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mall-conductance calcium-acti v ated potassium (SK) channels 
r e v olta ge-inde pendent K 

+ channels that acti v ate in r esponse
o a rise in cytoplasmic Ca 2 + 1 . In neurons, they are, therefore, 
 b le to r educe Ca 2 + entr y in spines and dendrites, limiting pro-
onged depolarization. SK channels can also be found in the 
oma and in axons, where they likely contribute to spike fre- 
uency adaptation. Gu and colleagues used single-particle tr ac k- 

ng 2 of SK channels in different areas of pyramidal hippocam- 
al neurons in cultures of different ages. The diffusion coef- 
cient of SK channels was determined along the maturation 

rocess of the neuronal culture using biotinylated apamin and 

tr e ptavidin-conjugated quantum dots to label the channels in 

ombination with total internal reflection microscopy. At the 
ame time, actin cytoskeleton integrity was manipulated phar- 
acologically to investigate its impact on the diffusion velocity 

f SK channels. The approach allowed tracking the diffusion of 
he channel in different compartments, which served as a proxy 
o determine the stability of actin cytoskeletal structures. Since 
ta b le actin filaments limited the distribution of SK channels, it 
 as possib le to infer how structured the actin cytoskeleton was 

long the maturation pr ocess. Importantl y, the submembrane 
ctin cytoskeleton is incr easingl y r egarded as a crucial factor for 
odulating the activity of ion channels and transporters at the 

lasma membrane (see Morache vska ya and Sudarikova 3 ). 
Neuronal function critically depends on the cytoar c hitecture 

f the neuron. The cytoskeleton plays a critical role in main- 
aining the proper neural computation that goes far beyond 

er e mechanical sta bility and shape maintenance. Specialized 

tructures crucial for neurotransmission, such as the node of 
anvier, the axon initial segment (AIS), or synaptic terminals, are 
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aintained and dynamically modulated by cytoskeletal inter- 
ctions. The knowledge of such modulatory roles has advanced 

arkedly in the last decade. For example, the AIS attracts atten- 
ion from the structural, molecular, cell biological, and compu- 
ational points of view. The organization of the AIS with periodic 
ings of actin separated by spectrin tetramers fixed to the micro- 
ubules and the plasma membrane through ankyrin 

4 offers a 
caffold for tethering and concentrating ion channels. The high 

ensity of Na + channels, if not necessary for the initiation of 
he AP, is r equir ed for temporal accuracy and ther efor e deter-

ines the bandwidth of excitation. It is ther efor e crucial for all
orms of neuronal computing. 5 Voltage-gated sodium and potas- 
ium channels, as workhorses of the action potential, are posi- 
ioned pr ecisel y thr ough the organization of the AIS, and their
istribution has been thor oughl y c har acterized (see Leterrier 6 

nd r efer ences ther ein). Sodium and certain potassium chan- 
els (Kv7.2/Kv7.3) bind to ankyrin and are therefore located in 

he r e peats wher e the r elati v e binding affinities to ankyrin deter-
ine the proportion between Na and K permeabilities 7 and con- 

equently shape the action potential. In contrast, other potas- 
ium channels (Kv1.1 and Kv1.2) are excluded from these struc- 
ures and therefore interact closely with actin-based structures. 
he interactions with actin are also more complex than initially 

hought. For example, inacti v e or “r eserv e” Kv2 channels ar e
luster ed in actin-de pendent structur es called corrals; however, 
his is not a mere physical restriction, but determines the for- 

ation of endoplasmic reticulum–plasma membrane contacts 
hat in turn is crucial for Ca 2 + signaling. 8 However, less is known 

bout other ion channels r elev ant to the modulation of signal- 
ng. For example, the localization of v olta ge-gated Ca 2 + channels 
i v es rise to distinct Ca 2 + entry microdomains, close to intra- 
ellular stores or more diffuse along the AIS 9 depending on the 
olecular identity of the Ca 2 + channel. 

The results of the study of the diffusion of SK channels 
n developing neurons allowed us to determine the gradual 
an Physiological Society. This is an Open Access article distributed under 
ns.org/licenses/by/4.0/ ), which permits unrestricted reuse, distribution, 
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increase in complexity of the submembrane skeleton in the 
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oma and dendrites of neurons up to appr oximatel y 10 d in
itr o (DIV), with minor changes after that time point. Disrup-
ion of actin filaments increased the diffusion velocity of chan-
els, indicating that actin cytoskeleton is the major player in fix-

ng the distribution of SK channels. In contrast, in the AIS, SK
 hannels w ere immobilized at an earlier time point that did not
atch the formation of the characteristic periodic actin rings.

mportantly, disruption of the actin cytoskeleton increased the
obility of SK channels at early time points when the AIS is
orphologicall y esta b lished but failed to do so after 14 DIV, in
 gr eement with the described robustness of the mature AIS,
hich once esta b lished, is maintained regardless of disruption
f microtubules. 10 

In summary, although the study of ion c hannel later al dif-
usion in neurons (and non-excitable cells) is important on its
wn, it also opens the way to detailed studies on the forma-
ion and maturation of cytoskeletal-dependent complexes like
he AIS and, ther efor e, the dev elopment of matur e signal inte-
ration in neurons. 
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