
 

 

 

Distribution of the KV4 voltage-gated K+ channel 

subunits on the plasma membrane of central neurons 
 

 
Ph.D. thesis 

 

 

Mihály Köllő, M.D. 
 

 
Semmelweis University 

Szentágothai János Neuroscience PhD School 
 

   

 
 

Supervisor:  Zoltán Nusser, D.V.M., Ph.D., D.Sc. 

 

Reviewers:  József Kiss, M.Sc., Ph.D., D.Sc. 

Zoltán Kisvárday, M.Sc., Ph.D., D.Sc. 

 

Comprehensive examination chair:   Péter Enyedi, M.D., Ph.D., D.Sc. 

Comprehensive examination committee: Gábor Gerber, M.D., Ph.D. 

       Katalin Halasy, M.Sc., Ph.D. 

 

 

Budapest 

2008 

 



 2 

INTRODUCTION 

 

Neurons have many features in common with other cells, although they are unique in 

that their primary functions are to retrieve, modify and transmit messages. Electrical impulses 

are the fastest signals found in biological systems; accordingly, they have great significance in 

the functioning of the nervous system. The electrophysiological behavior of neurons is 

determined by a spatiotemporally dispersed pattern of ionic currents at their plasma 

membrane, generated mostly by the activity of ionotropic and metabotropic neurotransmitter 

receptors. In addition to the passive electrical properties of the cell, the impact of these 

currents is determined by the distribution and properties of the voltage-dependent membrane 

conductances.  

Mammalian neurons express various voltage-gated ion-selective channels, among which 

K
+
 channels received special attention in the last decade due to their extraordinary molecular 

diversity and susceptibility to many forms of modifications. Neurons express over 70 

different types of K
+
 selective ion channel subunits, which are divided into four main 

families. The largest group (KV) encompasses 40 subtypes of 6TM voltage-gated K
+
 channel 

α subunits, which form tetrameric channels exhibiting either “delayed rectifier” (delayed 

onset of activation followed by little or slow inactivation) or “A-type” (fast activation and 

rapid rates of inactivation) properties. In the experiments presented here, we investigated the 

cell surface distributions of the Kv4.2 and Kv4.3 K
+
 channel subunits, which show A-type 

characteristics. 

 Since the development of axonal and dendritic patch-clamp techniques and highly 

specific anti-KV subunit antibodies, several studies investigated the subcellular distributions 

and distribution-dependent functions of voltage-gated K
+
 channels. For instance, dendritic 

patch-clamp studies of CA1 pyramidal cells have shown that the density of the A-type K
+
 

current increases with distance from the soma and that this prevents dendritic initiation of APs 

and limits the back-propagation of APs into the dendrites. High-resolution 

immunohistochemistry of KV subunits has led to the recognition that inhomogeneities in the 

distribution of voltage-gated K
+
 channels can occur even at the submicrometer scale. A 

number of studies reported the clustering of different K+ channel subunits on the neuronal 

plasma membrane. However, there has been controversy on the question whether the 

aggregation of channels is associated with chemical synapses. Here, we used high-resolution 

immunohistochemistry for the determination of the spatial relationship between the Kv4.2 and 

Kv4.3 channel subunits and the various specialized subcellular domains of different neurons 

of the CNS, to reveal the principles governing the distributions of these voltage-gated K
+
 

channels. 
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AIMS 

 

 

 

The general aim of the experiments discussed in this thesis was to determine the cellular 

and subcellular distributions of the KV4.2 and KV4.3 voltage-gated K
+
 subunits in 

different regions of the rat brain.  

 

 

Our specific aims were: 

 

1. to determine the cellular elements expressing the KV4.2 and KV4.3 subunits in the 

rat cerebellar cortex, hippocampus, habenular nuclei and the main olfactory bulb. 

 

2. to reveal whether the subcellular distribution of these voltage-gated K
+
 channel 

subunits is homogeneous or inhomogeneous in the plasma membrane of neurons. 

