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The initiation and propagation of action potentials (APs) 
depend on the precise localization of voltage-gated sodium 
(NaV) and potassium (KV) channels in neurons. In neocortical 
pyramidal neurons, NaV1.2 and NaV1.6 are key at the axon 
initial segment (AIS) and nodes of Ranvier (noR), driving AP 
initiation and propagation. NaV1.2 also supports AP back-
propagation in the soma and dendrites. Ankyrin-G anchors 
these channels at the AIS and noR, while new findings reveal 
that ankyrin-B scaffolds NaV1.2 in dendrites. This review 
highlights how ankyrins stabilize NaV and KV channels across 
neuronal domains, ensuring proper function crucial for excit-
ability, synaptic plasticity, and signaling. Recent findings 
explore how ankyrins differentially localize NaV1.2 and 
NaV1.6, with implications for understanding neurological dis-
orders linked to disrupted channel localization.
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Introduction
Action potentials (APs) are the fundamental electrical 

signals used by neurons to communicate across the 

nervous system. They are initiated at the axon initial 

segment (AIS), where depolarizing stimuli lead to rapid 

voltage changes that propagate along the axon, often to 

distant regions of the brain and beyond (Figure 1) [1]. 

These electrical signals are crucial for synaptic 

transmission, sensory processing, and motor control, and 

they depend on complex interactions between ion 

channels, scaffolding proteins, and the neuronal cyto-

skeleton [1]. APs are then propagated down the axon, 

aided by nodes of Ranvier (noR) in myelinated neurons 

that allow for rapid saltatory conduction (Figure 1). 

While much of the focus has been on the forward 

propagation of APs, a growing body of research highlights 

the significance of AP backpropagation through the 

soma and into the dendrites, especially in the context of 

synaptic plasticity and the integration of incoming syn-

aptic inputs [2].

The initiation and propagation of APs rely heavily on two 

key families of ion channels: voltage-gated sodium 

channels (NaVs) and voltage-gated potassium channels 

(KVs). NaVs, found at high concentrations in the AIS, are 

responsible for the rapid depolarization that underpins 

the initiation of an AP, allowing for efficient signal con-

duction along the axon [1]. KVs, on the other hand, 

modulate repolarization and control the refractory 

period following an AP, thereby influencing the fre-

quency and timing of neuronal firing [1]. The proper 

function of these ion channels is not solely determined 

by their intrinsic properties, but also by their spatial 

distribution within the neuron.

Ankyrin proteins play a pivotal role in the organization of 

NaVs and KVs. Ankyrins act as scaffolding molecules, 

linking ion channels, cell adhesion molecules, and more 

to the underlying spectrin-actin cytoskeleton (Figure 2). 

Three ankyrin genes are found in vertebrates: ANK1 

(encoding ankyrin-R), ANK2 (encoding ankyrin-B), and 

ANK3 (encoding ankyrin-G). These ankyrins can bind 

different proteins and appear to occupy largely non- 

overlapping regions of the neuronal membrane. They 

also undergo alternative splicing events, giving rise to 

several isoforms that are expressed throughout the 

neuron [3].

The ANK3 gene gives rise to three main classes of 

ankyrin-G isoforms: 190 kDa, 270 kDa, and 480 kDa, 

with expression of the larger two predominantly found 

in the nervous system [3]. 480 kDa ankyrin-G is a key 

organizing protein at the AIS and noR, interacting both 

directly and indirectly with various components 
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essential for its structure and function (Figure 2) [4]. 

ANK2 undergoes similar alternative splicing, generating 

220 kDa and 440 kDa ankyrin-B peptides. Notably, the 

giant isoforms of both ankyrin-G and ankyrin-B are 

implicated in several neurodevelopmental disorders 

[5—8]. In cortical pyramidal neurons, the 480 kDa iso-

form of ankyrin-G links ion channels, structural pro-

teins, and more to the underlying spectrin-actin 

cytoskeleton, and associates with microtubules to 

become stabilized at the plasma membrane [9]. How-

ever, a separate mechanism for channel localization is 

required in the dendrites, as the 480 kDa isoform of 

ankyrin-G is largely absent from this region, except for 

the most proximal dendrite [10]. Although the 190 kDa 

isoform of ankyrin-G is present, it is predominantly 

found in dendritic spines where it regulates spine 

structure and function [10]. This leads to the question 

of what is scaffolding these dendritic channels. The 

answer to this question came from recent work 

demonstrating that related ankyrin family member, 

ankyrin-B, scaffolds dendritic NaV1.2, thus expanding 

the known functions of ankyrin-B.

