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Abstract: lon channels play crucial roles in cardiac function, regulating the
flow of ions across cell membranes in response to various stimuli. These
proteins exhibit selective permeability to specific ions such as Na*, K*, Ca** and
CI~ and their gating mechanisms can be voltage-dependent, ligand-dependent,
or mechano-sensitive. Sodium channels, for example, are essential for cardiac
action potentials and are implicated in various heart pathologies. Mutations in
these channels can lead to situations like long QT syndrome and Brugada
syndrome. Calcium channels are vital for excitation-contraction coupling, and
L-type channels are predominant in cardiac myocytes. They regulate calcium
influx, which is crucial for myocardial contraction. T-type channels, although
less prevalent in hearts, contribute to pacemaker activity and may influence
heart rhythm. Potassium channels, including voltage-gated and inward rectifier
channels, are crucial for maintaining the resting membrane potential and
regulating action potential duration. Dysfunction of potassium channels are
associated with arrhythmias and cardiac pathologies like long QT syndrome.
Additionally, the Na*-K* pump maintains cellular ion gradients essential for
various physiological processes. Understanding the structure and function of
these ion channels provides insights into cardiac physiology and
pathophysiology, guiding the development of targeted therapies for heart
disorders.

Keywords: Voltage gated ion channels, Na* channel, K* channel, Ca?* channel,
Na+/K+ pump.
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INTRODUCTION

lon channels are proteins that, depending on

most significant ions that pass through the cell
membrane are Na*, K*, Ca*™, and CI". These ions do so

the stimulus, alter their structure to permit or prohibit
the passage of particular ions through a membrane. It is
claimed that they have selective permeability. Both
internal and external stimuli can act to open or close
channels. Examples of external stimuli include when a
particular molecule binds to a receptor on a channel or
when a sensor detects a change in the membrane
potential surrounding the channel. lon channels are
essential for contractility and rhythmicity in the heart,
among other aspects of cardiac function. As such, drugs
targeting heart pathological conditions like angina or
atrial fibrillation include ion channels as one of their
primary targets. lon channels can be selective for
particular ions, such as Na*, K*, Ca** and CI- specific
channels. They can also be specific to a certain charge
of ions, either positively or negatively. The pore formed
by an ion channel is aqueous, which allows the ion to
travel across the membrane rapidly (Purves 2001). The

through specialized ion channels that have the ability to
open and close; these channels are referred to as gated
channels because they can open and close in response to
the following: 1. voltage changes in the channels; 2.
Ligand activation to the receptors; 3. Specific ions and
chemical ligands. Multiple channels may exist in
cardiac cells for a single ion. For instance, a variety of
potassium channel types are involved in both action
potentials and resting membrane potentials. lon
channels open and close to change certain ion
conductance, which in turn controls resting potentials
and produces action potentials. For instance, sodium
channels momentarily open and potassium channels
close in a cardiomyocyte in response to an action
potential, resulting in depolarization. To maintain a
depolarized condition, the sodium channels close and
the calcium channels open within a few milliseconds.
Membrane repolarization results from the calcium
channels becoming inactive and the potassium channels
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becoming open again. This review describes the
generation of the normal cardiac ion channel

mechanisms. (Table 1)

Tablel: Summary of important ion channels in cardiac and vascular smooth muscle cells and its features

CHANNEL FEATURES
Major Class
Sodium Channels Fast Na* Channels In Phase 0, Non Pacemaker Current cardiac systole

Slow Na* Channels

Pacemaker current (I¢) in cardiac nodal tissue

Potassium Channels | Inward rectifier (li)

In Phase 3, Cardiac Diastole, Negative Potential

Transient outward (lx)

In Phase 1, Non Pacemaker cardiac potential

Delayed rectifiers (Ixrand Ixs)

In Phase 3, repolarization of cardiac action potentials

ATP-sensitive (I, atp)

ATP inhibits Katp Channel; therefore, in vascular cells,
adenosine eliminates the ATP inhibition and opens
these channels, producing vascular smooth muscle
relaxation and vasodilation.