 

3. to reveal if the distribution of the channels in the plasma membrane associates 

with specific subcellular components or, conversely, channel clusters are dispersed 

randomly. 
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MATERIALS AND METHODS 

 

Tissue preparation for pre-embedding immunoreactions 

Male Wistar rats (14–101 days old), wild type and GAD67-GFP (∆neo) C57BL mice as 

well as wild type and KV4.2-/- 129/SvEv mice were deeply anaesthetized and perfused 

through the aorta with 0.9% saline for 1 min, followed by ice-cold fixatives. For 

immunofluorescence reactions the animals were perfused with fixatives containing 4% 

paraformaldehyde (PFA) and 0%-1% glutaraldehyde (GA) made up in 0.1M phosphate buffer 

(PB; pH=7.4) for 15-25 min. For pre-embedding immunogold reactions and high-resolution 

morphological investigations, rats were perfused with fixatives containing 2% PFA and 0.1-

2% GA in 0.1M sodium acetate buffer (pH=6) for 2 min followed by 1 h perfusion with 2% 

PFA and 0.1-2% GA in 0.1M borate buffer (pH=9), after which the brains were left in the 

skull overnight at 4°C. After fixation, brains were removed from the skull. Blocks were cut 

out from the cerebellum, forebrain and the olfactory bulb and kept in 0.1M PB until 

sectioning. 60 µm thick saggital (cerebellum), coronal (forebrain) and horizontal (olfactory 

bulb) sections were prepared from the blocks using a Vibratome (VT1000S, Leica 

Microsystems, Vienna, Austria). Sections were collected and washed several times in 0.1M 

PB for 3-10 hours. Tissues fixed with fixatives containing high GA concentration (≥0.5%) 

were treated with 1% sodium borohydrate in 0.1 M PB for 10 min to quench free aldehyde 

groups.  

 

Tissue preparation and low temperature embedding for post-embedding immunoreactions 

Brains were fixed as described above. 500 µm thick sections were cut from the tissue 

blocks with a Vibratome. After washing in 0.1M PB, the sections were placed into 10% 

sucrose solution in 0.1M PB for 30 min followed by 20% sucrose solution for 2 hours 

and 30% sucrose solution overnight for cryoprotection. Following this, small tissue samples 

were cut out from the cerebellum and the hippocampus and then freezed in  

-170°C liquid propane cooled in liquid nitrogen using a Leica EM CPC cryo-workstation. The 

frozen samples were then transferred to a Leica EM AFS Freeze Substitution System at -90°C 

where tissue blocks were embedded in Lowicryl HM20 with the freeze-substitution method as 

follows: methanol containing 0.5% uranyl acetate at -90°C for 33 hours. The temperature was 

increased by 5°C/h to -45°C and blocks were washed in methanol 3 times for 1 hour then 

incubated in increasing concentrations of Lowicryl HM20 (Electron Microscopy Sciences, 

Fort Washington, PA) diluted in methanol (methanol:Lowicryl 2:1, 1:1 and 1:2 each for 2 
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hours). Blocks were kept in neat Lowicryl overnight then transferred into embedding moulds 

and polymerization was induced by UV light. After 24 hours, the temperature was gradually 

increased to room temperature at 5°C/h. Following embedding, ultrathin (80 nm thick) 

sections were cut with an ultramicrotome (Leica Ultracut UCT) and collected on nickel grids. 

 

Pre-embedding immunohistochemistry 

Sections were washed in Tris buffered saline (TBS; pH=7.4; 0.05M Tris, 0.9% NaCl). 