By anchoring NaVs and KVs to the plasma membrane, 

ankyrins ensure the precise positioning of these chan-

nels, which is crucial for efficient AP propagation and 

the modulation of synaptic plasticity. As such, the 

intricate relationship between ion channels, ankyrin 

proteins, and the cytoskeleton is central to our under-

standing of how neurons process and transmit electrical 

signals, and how these processes underlie complex 

behaviors and cognitive functions. In the following 

review, we will discuss in greater detail the localization 

and stabilization of NaVs and KVs throughout cortical 

pyramidal neurons via ankyrin-dependent and ankyrin- 

independent mechanisms.

Action potential initiation at the AIS
Action potentials (APs) are initiated at the axon initial 

segment (AIS), a specialized region organized primarily 

by the 480 kDa isoform of ankyrin-G (Figure 1). Loss of 

ankyrin-G disrupts the formation of the AIS entirely, 

leading to the absence of all known AIS components [3]. 

Among the key elements involved in AP initiation and 

propagation at the AIS are voltage-gated sodium (NaV) 

and potassium (KV) channels. The AIS’s high density of 

these ion channels―especially NaVs―combined with 

its small volume, which requires less charge to reach 

threshold, makes this region particularly effective for 

triggering action potentials [11,12].

Two key NaVs are found at the AIS of cortical pyramidal 

neurons: NaV1.2 and NaV1.6. Early in development, 

NaV1.2 is the predominant NaV at the AIS. As the 

neuron matures, NaV1.6 largely replaces NaV1.2 at the 

distal AIS and NaV1.2 localizes to the proximal AIS as 

well as the somatodendritic region [13]. Although 

NaV1.2 and NaV1.6 share high structural homology, they 

differ in their biophysical properties―NaV1.6 activates 

at more hyperpolarized membrane potentials and sup-

ports more persistent and resurgent currents than 

Figure 1 

Basic anatomy of a neuron. 
The neuron is composed of three main parts: dendrites, the cell body (soma), and the axon. The dendrites receive incoming signals from other neurons. 
The soma contains the nucleus and processes the received signals. The axon contains the axon initial segment which is the site of action potential 
initiation. The action potential then propagates in a forward direction down the myelin sheaths, which insulate the axon to increase conduction speed, 
with gaps called Nodes of Ranvier enabling signal regeneration. The axon terminates in synaptic terminals, which transmit signals to the next neuron or 
target tissue. Action potentials also propagate through the soma and into the dendrites.
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NaV1.2 [2]. Despite their unique distribution and 

function, both channels are secured at the AIS via an 

interaction with the ankyrin-G repeats (Figure 2). 

Ankyrin-G/NaV binding requires a sequence of nine 

amino acids known as the ankyrin binding domain 

(ABD) in the NaV intracellular loop connecting domains 

II and III (II-III loop) [14—16]. While deletion of the 

giant exon of ankyrin-G results in the loss of NaV clus-

tering at the AIS, western blot analysis shows that pro-

tein levels remain unchanged, suggesting that the 

channels are being redistributed at low levels across the 

plasma membrane below the limit of detection [3]. 

What exactly contributes to the distinct interactions 

between NaV1.2 and NaV1.6 with ankyrin-G remains 

unknown, but may be explained by sequence differ-

ences in the II-III loop of the channels. Findings suggest 

that the entire II-III loop contributes to the strong 

binding between NaVs and ankyrins [17]. Thus, residues 

surrounding the ABD could result in differences in the 

interactions between NaV1.2 and NaV1.6 with ankyrin- 

G, although further study is necessary. For a more 

detailed discussion of the distinct localizations of 

NaV1.2 and NaV1.6 throughout development and their 

contribution to disease, refer to a recent review focusing 

on AIS structure and function in health and disease [12].

Ankyrin-G does not work alone to stabilize NaVs to the 

AIS. Neurofascin186 (NF186), a transmembrane cell- 

adhesion molecule, interacts with ankyrin-G to stabi-

lize it at the membrane (Figure 2). This NF186/ankyrin- 

G complex is crucial for the maintenance of the AIS and 

allows for the proper anchoring of NaVs [18,19]. 