Acetylcholine activated (Ix, ach)

Gi-protein activates by Acetylcholine

Calcium Activated (lk, caor BKca) | Ca™* influx in vascular smooth muscle

Calcium Channels L-type (Ica-L)

Phase 2 non-pacemaker contraction cause vascular
smooth muscle contraction

T-type (|Ca' T)

In early phase 4 pacemaker currents in SA and AV
nodal cells

General Properties of lon Channels

lon permeation and gating are the two basic
characteristics of ion channels. lon permeation is the
term used to describe the flow via an open channel. The
basis for classifying ion channels, such as Na* K*, and
Ca?* channels, there is selective permeability to
particular ions. The second major property of ion
channels is their gating mechanism, which allows them
to open and close. lon channels can be further classified
based on the gating mechanism such as voltage-
dependent, ligand-dependent, and mechano-sensitive.

Voltage-gated ion channels respond to changes in
membrane potential by changing their conductance. The
most common gating mechanism found in ion channels
is voltage-dependent gating. Depolarization causes the
majority of ion channels to open. When the membrane
becomes hyperpolarized, the pacemaker current channel
opens. Each channel has a different voltage dependency
for activation or opening (Hille 1984).

Sodium Channels

Na* v - Ma*

MHE

Depolarization

Cytoarchitecture

|—'____9 assembly

NCH /

Vesicular release

H+*

|

ECM Breakdown

MNa+

Fig 1: Schematic depictions of the Na+ channel /Calcium channel mechanism
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The most basic kind of voltage-gated ion
channels are sodium channels (Hodgkin et al., 1952).
The voltage-gated sodium channel family includes the
human cardiac sodium channel, hNaV1.5. A primary a
and several secondary B-subunits make up the channel.
The a-subunit of hNaV1.5 is adequate to produce
sodium current with characteristics similar to the
current in native cells when tested in a mammalian
expression system. The B1-subunit modifies the gating
of the neuronal sodium channel and raises the
expression level. It is unknown, if the B1 subunit has a
similar function in the cardiac sodium channel. The
sodium channel is made up of four homologous
domains, DI through DIV, which are organized in a
four-fold circular symmetry to produce the channel
(Noda et al, 1984) (Grant 2009). The segments
membrane that bridge the membrane are connected by
intra- and extracellular loops that alternate. The pores
are formed when the loops known as the 'P' loops,
which are located between each domain S5 and S6,
curve back into the membrane. Being the
transmembrane voltage sensor, each S4 segment
contains a positively charged amino acid at every third
or fourth position. At high resolution, tiny currents are
recordable as a result of these charges moving across
the membrane during channel gating. Channel gating
has been proposed to be dependent on the transmission
of the voltage sensor transition to S-5.

More than 99% of depolarizations involve a
single, extremely short opening of a sodium channel
(Patlak et al., 1985) (Grant et al., 1987). On occasion,
the channel displays alternate gating modes that include
bursts of openings, in which the channel repeatedly
opens for hundreds of milliseconds, and isolated,
transient openings that follow varying, protracted
latencies. The sporadic recovery from the inactivated
state is what causes the isolated, temporary openings.
The bursts of openings are the result of occasional
failure of inactivation (Patlak et al., 1985) (Yul et al.,
1994). Sodium channel mutations that favor these slow
gating modes are the basis of a subgroup of the long QT
syndromes (Bennett et al., 1995). The process of
sodium channel inactivation is complex and can take
place in milliseconds, seconds, or tens of seconds,
depending on how long the preceding depolarization
lasted (Richmond et al., 1998). The process is quick in
response to depolarization that lasts for tens of
milliseconds. The region's primary amino acid sequence
exhibits high conservation across species and sodium
channel subtypes. NMR spectroscopy has resolved the
region's tertiary structure (Rohl et al., 1999). The
putative form of this region is that of a tilting disc that
folds into the membrane to occlude the pore. The amino
acid triplet isoleucine, phenylalanine, and methionine is
essential for sodium channel inactivation; the mutation
IFM—QQQ abolishes inactivation (West et al., 1992).
The triplet's binding receptor site remains unidentified.
The carboxyl terminus is also important for sodium
channel inactivation. The consensus sites for