Sections were blocked either in 10% normal goat serum (NGS), 1.5% bovine serum albumin 

(BSA) or 10% normal donkey serum (NDS) made up in TBS. Following blocking, the freely 

floating sections were incubated in primary antibody solutions diluted in TBS containing 1-

2% NGS, BSA or NDS and 0.05% Triton X-100. After several washes, sections were 

incubated in Alexa488 and Alexa594-coupled (Invitrogen, Eugene, OR), Cy3-coupled 

(Jackson, West Grove, PA) or 0.8 nm gold coupled (Aurion, Wageningen, The Netherlands) 

secondary antibodies. Ultra small gold particles were visualized with silver (EM-SE kit; 

Aurion) or gold (GoldEnhane; Nanoprobes Inc, Universal Biologicals, Cambridge, UK) 

enhancing kits as described by the manufacturers. In electron-microscopic (EM) 

DAB/immunogold double reactions, the ultra small gold particles were first visualized with 

the gold enhancement kit followed by the DAB reaction.  For visualization of biotin in 

immunofluorescent reactions, streptavidin-conjugated Alexa350 (Invitrogen) and Cy5 

(Jackson) or Oregon Green 488 tyramide (Invitrogen) was used.  All tissues for EM were 

treated with 0.5-2% OsO4, 0.5-1% uranyl acetate, were dehydrated and embedded into Epoxy 

resin (Durcupan, Fluka) between a slide and a cover slip allowing light microscopic (LM) 

examination of the labeling before EM examination. 

 

 Post-embedding immunohistochemistry 

The ultrathin sections were washed in double distilled water and dried. The 

immunoreaction was carried out on drops solutions. After blocking in TBS-T (pH=7.4; 0.05M 

Tris, 0.08% NaCl, 0.1% Triton) containing 0.1% sodium borohydrate and 50 mM glycine and 

washing in TBS-T, sections were incubated in blocking solution for 30 min. The blocking 

solution consisted of TBS-T containing 2% bovine serum albumin (BSA). The sections were 

incubated overnight in primary antibodies made up in blocking solution at room temperature. 

This was followed by washing and incubation with colloidal 10 nm gold coupled goat anti-

rabbit secondary antibodies (British BioCell Intl., Cardiff, UK) made up in blocking solution 

for 2 hours. After washing in TBS-T and distilled water, sections were contrasted with uranyl 

acetate for 35 min and lead citrate for 2 min. 
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Image acquisition  

Images were taken with a fluorescence microscope (BX-62; Olympus, Tokyo, Japan) 

equipped with a CCD camera (DP30BW; Olympus) or with a confocal laser scanning 

microscope (FV1000; Olympus). For some images (as indicated) in order to increase focus-

depth, Z-plane image stacks were captured and collapsed by extended focal imaging into a 

single image using the software package ‘Cell’ (Soft Imaging System, Munster, Germany).  

In EM investigations, digital images were captured with a cooled CCD camera 

(Cantega; Soft Imaging System) fitted on a JEOL JEM-1011 electron microscope.  

 

Quantification and statistical methods 

The influence of relative position of GABAergic interneurons in cerebellar molecular 

layer on the frequency of somatic clusters was estimated as follows. In double 

immunofluorescent reactions, the presence of clustered labeling for KV4.3 was assessed in 

263 parvalbumin labeled interneuron somata in 4 rats, and described by a binary variable. The 

distance of the cells from the Purkinje cell layer was measured using the ImageJ software 

(Rasband, W.S., ImageJ, U.S. National Institutes of Health, Bethesda, Maryland, USA, 

http://rsb.info.nih.gov/ij/, 1997-2007) and normalized to the local thickness of the molecular 

layer. Interactions between the two variables were assessed by logistic regression (data were 

clustered by animals). 

Immunofluorescent co-localization of KV4.3 subunits (KV4.3-M or KV4.3-G) and PV, 

NPY CB and CCK was quantitatively analyzed in the CA1 region of the dorsal hippocampus 

in three rats. For each animal and each double labeling reaction, 8-14 images (10X) were 

captured in which the KV4.3 immunoreactivity of 18-50 neurochemical marker-positive 

interneurons was tested.  
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RESULTS 

 

Specificity of the immunoreactions 

In order to verify that under the given experimental conditions the studied 

immunosignal was due to specific antibody-antigen interactions, we performed control 

experiments. First, double immunofluorescent reactions were carried out with two specific 

antibodies, raised against different, non-overlapping epitopes of the KV4.2 subunit, and two 

antibodies for the KV4.3 subunit. Identical labeling was obtained with the two different 

antibodies for both subunits, providing evidence for the specificity of the labeling. For further 

verification of the specificity, experiments were performed with the anti-KV4.2 antibodies on 

brain sections of KV4.2 knock-out (KV4.2-/-) mice. The labeling pattern in control mice was 

very similar to that obtained in rats. The disappearance of the labeling in KV4.2-/- mice 

demonstrated that all signals obtained under our experimental conditions were due to specific 

antibody-KV4.2 subunit interactions. A specificity test for one of the anti-KV4.3 antibodies 

applied here was also carried out in a previous study, by using KV4.3-/- mice. 