Furthermore, this complex allows ankyrin-G to recruit 

βIV-spectrin, further aiding in the stabilization of the 

AIS and clustering of NaVs (Figure 2) [20,21]. Loss of 

either NF186 or βIV-spectrin impacts the ability of 

neurons to generate APs [18—21]. For more information 

on the critical role of axonal spectrins in the mainte-

nance of AIS integrity, refer to the following review [22]. 

Meanwhile, fibroblast growth factor 14 (FGF14) 

Figure 2 

NaV and KV channel localization at the AIS and Nodes of Ranvier. 
The figure provides a magnified view of the axon initial segment, Nodes of Ranvier, Dendrites, and soma. (Axon Initial Segment) Ankyrin-G is main-
tained at the membrane via interactions with the underlying actin/spectrin cytoskeleton and microtubules. It is further stabilized via an interaction with 
neurofascin-186 (NF186). At the AIS, ankyrin-G stabilizes NaVs (blue) and KVs (green). Other proteins, such as fibroblast growth factor 14 (FGF14) and 
postsynaptic density protein 93 (PSD93) are also involved in the proper clustering of NaVs and KVs. Meanwhile, KV2.1 does not directly interact with 
ankyrin-G, rather it is maintained at the AIS by forming endoplasmic reticulum/plasma membrane junctions via interactions with VAMP-associated 
proteins (VAPs). (Nodes of Ranvier) At the nodes, ankyrin-G is maintained at the membrane via interactions with the underlying actin/spectrin cyto-
skeleton and microtubules. It is further stabilized via an interaction with NF186. Here, ankyrin-G anchors NaV1.6, KV7.2, KV7.3, and TRAAK at the 
membrane. In the juxtaparanodal region, KV1.1 and KV1.2 are stabilized at the membrane via a protein complex including Caspr2, TAG-1, protein 4.1B, 
and PSD95. Interactions with the extracellular matrix and myelinating glial cells contribute to the maintenance of this architecture.
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interacts directly with the C-terminal tail of NaV to 

control channel gating and channel expression 

(Figure 2). FGF14 loss-of-function decreases 

Na + currents and reduces NaV expression at the AIS, 

ultimately impairing neuronal excitability [23,24].

KV7.2 and KV7.3, encoded by KCNQ2 and KCNQ3, are 

also found at high densities in the distal AIS, where they 

play a critical role in setting the resting membrane po-

tential and restoring the membrane potential after an 

AP [25—27]. Ankyrin-G scaffolds KV7.2 and KV7.3 at the 

AIS via an interaction with the KV C-terminal domain 

(Figure 2) [28—30]. PSD-93 also acts as a scaffolding 

protein to mediate KV clustering at the AIS (Figure 2). 

Knock-down of PSD-93 in culture or silencing in PSD- 

93− /− mice disrupts KV1 clustering at the AIS in cortical 

neurons [31]. This could have significant consequences, 

as alterations in the KV1 channel subunit composition at 

the AIS influence the excitability of the AIS. For 

example, KV1 channels modulate the AP waveform in 

the AIS of layer 5 pyramidal neurons, facilitating trans-

mitter release at intracortical synapses [32]. Further-

more, KV1.1− /− mice exhibit lifelong seizure activity 

[33], and autoantibodies targeting KV1 channels have 

been identified in some patients with chronic epi-

lepsy [34].

Another KV channel, KV2.1, does not directly interact 

with ankyrin-G to cluster at the AIS [35,36]. Rather, this 

channel contains an AIS trafficking motif with putative 

phosphorylation sites within its C-terminus, critical for 

the clustering of KV2.1 at the AIS [37]. KV1.2 channels 

are maintained at the AIS by forming endoplasmic re-

ticulum/plasma membrane junctions via interactions 

with VAMP-associated proteins (VAPs) (Figure 2) [38]. 

Although these channels do not bind directly to ankyrin- 

G, their overall AIS localization still requires ankyrin-G, 

as deletion of ankyrin-G leads to the loss of AIS 

targeting of PSD-93, which is responsible for KV1 scaf-

folding at the AIS [31].

The TRAAK (TWIK-related Arachidonic Acid- 

Stimulated K+) channel, which is a member of the 

K2P family, was also recently shown to be scaffolded at 

the AIS. TRAAK is a KV leak channel that is critical for 

rapid repolarization of the membrane. Recent findings 

show that TRAAK forms a complex with ankyrin-G via 

an ankyrin-G binding motif in the TRAAK C-terminus, 

allowing for clustering of TRAAK at the AIS of forebrain 

pyramidal neurons (Figure 2) [39,40]. Another KV leak 

channel, TREK-1, forms a heterodimer with TRAAK, 

stabilizing TREK-1 at the AIS [39].

