and improve
clinical outcomes [36]. The small drugs compounds in-
clude B-adrenergic receptor blockers and angiotensin
II receptor blockers [37]. Recently, it has been demonstrated
that some GPCR ligands have a dual capacity to block hyper-
trophic signaling pathways and promote cardiac contractility
or survival [38-40], a property that could improve overall
cardiac function relative to conventional GPCR blockers.

Conclusions

G proteins and GPCRs play a crucial role in cell sig-
naling, which can recognize the chemical and extracellular
signals. GPCRs have a unique structure of seven-trans-
membrane receptors. Many types of GPCRs are found in
human genome, and a slight change in the signaling of
G proteins (mutation) can cause various diseases in a hu-
man body. Due to their central role in many human pa-
thologies, GPCRs are the treatment target for several hu-
man diseases. A clear understanding of GPCR-mediated
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signaling in a disease state would be of help in designing
therapeutic options (such as small signaling blockers).
Therefore, there is a need to explore in detail the role of
GPCRs signaling in human health and diseases.
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