phosphorylation of the cardiac sodium channel by Ca-
calmodulin kinase, protein kinase A (PKA) are present.
There is disagreement over the impact of PKA on the
INa; some studies report an increase in current, while
others report a decrease in current (Ono et al., 1989)
(Kirstein et al., 1996) (Frohnwieser et al., 1997). A
decrease in INa is the outcome of PKC phosphorylating
the channel. Glycerol-3-phosphate  dehydrogenase
kinase has been shown to modulate the Na+ channel;
this was reported recently upon the discovery of an
enzyme mutation in a kindred with Brugada syndrome.
Enzyme action was linked to a drop in INa, as
demonstrated by in vitro expression. The long QT
syndrome is caused by errors in inactivation ions that
amplify the late component of sodium current.
Mutations in the cardiac sodium channel gene SCN5A
have been linked to dilated cardiomyopathy, Brugada
syndrome, Long QT syndrome (LQTS), and primary
cardiac conduction system illness (PCCP). Compared to
the peak current, the late component of the current is
more susceptible to blocking by class 1 antiarrhythmic
medications. Mexiletine and flecainide cause the QT
interval to return to normal by lowering the late
component of sodium current (Grant 2009) (Wang et
al., 1997). Patients with LQT3 have benefited from its
use, especially those who are young and may present
technical challenges for ICD placement. Twenty
percent of patients with Brugada syndrome have been
shown to have mutations in the sodium channel
(Antzelevitch et al., 2006). The production of
nonfunctional proteins, the protein's inability to bind to
the cell membrane, or the channel's quicker inactivation
are the reasons why mutations lower the Na* current.
The patients who have Brugada syndrome due to Na*
channel mutations exhibit a subset that exhibits
prolongation of the H-V interval during ECG testing.
The syndrome's T wave inversion and ST segment
elevation have a contentious cause. The Na+ channel
variation is seen as a conduction deficiency by others,
while the syndrome is primarily understood by one
group to be a repolarization anomaly (Hong et al.,
2005) (Zhang et al., 2007). The delayed activation of
the epicardium is caused by slow conduction from the
endocardium to the epicardium. The ST-T wave
changes because the transmural repolarization sequence
is reversed. Reductions in the Na* current are also
linked to mutations linked to primary cardiac
conduction disease (Schott et al., 1999). Sinus node
dysfunction, atrial standstill, AV block, and fascicular
block are among the clinical syndromes. The same
kindred or individual may experience overlap
syndromes of LQT3, Brugada syndrome, and PCCD
(Grant et al., 2002). There is uncertainty regarding the
mechanisms by which dilated cardiomyopathy is
brought about by Na+ abnormalities (McNair et
al., 2004). Asynchronous contraction and protracted
conduction delay might be involved.
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Calcium Channel

The four chambers of a mammalian heart each
contain two atria and ventricles. The action potential
produced at the right atrium's sino-atrial node controls
how much blood is pushed through (Fukuta et al.,
2008). Electrical activity in the heart is produced by the
accumulation of currents flowing through the different
channels (Pullan et al., 2003), (Kurokawa 2007). The
cardiac action potential is produced by a number of
different ion channel types working in complexes with
other proteins in cardiac cells (Grant 2009), (Gururaja
et al., 2020), (Singh 2021). A complex network of these
channels regulates the cardic myocytes, force of
contraction and heart rate. These channels are involved
in several heart signaling pathways (Kurokawa 2007).
In particular, calcium channels are crucial for the
regulation and physiology of cardiac function (Zuccotti
et al., 2011) (Lam et al., 2018) (Hansen 2015) (Shah et
al., 2022). In addition to conducting various signaling
events like gene transcription, cellular growth
processes, bioenergetics, inducing immune response,
and tissue remodeling, calcium is a central ion in the
electrical activity of the heart, where it connects
electrical signals and contraction (Sengupta et al., 2021)
(Moniri et al., 2007) (Ponnalagu et al.,2020). The
heart's myocardial contraction and pacemaker activity
are both impacted by the calcium current
(Coetzee 1988). The cardiac action potential's plateau
phase is disrupted by subtle alterations in calcium
channel activity, which results in an irregular
conduction cycle and pathological circumstances
including cardiac dysfunction (J Betzenhauser et al.,
2015). Therefore, the finding and characterization of
several of these cardiac calcium channels has resulted
from cardiac arrhythmia disorders (Lam et al., 2018)
(Hansen 2015) (Shah et al., 2022). To deliver calcium
into the cell is the main job of the calcium channels in
the sarcolemma of cardiac myocytes (Bers et al., 1999).
Specifically, voltage-gated calcium channels are
principally responsible for the transport of calcium ions
from the extracellular environment into the cell
(Nargeot et al., 1997). When contraction is activated,
calcium released from the sarcoplasmic reticulum
triggers it, and calcium influx helps maintain a higher
positive membrane potential (Bers et al., 1999).
"Calcium-induced calcium release” (Endo 1977) is the
term for this well-known phenomena. Therefore,
modulation of these channels serves as an important
pharmacological target, given multiple pathologies are
implicated when they present an abnormal function.
Here, it is important to understand the structural and
functional components of calcium channels in the heart.
As a result, the excitation—contraction coupling process
in cardiac myocytes can proceed without interruption
(Nargeot et al., 1997).