Together, these findings reveal several mechanisms 

through which NaVs and KVs are anchored at the AIS. 

Most of these processes are dependent, directly or 

indirectly, on the presence of ankyrin-G, highlighting 

the critical role this protein plays maintaining proper 

neuronal signaling. Further discussion of the importance 

of AIS integrity in health and disease can be found in a 

recent publication [12].

Forward propagation of action potentials
The noR are short, myelin-free segments of the axonal 

membrane that are distributed at regular intervals along 

myelinated axons and allow for saltatory conduction of 

the AP (Figure 1). The noR can be categorized into 

three distinct regions: (1) the node, where NaV channels 

are concentrated; (2) the paranodes, which border the 

nodes and serve as the attachment sites for each layer of 

the myelin sheath to the axon; and (3) the juxtaparan-

odes, located adjacent to the paranodes, rich in KV1s, 

and covered by the myelin sheath.

Node
Nodes are enriched in NaV channels, allowing APs to 

propagate down the axon in a saltatory manner. A 

reduction of NaV1.6 at the nodes results in a significant 

decrease in AP conduction velocities, underscoring the 

importance of proper NaV localization [41]. The pro-

cesses and players involved in nodal formation differs 

between the central and peripheral nervous systems 

(CNS; PNS). While this review focuses on the CNS, a 

useful discussion of the differences can be found at the 

following reference [42].

At the nodes, ankyrin-G binds to βIV-spectrin and 

NF186, creating a stable scaffold and ensuring proper 

clustering of NaVs (Figure 2). While NF186 interacts 

with the repeats of ankyrin-G, βIV-spectrin interacts 

with the first ZU5 domain, which is shared by all 

ankyrin-G isoforms [3]. Interestingly, specific knock-

down of 480 kDa ankyrin-G in cultured hippocampal 

neurons results in a loss of clustering of βIV-spectrin at 

the AIS, despite the maintained presence of the ZU5 

domain in the remaining isoforms, suggesting that 

480 kDa ankyrin-G recruits βIV-spectrin via mecha-

nisms unique to the giant isoform [3]. In fact, the study 

went on to show that 480-kDa ankyrin-G recruits β4- 

spectrin through an interaction regulated by phosphor-

ylation at S2417, which is missing from the smaller 

ankyrin-G isoforms, suggesting that additional contacts 

within the giant exon-encoded sequence may be 

necessary for full interaction between ankyrin-G and 

βIV-spectrin [3].Deletion of either NF186 or βIV- 

spectrin causes severe deficits in node formation as well 

as NaV and ankyrin-G localization, further impairing 

node integrity and function [21,43]. Interestingly, 

ankyrin-R has been found to compensate for the loss of 

ankyrin-G in mature, fully myelinated axons, rescuing 

NaV clustering [44].

In addition to localizing to the AIS, TRAAK and TREK- 

1 are also clustered at the nodes of myelinated axons, 

where they are required for the quick and efficient 

propagation of APs down the axon as well as rapid AP 
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repolarization [45]. Like AIS localization, the C-termi-

nus of TRAAK interacts with ankyrin-G to cluster at the 

nodes. Here, TREK-1 and TRAAK can form hetero-

dimers, stabilizing TREK-1 at the nodes (Figure 2) [39].

Paranodes
Paranodes are the regions of the axon adjacent to the 

node, where the axonal membrane interacts with the 

myelin sheath. These regions are crucial for ensuring 

proper myelin-axon attachment and facilitating efficient 

saltatory conduction. While the paranodes themselves 

do not contain high concentrations of ion channels, they 

are crucial for organizing and maintaining the ion 

channels at the node, particularly NaVs [46]. This 

importance stems from the role of paranodal junctions in 

forming a physical and molecular barrier that restricts 

the lateral diffusion of nodal proteins, thereby preser-

ving the distinct molecular composition of the node 

[47]. Paranodal axo-glial junctions, formed by in-

teractions between axonal Caspr/contactin complexes 

and glial neurofascin-155, act as diffusion fences that 

prevent the encroachment of juxtaparanodal KVs into 

the node and help retain NaVs in their correct position 

[46]. Moreover, the loss or disruption of these junctions 

results in mislocalization or reduced clustering of NaVs 

at the node, highlighting their specific reliance on an 

intact paranodal structure for stable nodal localiza-

tion [47].