 

Distribution of the KV4.2 and KV4.3 subunits in the cerebellum 

In the cerebellar cortex, the most prominent labeling for the KV4.3 subunit was found in 

the molecular layer, where we observed immunopositive interneurons (stellate cells). 

Examination of the reactions at high magnifications revealed an uneven distribution of the 

KV4.3 subunits in these cells. Strongly positive clusters in the somatic, proximal and distal 

dendritic locations dominated the weaker, homogeneous labeling on the somato-dendritic 

plasma membranes. Reconstructions of individual neurons revealed that single cells contained 

dozens of clusters. EM examinations of the immunogold reactions also revealed an uneven 

distribution of subunits along the somato-dendritic plasma membranes of INs. A low density 

of immunogold labeling was found over the largest part of the plasma membrane, but 

occasionally strongly immunopositive clusters were also observed. We observed that the 

placement of clusters was not random, but the enrichments were consistently found in regions 

of the IN plasma membrane that were in direct contact with climbing fiber axons (CF), which 

were identified by their fine structural characteristics. Double LM immunofluorescent and 

EM immunoperoxidase-immunogold localizations of the KV4.3 subunit with vesicular 

glutamate transporter 2 (vGluT2) provided molecular evidence that the axons were indeed 

CFs.  

In reactions with optimal ultrastructural preservations, the association of high density 

gold particles with unique membrane specializations was apparent. A rigid apposition of 
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axonal- and dendritic membranes was clearly visible with some thickening of the membranes.  

The extracellular space, however, was narrower than the synaptic cleft of neighboring 

chemical asymmetrical synapses on Purkinje cell, no obvious polarization could be observed 

between the axon terminal and the plasma membrane of interneurons, and we never observed 

vesicle clusters or docked vesicles at these specializations. Thus, the ultrastructural 

appearance of these junctions markedly differed from chemical or electrical synapses. 

 To gain further insight into the nature of these junctions, we performed 

immunoreactions to localize transmitter receptors. We found no evidence for the presence of 

the GluR2/3 glutamate receptors which, however, are present in the chemical synapses 

formed by the CFs. Immunoreactions labeling the NR2A/B receptors and mGluR1α also 

demonstrated the lack of enrichment of these NMDA and metabotropic receptors in the 

junctions. Although excluding the presence of all chemical synapse-associated proteins from 

CF-IN specializations seems an impossible task at present, our data indicate that these K
+
 

channel-rich specializations are distinct from excitatory synapses. 

 

Distribution of the KV4.2 and KV4.3 subunits in the hippocampus 

In the hippocampus, we have found that the KV4.2 subunits are present in the dendritic 

domains of pyramidal cells of the CA1 and CA3 and also in the molecular layer of the dentate 

gyrus. In contrast to this, we have found that in the CA1 the KV4.3 subunits are enriched in 

GABAergic interneurons. Double immunofluorescent labeling of the KV4.3 subunits with 

hippocampal interneuron marker protein antibodies revealed that the immunopositive neurons 

form a diverse population. Examination of the KV4.3 subunit immunopositive CA1 

interneurons at high magnifications revealed that the distribution of the channels is uneven on 

the somatic and dendritic plasma membrane. EM examination showed in some cases an 

enrichment of gold particles in membrane specializations similar to those found in the 

cerebellum. These clusters were consistently found at contact sites with axon terminals, which 

established symmetrical synaptic junctions with other dendrites, but only occasionally with 

those expressing the KV4.3 subunit cluster. Gold particles for KV4.3 subunits were not 

exclusively present within these clusters, but a low density labeling was found over the entire 

somato-dendritic plasma membrane. 