Types of Calcium Channels in the Cardiac Tissues
Based on their voltage activation level (high or

low), pharmacologic sensitivity, and rate of activation,

six kinds of calcium channels have been identified thus

far. According to (Kushner et al., 2019), these classes
are called T, L, N, P, Q, and R kinds. The majority of
calcium channels in the nervous system are N, P, Q, and
R kinds. This review will mostly concentrate on the L-
and T-type calcium channels due to their expression in
cardiomyocytes. The two different types of calcium
channels found in the heart are L and T-type, and they
are both crucial for controlling cardiac function
(Kurokawa 2007). These two varieties are referred as L
and T-based on how they react to voltage. Both L-type
and T-type voltage-gated calcium channels are "long-
lasting” and require a significant depolarization to
activate, but T-type channels are "transient" and do not
have this property (Kushner et al, 2019). A
comprehensive anatomical and functional distinctions,
in addition to the changes in time and spatial
expression, between these two groups, has enabled the
identification of their role in cardiovascular diseases.

L-type calcium channel

Long opening, high voltage-gated calcium
channels are known as L-type channels. They manifest
in the heart during both developmental and adult stages
(Kushner et al., 2019). Since an influx of calcium
occurs through them during membrane depolarization,
they are crucial and the primary source of excitation—
contraction coupling (Nargeot et al., 1997). They are
found not only in cardiac tissue but also in skeletal
muscle and all excitable cells (Striessnig et al., 2015).
The L-type channels are composed of four subunits (P
Morrow et al., 2015). They consist of three accessory
subunits, beta (p), delta (8), and gamma (y), as well as a
pore-forming subunit, alpha (o). The al subunit forms
the pore and central transmembrane machinery, while
the B subunit is located on the cytoplasmic side of the
complex and interacts with the intracellular domains of
the ol subunit. According to Wu et al., these subunits
control gating characteristics, current dynamics, and
membrane trafficking. The channel is organized into
four domains that are repeated. Six transmembrane
segments, S1-S6, make up each of these domains
(Singh 2021). The pore domain is made up of the
repetitions' S5 and S6 segments. For activation or
inactivation states, the voltage sensor is formed by the
S1 through S4 segments on each domain. Membrane
depolarization causes these channels to open (Nargeot
et al., 1997). Extracellular loops with the numbers L5 or
L6 have the potential to break up the pore-forming
domain (Wu et al., 2015). Structural variability is
produced by this as well as variations in the S5 and S6
segment conformations. A selectivity filter is formed by
the carbonyl oxygen atoms of the two preceding
residues within each repeat, augmented by four
glutamate residues on side chains, facilitating
specificity. The activity of L-type calcium channels is
intimately linked to rapid contraction in cardiac cells,
precipitated by transient depolarization events (Nargeot
et al., 1997). A series of intracellular events ensure
from this, one of which is the activation of the type 2
ryanodine receptor (Marks 2000), which causes a
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contraction to occur gradually and persistently (Wu et
al., 2015). When it comes to cardiac cells as opposed to

aortic cells, the calcium current in these channels
inactivates more quickly (Nargeot et al., 1997).
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Fig 2: Schematic representation of the calcium channel mechanism

T-type channels

T-type channels are more ephemeral than their
L-type counterparts, opening to low-voltage
depolarizations. Although their expression decreases
with developmental stages, they are functionally
expressed in embryonic hearts (Ono et al., 2010). T-
type channels are mostly expressed in atrial or
sinusoidal cardiac cells rather than ventricular myocytes
in the adult heart. The channels exhibit quick
inactivation kinetics and activate at a higher negative
potential (Weiss et al., 2019). T-type calcium channel
structure includes accessory subunits and four
homologous domains (P Morrow et al., 2015).
According to (Talavera et al., 2006), the intracellular
region contains the N and C termini along with three
linkers connecting the domains. S1 to S6, the six
transmembrane helices that make up the four
homologous domains, are described by (P Morrow et
al., 2015).Intracellular loops connect these domains;
more precisely, they do so between the S1 section of the
subsequent domain and the S6 component of the
preceding domain (Weiss et al., 2019). The connecting
segments of S5 and S6 constitute the pore-forming area,
much like the L-type calcium channels. Aspartate or