Juxtaparanodes
The juxtaparanodes are specialized regions adjacent to 

the paranodes and nodes in myelinated axons that 

house a high concentration of KVs. They are involved in 

the structural organization of the myelin sheath 

through the action of adhesion molecules like Caspr2 

and Contactin, ensuring the integrity of the noR and 

efficient signal transmission. Proper function of the 

juxtaparanodal region is essential for normal neuronal 

signaling, and dysfunction in this area can lead to 

various neurological disorders [48]. In multiple scle-

rosis, demyelinated lesions often exhibit altered dis-

tributions of nodal, paranodal, and juxtaparanodal 

proteins [49]. This misdistribution has been found to 

impair nerve conduction and contribute to neurological 

deficits. Moreover, patients with disorders such as 

chronic inflammatory demyelinating polyneuropathy 

and Morvan syndrome have autoantibodies that target 

protein complexes throughout the nodes, including 

Caspr2 and Tag1 (contactin-2), which accumulate at 

the juxtaparanode [50]. These disruptions in protein 

complexes can destabilize KV channels, adversely 

affecting nerve transmission.

KV1.1 and KV1.2 lay underneath the compact myelin 

sheath just proximal to paranodes [51,52]. Here, KV1.1 

and KV1.2 are linked to Caspr2 via the PDZ binding 

domain, a common structural domain of 80—90 amino 

acids found in signaling proteins (Figure 2). This 

domain plays a key role in anchoring receptor proteins 

in the membrane to cytoskeletal components. 

Importantly, TAG-1 was found to be required for the 

proper accumulation of Caspr2 at the juxtaparanodes 

[53,54]. Deletion of TAG-1 results in failure of Caspr2 

to localize to the juxtaparanodal region and exclusion of 

KV1.1 and KV1.2 from the juxtaparanodal axonal 

membrane [53,54]. These findings provide a critical 

role for the Caspr2/TAG-1 complex in clustering KV1s 

in the juxtaparanodes. In fact, Caspr2 deficient mice 

exhibit KV1.1 and KV1.2 mislocalization to the 

paranodal region, which has significant implications for 

neuronal development, excitability, and neurological 

function, and has been associated with several disor-

ders such as autism, epilepsy, and language impair-

ment [55,56].

Action potential backpropagation
Soma
Neuronal backpropagation refers to the process in which 

the AP travels back through the somatic membrane into 

dendrites, where it delivers crucial signals to the den-

drites that are essential for sustaining synaptic strength, 

integration, and plasticity. NaV1.2 at the proximal AIS of 

mature cortical pyramidal neurons promotes back-

propagation to the soma, where other NaV1.2 channels 

in the soma are triggered, leading to somatic depolari-

zation [2,57]. Thus, the soma not only acts as a transi-

tion zone between the axonal and dendritic 

compartment, but also as a major source of sodium 

current necessary for normal synaptic activity. Deficits 

in backpropagating action potentials (bAPs) can impair 

learning, memory, and dendritic computation, a hall-

mark of many brain disorders including autism spectrum 

disorder and intellectual disability [2,58]. bAPs are most 

commonly observed in pyramidal neurons, particularly 

those in the cerebral cortex and hippocampus. However, 

bAPs are not exclusive to pyramidal neurons and have 

also been identified in other cell types, including cere-

bellar Purkinje cells and certain types of GABAergic 

interneurons [59,60]. These cell types exhibit varying 

propagation dynamics. For example, Purkinje cells in the 

cerebellum show bAPs, but their dendritic morphology 

and ion channel composition result in different propa-

gation characteristics compared to pyramidal neurons 

[60]. Specifically, the amplitude of APs decreases with 

increasing distance from the soma into the dendrites, 

suggesting that Purkinje cell dendrites do not actively 

propagate APs as pyramidal cell dendrites do, but rather 

passively conduct them [60].

