
Mini Review

Voltage Gated Sodium Channels - 
Hisham Al-Ward, Liu Ning and Xu Hui*
Department of Biochemistry and molecular Biology, Jiamusi University, China

*Address for Correspondence:  Xu Hui, Department of Biochemistry and molecular Biology, Jiamusi 
University, China, E-mail: 

Submitted: 18 December 2020; Approved: 23 December 2020; Published: 24 December 2020

Cite this article: Al-Ward H, Ning L, Hui X. Voltage Gated Sodium Channels. Int J Proteom Bioinform. 
2020 Dec;5(1): 011-013.

Copyright: © 2020 Al-Ward H, et al. This is an open access article distributed under the Creative 
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any 
medium, provided the original work is properly cited.

International Journal of
Proteomics & Bioinformatics



International Journal of Proteomics & Bioinformatics

SCIRES Literature - Volume 5 Issue 1 - www.scireslit.com Page - 0012

INTRODUCTION 
Voltage Gated (-dependent) Sodium Channels (VGSCs) 

are heterotrimeric transmembrane proteins depending on the 
electrochemical gradient they form selective passages to transfer 
sodium ions from and into cells, in other word the sodium channels 
proteins control the movement of the sodium ion across the cell 
membrane. VGSCs play an important function in neurons by 
initiation and generation of the action potential. Th ose channels 
consist of one (big) pore-forming α subunit (~260kDa) and 
associated smaller size one or more non-pore forming β subunits 
(30-40 kD) [1]. Mammalian genomes contain 9 α VGSC (NaV1.1 
to Nav1.9) subunits, and 5 β subunits (β1- β4 and β1B). Ten genes 
encodes α subunits (SCN1A-SCN10A) and four genes encodes β 
subunits (SCN1B-SCN4B) [2]. VGSC alpha subunits include all the 
components and mechanisms required to conduct the ions on the cell 
surface, expression, gating, inactivation, and voltage sensing. VGSC 
beta subunits are not only simple associates to alpha subunit. VGSC 
β subunits are multifunctional. Th ey present unique mechanisms, 
control cellular excitability, are involved in brain development, not 
linked to alpha subunits in some functions [1]. 

Localization and Expression

Voltage-Gated sodium channel genes have been recognized in 
many animal cells, including leeches, fl ies, jellyfi sh, and squid, also in 
mammalian vertebrates [3]. VGSCs Na1.1, Na1.2, Na1.3, and Na 1.6 
are the Central Nervous System’s (CNS) Na channels. While Na1.7, 
Na1.8, and Na 1.9 are the primary Na channels in the Peripheral 
Nervous system (PNS). In skeletal muscle and heart, the main sodium 
channels are Na1.4, and Na1.5 respectively [4]. Mammalian VGSCs 
have diff erent expression profi les and subcellular localization during 
development, regular with every channel’s defi nite physiological 
functions in mammals. Th e chromosome segments containing 
VGSCs genes are paralogous, and every chromosome contains a 
group of genes (Hox genes), which encode the transcriptional factors 
associated with the regulation of developmental patterning. Genes 
encoding VGSCs Nav1.1, Nav1.2, Nav1.3, and Nav1.7 are found on 
chromosome two in humans and mice cells. Th ese channels have 
similarities in their sequence, biological and physiological properties, 
and they can be blocked via very small concentrations (nanomolar) of 
the Tetrodotoxin (TTX). Th e second group of genes encoding human 
Sodium channels Nav1.5, 1.8, and 1.9 is found on chromosome 
3p21-24, while in mouse it’s located on chromosome three. Th e Beta 
subunits chromosomal locations are identifi ed in humans. VGSCs β 1 
gene (SCN1B) located on chromosome 19q13, and β 2(SCN2B) and β 
3(SCN3B) are located on chromosome 11q22-23. β3 (SCN3B) shares 
some similarities with β 1 gene in sequence and some functions [5].

Sodium Channels and miRNAs

MiRNAs are a group of non-coding RNAs (measuring~ 22 
nucleotides) that bind to complementary sequences oft en within the 

3 UTR of their target mRNAs [6]. To date, the relationship between 
miRNAs and VGSCs are not well investigated. Only a few studies 
reported the involvement of those molecules in pain and some diseases 
linked to VGSCs. As we know, many miRNAs are highly expressed 
in the brain, such as miR-210, miR-377, miR-128, and miRNA-30b. 
Interestingly, many genes encoding sodium channels α and β subunits 
are expressed in the brain; for example, SCN1B, the gene coding β1 
subunit, this gene has been shown to be linked to epilepsy, seizures, 
and Brugada Syndrome. Various miRNAs have been reported to 
enhance the improvement of epilepsy and acute seizures [7]. Recently, 
a study reported that miR-155 could be linked with the seizure risks, 
and SCN1A could be one of the miR-155 targets. Downregulation of 
miR-155 may help to prevent postoperative seizure by upregulation 
of SCN1A expression [8], another study reported that there are 
multiple miRNAs in Na1.1 are linked to epilepsy [9]. In VGSCs β2, in 
VGSCs β2, microRNA-7a is involved in pain [10], while microRNA-9 
has been shown to play a vital role in acute cerebral ischemia [11]. 
Interestingly, miR-30b is decreased in the spinal ganglion of a mouse 
nerve damage model. Local injection of this miRNA agomir in spinal 
ganglion alleviates pain and reduces increased expression of the 
VGSCs Nav1.7 [12]. Mutations in SCN9A (gene encodes Nav1.7) 
have been reported to play a vital role in epilepsy [13], but this role 
in epilepsy is not well investigated [14,15]. miR-132 plays a critical 
function in neurodegenerative disorder. A study described the 
regulation impact of this miRNA on Nav1.1 and Nav1.2 expression, 
and the study showed that miR- 132 could effi  ciently promote the 
memory function in rats; it inhibits the expression of both Nav1.1 
and Nav1.2 and relieves neuron pathological injury. Misregulation of 
this miRNA with elevated Nav1.1/Nav1.2 gives a possible mechanism 
for improving memory loss [16]. Ion channels that target miRNAs 
can control the neuron’s intrinsic excitability and aff ect the brain’s 
whole networks. Th eir role in seizures and epilepsy may involve the 
disease phenotype. However, studies are required to understand how 
microRNAs control Na ion channels to regulate neuronal excitability.

VGSCs and Pain

Pain is an unpleasant sensory and emotional experience associated 
with actual or potential tissue damage, or described in terms of such 
damage [17]. VGSCs manage the noxious information transport 
from the aff ected cells or tissues to the spinal cord. Stimulation of 
the channel receptors via surface stimuli changes the membrane 
depolarization, action potential creation at the peripheral terminal 
[18]. Nav1.8 has a higher action potential production threshold 
(-30 to -40mV) than Nav1.9; it is somewhat slowly inactivated and 
rapidly repressed. Contrary, at a voltage potential near the resting 
potential (-60 to -70mV), Nav1.9 is slowly triggered, causing a tonic 
Na ion current and facilitating cell depolarization. Th e only way to 
reach the binding sites on the alpha subunit is by bypassing the axon 
membranes. Th is feature can be done by using lidocaine derivatives 
such as monocarboxylic acid amide (QX314) [19].
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