glutamate is one of the four important acidic residues in
this area (Weiss et al., 2019). The four domains
combine to form a tetrameric structure, which is
bordered by the S5-S6 linkers, also referred as p-loops
(Talavera et al., 2006). T-type calcium channel
selectivity is determined by the configuration of these
residues (Weiss et al., 2019). More precisely, two
glutamates in domains i, Il and two aspartates in
domains 11l and IV combine to form the selectivity
filter (Talavera et al., 2006). This is not the same as the
four glutamate residues in the selective region of L-type
calcium channels (P Morrow et al., 2015). The S4
segment is made up of a positively charged arginine or
lysine residue that functions as the voltage sensor
(Weiss et al., 2019), much like voltage-gated ion
channels (Singh 2021).

T-type calcium channels are found in
developing hearts, but their function decreases as the
heart grows (Ono et al., 2010). When the heart reaches
adulthood, ventricular myocytes' T-type channels are
essentially invisible. The majority of them are found in
the heart's conduction system (Nargeot et al., 1997). As
a result, they depolarize the adult heart's sinoatrial nodal
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cells and perform the function of a pacemaker (Ono et
al., 2010). Since these channels contribute to pacemaker
activity, their abnormal function might cause
bradycardia (Hansen 2015). Notably, research has
demonstrated that the presence of these channels causes
pathological conditions and dysregulation of the
excitation—contraction coupling, resulting in aberrant
electrical activity in the heart, atria and ventricular
myocytes, where L-type calcium channels predominate
(Ono et al., 2010). It has been demonstrated that adult
myocytes with erroneously present T-type channels
develop hypertrophied myocytes (Cribbs 2010). This is
mostly thought to be caused by T-type channels'
involvement in the remodelling of the heart. Moreover,
the heart becomes more fibrotic as a result of diastolic
dysfunction brought on by the blockage of these
channels, which impairs relaxation (Hansen 2015).

Potassium channels

There are three main types of cardiac K+
channels: background K+ currents (TASK-1, TWIK-
1/2), inward rectifier channels (IK1, IKAch, and
IKATP), and voltage-gated channels (Ito, IKur, IKr,
and IKs). The regional variations in the action potential
configuration in the atria, ventricles, and across the
myocardial wall (endocardium, myocardium and
epicardium) are explained by variations in the
expression level of these channels. The rationale for the
alteration in action potential configuration in response
to variations in heart rate is the highly controlled nature
of K+ channels. Multiple B-subunits and the primary a-
subunit make up voltage-gated K+ channels. The
complementary proteins KV-channel associated protein
(KChAP) and KV channel interacting protein (KChIP)
are also part of the channel functional units. The HERG
channel (gene KCNH2), KvLQT1 (gene KCNQL1), and
KVN.x (n=1 to 4) are the three main subfamilies of a-
subunits. They play a crucial role in the heart's outward
current generation. The conserved amino-terminal
domains of members of the KVN.x subfamily allow
them to coassemble to create hetero-multimers.
However, homotetramers are formed by members of the
KvLQT1 and HERG subfamilies. Table 1 summarises
the several types of K+ channels that are formed by the
coamination of a-subunits and their function in
generating the action potential. The majority of [-
subunits have been sequenced and cloned. They are
active oxio-reductases. When the a-subunits are
produced in heterogonous systems, they can produce
voltage-dependent K+ current. Nevertheless, in order to
replicate the K+ currents observed in native cells, the
accessory subunits are necessary. KChAP (KCHAP)
and KChIP (KCNIP2) have the potential to modify
channel  kinetics and boost channel activity
independently of transcription. One of the four domains
of voltage-gated Na+ and Ca2+ channels shares
structural similarities with voltage-gated K+ channels.
The necessary amino acid sequence for K+ selectivity is
glycine-tyrosine-glycine, or GYG.