It is still not clear which proteins are scaffolding NaV1.2 

on the somatic membrane, but it does seem likely that 

the process is dependent on ankyrins (Figure 3). Dele-

tion of the ankyrin-binding motif from the NaV1.2 II-III 

loop causes a complete loss of NaV1.2 localization not 

only to the AIS and dendrites, but also to the somatic 

plasma membrane [61].
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The 480 kDa isoform of ankyrin-G does accumulate on 

the soma of mature neocortical pyramidal neurons [62], 

suggesting that it could be the scaffold for these so-

matic channels. However, APs evoked through somatic 

current injection persisted in recordings from the 

motor cortex of mice lacking giant ankyrin-G, which 

may be a result of compensation from the smaller 

190 kDa isoform of ankyrin-G that is upregulated upon 

giant ankyrin-G knockout [3]. Interestingly, a study 

assessing all isoform deletion of Ank3 in cortical pyra-

midal neurons showed significant increases in staining 

for the activity-dependent marker c-Fos, supporting 

the idea that a complete deletion of Ank3 isoforms does 

not fully abolish AP firing [63]. These findings suggest 

that a different ankyrin may be scaffolding these 

somatic channels. While ankyrin-B is also found at 

high levels on the somatic membrane, deletion of Ank2 

had no effect on NaV1.2 somatic localization [61]. 

One intriguing possibility is that both ankyrin-G 

and ankyrin-B are capable of scaffolding NaV1.2 on 

the soma in a functionally redundant way, which 

could provide a backup source of scaffolding in case of 

deleterious mutations. Likewise, there may be 

compensation from ankyrin-R as is seen in the 

NoR [44]. It would be particularly interesting to 

investigate the effects of deleting both ankyrin-G and 

ankyrin-B.

KV2.1 is present in large clusters on the soma and prox-

imal dendrites [36]. Interestingly, the channel clusters in 

the somatodendritic region in a manner distinct from its 

localization to the AIS [37]. The somatodendritic local-

ization of KV2.1 is determined by a proximal restriction 

and clustering (PRC) motif within its cytoplasmic C- 

terminal tail [37]. This motif binds to vesicle-associated 

membrane protein (VAMP)-associated proteins (VAPs), 

facilitating the formation of endoplasmic reticulum/ 

plasma membrane junctions, which are essential for 

maintaining KV2.1 localization in the somatodendritic 

region (Figure 3) [38,64].

Figure 3 

NaV and KV channel localization at the soma and dendrites. 
(Dendrites) KV2.1 is maintained at the dendrites by forming endoplasmic reticulum/plasma membrane junctions via interactions with VAMP-associated 
proteins (VAPs). Ankyrin-B scaffolds NaV1.2 to the dendrites of forebrain pyramidal neurons. (Soma) KV2.1 is maintained at the soma by forming 
endoplasmic reticulum/plasma membrane junctions via interactions with VAPs. It is currently unknown what anchors NaV1.2 at the soma. It is possible 
that ankyrin-G, ankyrin-B, or ankyrin-R are responsible, though further study is required.
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Dendrites
Backpropagating APs in dendrites provide feedback 

signals that influence synaptic strength and contribute 

to learning and memory processes [2]. In cortical pyra-

midal cells, NaV1.2 is crucial for this process, with their 

precise localization and function in dendrites ensuring 

proper propagation of the AP into the soma and den-

dritic regions [2,13]. This interaction between axonal 

and dendritic regions highlights the importance of 

spatial organization of ion channels in regulating overall 

neuronal activity and plasticity.

Previous work has detailed the specific localization of 

NaV1 subtypes throughout the dendrites of hippocam-

pal neurons [13]. However, NaV localization in neocor-

tical neurons is less clear. Recent advancements in 

labeling and imaging techniques have contributed 

significantly to the ability to observe the subcellular 

localization and dynamics of the homologous NaV1.2 and 

NaV1.6 channels [61,65]. For example, an epitope- 

tagged NaV1.2 channel was used to help overcome the 

limitations of visualizing NaVs outside of the AIS and 

showed NaV1.2 localization along the dendritic shaft of 

neocortical neurons [61]. Interestingly, recent work 

demonstrated that, just as was seen in the soma, NaV1.2 

lacking its ankyrin-binding motif failed to localize to 

dendrites, suggesting that this localization was ankyrin- 

dependent [61], leading to the question of which 

ankyrin is scaffolding these dendritic channels.

190 kDa ankyrin-G is found in dendrites, but is primarily 

localized to the dendritic spines, while 480 kDa is absent 

from the region, except for the most proximal segments 

of dendrite [10]. Ankyrin-B, on the other hand, is local-

ized strongly to the dendritic shaft in neocortical pyra-

midal cells, where it would be well-positioned to bind 

NaV1.2 [61,65]. In addition, the ankyrin repeats from 

ankyrin-B are able to bind the NaV1.2 II-III loop with 

high affinity [17], though the importance of this inter-

action had not yet been tested. However, Nelson et al. 

recently showed that ankyrin-B scaffolds NaV1.2 in the 

dendrites of mature cortical pyramidal neurons (Figure 3) 

[61]. Homozygous and heterozygous ankyrin-B deletion 

or expression of a mutated form that cannot interact with 

NaV1.2 results in the loss of NaV1.2 localization in den-

drites (Figure 4) [61]. These findings establish an 

exciting novel role for ankyrin-B in the dendrites of 

neocortical pyramidal neurons. One challenge for un-

derstanding the role of ankyrin-B in neurons is its growing 

list of cellular functions. For example, ankyrin-B is also 

involved in promoting spine regulation in the prefrontal 

cortex, regulating axonal branching, and controlling 

microtubule-dependent axonal transport [66—68]. Ho-

mozygous deletion of forebrain Ank2 during development 

alters the synaptic proteome and causes seizure-related 

phenotypes [67,68]. How exactly different disease- 

associated ANK2 variants affect each of these processes 

remains to be determined, and the extent of those effects 

is likely to affect the resulting patient phenotype.

Concluding thoughts
The precise localization of voltage-gated ion channels is 

essential for maintaining neuronal function, with ankyrin 

proteins serving as pivotal regulators of this process. 

Figure 4 

Ankyrin-B scaffolds NaV1.2 to the dendritic membrane of cortical pyramidal cells. 
The figure, adapted from Ref. [61], shows representative confocal images of DIV21 Ank2flox/flox cultured neocortical neurons co-transfected with NaV1.2- 
3xFLAG-IRES-EGFP and TagBFP (WT) or Cre-2A-BFP (Ank2 null), or rescued with WT or FF/QQ mutant 220 kDa ankyrin-B. The yellow boxes indicate 
zoomed in dendritic regions, shown to the right. FF/QQ is an ankyrin-B mutant that can localize to the dendritic membrane, but loses its ability to interact 
with NaV1.2. NaV1.2 localization to the AIS is maintained in all conditions due to the presence of 480 kDa ankyrin-G.
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While ankyrin/channel interactions have been studied 

extensively in axonal domains, much less is known about 

the somatic and dendritic roles of these proteins. Addi-

tionally, the mechanisms underlying differential NaV 

localization remain poorly understood. Future studies will 

aim to further elucidate how NaV and KV channels are 

differentially localized to specialized domains during 

neuronal development. Moreover, additional investiga-

tion is required to understand how ankyrin-G and 

ankyrin-B, despite their high homology, fulfill distinct 

roles in NaV scaffolding. One particularly exciting area of 

research is the characterization of ankyrin and NaV post- 

translational modifications. Studies have identified 

crucial roles for post-translational modifications, 

including phosphorylation and palmitoylation, in regu-

lating ankyrin localization, function, and interactions with 

binding partners [3,69,70]. Similarly, NaV1.2 and NaV1.6 

have been shown to undergo both phosphorylation and 

palmitoylation, among other post-translational modifica-

tions [71—73]. Interestingly, alignment of the NaV1.2 

and NaV1.6 II-III loops reveals unique potential phos-

phorylation sites near the ankyrin binding domain, as well 

as shared palmitoylation sites. Differences in post- 

translational modification activity could impact ankyrin 

and NaV function, localization, and interactions with one 

another. Furthermore, recent findings show that NaV1.2 

and NaV1.6 are sorted into distinct pools of trafficking 

vesicles via signals residing in the I-II loop of these 

channels [65]. Although further investigation is needed 

to identify the specific residues involved and the un-

derlying molecular mechanisms, it is possible that varia-

tions in post-translational modifications play a role in 

this process.

Looking ahead, continued investigation into the com-

plex localization patterns of NaV and KV channels will be 

essential for uncovering the mechanisms that govern 

neuronal compartmentalization, with promising impli-

cations for developing targeted therapies for neurolog-

ical disorders rooted in channel mislocalization.
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deletion reshapes the synaptic proteome, affecting neuronal function 
and contributing to seizure disorders. It highlights ankyrin-B as a key 
regulator of synaptic stability and excitability, offering new insights into 
epilepsy and potential therapeutic targets for seizure-related 
phenotypes.
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