A K+ current (Itol) and a Ca2+-activated
chloride current (Ito2) make up the transient outward
current. Slow and rapid components, Ito,f, and Itos,
make up the former. While Ito,f, and Itos are expressed
in the ventricle, Ito, f is the primary subtype expressed
in the human atrium. The right ventricle, epicardium,
and septum are cardiac areas with relatively brief action
potentials and greater Ito expression levels. Ito has a
quicker activation time constant (<10 ms) than other
voltage-gated K+ channels. There is variability and a
strong voltage dependence in the inactivation rate.
Through PKA-dependent phosphorylation, a-adrenergic
stimulation decreases Ito in human myocytes.
Angiotensin II and chronic a-adrenergic stimulation
both lower channel expression. Different species have
different effects when it comes to the duration of the
action potential; in rodents, for example, a reduction in
Ito results in a longer action potential. In big animals, a
decrease in Ito causes the plateau to move towards
greater positive potentials, activating the delayed
rectifier and accelerating repolarization. A decrease in
Ito is linked to an action potential prolongation in a
mouse model of hypothyroidism. Human heart failure
similarly results in a decrease in current, but this
reduction is linked to an extension of the action
potential duration. Since Ito determines the plateau's
level, modulators that reduce Ito cause the plateau to
move into the positive potential range. As a result, 1Ca
and Ca2+ have less electrochemical driving force. The
outward currents that are responsible for controlling
repolarization are being gradually activated by the
delayed rectifier K+ currents IKur, IKr, and IKs. These
channels contribute outward current throughout phase 3
repolarization because their deactivation happens
slowly enough. The significantly shorter atrial action
potential duration is caused by IKur, which is strongly
expressed in atrial myocytes. |Kr expression varies; it is
highest in the ventricular and left atrial endocardium.
All cell types express IKs, while midmyocardial
myocytes express less of it. The action potential
duration of these cells is the longest across the cardiac
wall. The most investigated are MinK and MinK-
Related Peptide-1 (MiRP-1).  Single-membrane
spanning peptides with extracellular amino termini are
MiRP-1 and MinK. The B-subunits do not conduct, but
they control the activity of the a-subunit in response to
medications, sympathetic stimulation, and gating. IKr is
regulated by p-adrenergic stimulation, which also
increases c-AMP and activates protein kinase A. When
an agent binds to the channel's cyclic nucleotide binding
domain, the former impact is inhibitory while the latter
is stimulatory. Inhibitory a-adrenergic stimulation
occurs. PKA-dependent phosphorylation of IKs is
increased by [-adrenergic activation. PKA, protein
phosphatasel, and the adaptor protein yotaio form a
complex that is involved in this activity (Marx et al.,
2002). LQT1's action potential is prolonged by ion
channel alterations that impair the complex's
functionality. In LQT1, B-adrenergic blockers have a
significant role as treatment choices by indirectly
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regulating this complex. In both atrial and ventricular
cells, the resting membrane potential is determined by
the inward rectifier channel current Ik1l. The ventricle
has substantially higher levels of channel expression,
which shields the ventricular cell from pacemaker
action. During phases 0, 1, and 2 of the action potential,
the outward current is constrained by the substantial
inward rectification of the Ik1. This provides energy
efficiency in the action potential production process and
restricts the outward current during the action
potential's positive phase. k1 contributes significantly
to phase 3 repolarization because the blockade of the
outward current by intracellular Mg+ and the
polyamines is eased during repolarization. One of the G
protein-coupled inward rectifying potassium channels is
the acetylcholine-activated K+ channel. The channel is
not as well expressed in the ventricle as it is in the AV,
SA, and atria nodes. The action potential is shortened
and the membrane potential is hyperpolarized when
IKAch is activated. Pacemaker cell depolarization in
phase 4 is retarded. The channel architecture resembles
that of IK1. Acetylcholine binds to the M2 muscarinic
receptor, activating the G protein Gi and causing the
subunits Gia and Gy to be released. The channel is
activated by the dissociated Gy subunit, which binds to
it. The release of Gfy and channel activation both
follow adenosine's binding to the P1 receptor.
Methylxanthines, like theophylline, counteract the
effects of adenosine by blocking the P1 receptor.
Coexpression of the sulfonylurea receptor and the
inward rectifier K+ channel Kir6.x results in channels
with characteristics resembling those of the native
IKATP.  Arrhythmia  resulting from  improper
repolarization are primarily caused by mutations in the
genes encoding cardiac K+ channels (Splawski et al.,
2000). Most cases of autosomal dominant LQTS
(Romano-Ward syndrome) are caused by mutations in
the genes encoding KvLQT1 (KCNH2) and HERG
(KCNQL1).

Sodium—potassium pump

The Na+ K+ pump is an electrogenic
transmembrane ATPase that is located on the cytosolic
side of the outer plasma membrane of cells. It was
initially identified in 1957 (Skou, 1957) (Pivovarov et
al., 2019). For each ATP that is used, the Nat+ K+
ATPase pumps three Na+ out of the cell and two K+
into the cell. The lipid bilayer that makes up the plasma
membrane is structured asymmetrically and contains
proteins, phospholipids, glycolipids, sphingolipids, and
cholesterol (Kopec et al., 2014) (Geering 2008). The
Na+K+-ATPase pump aids in preserving membrane
potential and osmotic balance in cells. Potassium and
sodium flow in the opposite direction of concentration
gradients. The gradient between a higher amount of
potassium intracellularly and a higher concentration of
sodium extracellularly is maintained by the Na+ K+-
ATPase pump. The persistent concentration gradient
has a continuous function in maintaining the resting
membrane potential of the cell, controlling the volume

of ions in the cell, and facilitating cell signal
transmission. It is essential for physiological processes
in many organs (Pivovarov et al., 2019). It is essential
for numerous physiological functions, including sperm
motility, the generation of the neural action potential,
and the preservation of waste product filtration in the
kidneys' nephrons (Clausen et al., 2017). In addition,
the physiological effects of blocking Na+-K+ ATPase
are beneficial and the focus of numerous
pharmacological uses. Na, K-ATPase is an essential
scaffolding protein that interacts with phosphoinositide
3-kinase (PI3K) and protein kinase C (PKC), are the
two signaling proteins (Mohammadi et al., 2001).

Cellular Level

The Na+ K+ ATPase is structurally made up of
an auxiliary beta subunit and a catalytic alpha subunit
(Mercer et al., 1993). One component of the FXYD
protein family, which is unique to certain tissues, is
present in some Na-K ATPases (Bibert et al., 2011).
The transmembrane region of the alpha subunit, known
as MA1-M10, is made up of ten helices. lon binding
sites, namely three binding sites that bind to Na+ in the
E1 state and two binding sites that bind to K+ in the E2
state, are contained inside these 10 helices (Kanai et
al., 2013) (Laursen et al., 2015) (Morth et al., 2007)
(Shimoda et al., 2009). The Na-K ATPase has three
sites in its structure. In the E1 and E2 states, sites one
and two overlap. But site three is only in the E1 state
and lies between the transmembrane helices of M5, M6,
and M8, which bind to Na+ and catalyse H+ transport
(Poulsen et al., 2010) (Ratheal et al., 2010) based on the
quantities of Na+, K+, and H+ (Mitchell et al., 2014).
Previous research suggests that ion binding pocket
protonation may be the cause of the pump's E2 state
selectivity for K+ (Yu et al., 2010).

Function

Gradients of sodium and potassium are
involved in the physiologic processes of different organ
systems (Clausen et al., 2017). Na and K-ATPase are
highly expressed in the kidneys; in the distal convoluted
tubule, up to 50 million pumps can be expressed per
cell. The kidneys need this sodium gradient in order to
filter waste materials from the blood, reabsorb glucose
and amino acids, control blood electrolyte levels, and
maintain pH (EI Mernissi et al., 1991). Although sperm
cells also use Na, K-ATPase, they do so in a distinct
isoform that is required to maintain male fertility. In
order to control membrane potential and ions, which is
essential for sperm motility and acrosome function after
entry into the egg, sperm require Na and K ATPase
(Jimenez et al., 2011). Moreover, the brain needs NA*,
K* ATPase activity. In order for neurons to produce
action potentials, postsynaptic sodium flux must be
reversed by the Na, K-ATPase. This restores the
potassium and sodium gradients. The sodium gradient is
necessary for astrocytes to maintain neurotransmitter
reuptake, and this gradient is maintained by the Na, K
ATPase pump. About two-thirds of the energy that is
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used for protein synthesis and molecular synthesis is
absorbed by Na, K ATPases in the grey matter, which
means that Na, K ATPases in the grey matter use a
large amount of energy (Attwell et al., 2001).

CONCLUSION

lon channels play pivotal roles in cardiac
physiology, regulating ion flow crucial for action
potentials and muscle contraction. Dysfunctions in
these channels contribute to various cardiac
pathologies, understanding the importance of their
structure and function for targeted therapeutic
interventions in heart disorders.
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