 

Distribution of the KV4.2 and KV4.3 subunits in the medial habenular nucleus 

Prominent colocalization of the two subunits was observed in the medial habenular 

nucleus. These cells contained clustered immunoreactivity on the parts of their cell body that 

are in direct contact with neighboring somata. The EM immunogold analysis confirmed the 
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clustered distribution of KV4.2 subunits in the somatic membranes of habenular neurons. Gold 

particle clusters were present in both membranes forming the membrane specializations, 

consistent with the fact that the neuronal elements at both sides of the specializations are 

identical and express this subunit. Interestingly, the clusters of immunogold particles labeling 

the K
+
 channels in the two membranes were located symmetrically opposite to each other, 

showing the link between the distributions of ion channels of the two contacting cells.  

Double immunofluorescent reactions also revealed the co-clustering of the K
+
 channel 

interacting protein KChIP1 with KV4.2 in these clusters, providing an additional proof for the 

specificity of our immunoreactions for KV4 K
+
 channels, and showing that in such junctions, 

various elements of the A-type K
+
 channel multimolecular complex are present. 

 

Distribution of the KV4.2 and KV4.3 subunits in the main olfactory bulb 

In the main olfactory bulb (MOB), a surprising variety of cell types expressed KV4 

subunit clusters and the characteristic membrane specializations. The strongest labeling for 

the KV4.2 subunit was observed in the granule cell layer (GCL) and external plexiform layer 

(EPL).  In addition, a small number of immunoreactive cells were apparent in the glomerular 

layer (GL).  For the KV4.3 subunit, the strongest labeling was seen in the GL, whereas the 

GCL and EPL showed moderate immunoreactivity 

 On a subset of granule cells (GCs) strong clustered labeling for one or both subunits 

was observed. Antibodies against the KV4.3 subunit also revealed clustered distribution on 

deep short-axon cells (dSACs). In EM immunogold reactions for the KV4.2 subunit we found 

that the high density clusters of immunogold particles were located in the plasma membrane 

of GCs at sites where they were in direct contact with the somata or dendrites of other GCs.  

Similarly to the neurons of the medial habenula, the plasma membranes of both GCs were 

strongly immunopositive for the KV4.2 subunit at these locations and the clusters were 

arranged symmetrically in the two cells. We also found KV4.2 subunit-rich junctions in the 

EPL between GC dendrites. The KV4.3 subunit clusters in the dSACs were consistently 

located in junctions between dSACs and GCs. In these junctions, only the dSAC plasma 

membrane contained a high density of K
+ 

channels.  

The main principal cells of the MOB, the mitral cells, also expressed clusters of the KV4 

channels. Between the somata of these cells junctions were found containing both subunits. 

Here, similarly to the GCs and habenula cells, both plasma membranes contained clusters, 

symmetrically. A remarkable observation was made on the distribution of KV4.2 subunits in 

the lateral dendrites of mitral cells. We have found that mitral cell lateral dendrites in the EPL 

frequently contained KV4.2 subunit positive clusters where they were in direct contact with 
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GC dendrites.  Following thorough analysis of the reaction we noticed that certain GC 

dendrites consistently displayed KV4.2 subunit immunopositive asymmetrical junctions, 

whereas other, morphologically identical granule cells did not induce clustering in the same 

mitral cell dendrites.  

External tufted cells in the glomerular layer also contained KV4.2 subunits in strong, 

clustered distribution. Our EM examinations revealed that the clusters were present at 

junctions between ETCs and periglomerular cells (PGC, GABAergic interneurons of the 

juxtaglomerular region). In these junctions, only the ETC plasma membrane was labeled. At 

the LM level, the periglomerular region also contained strong KV4.3 reaction, apparently on 

the plasma membrane of small PGCs. However, EM examinations revealed that not the PGC 

plasma membrane, but very thin glial sheets surrounding these somata contained the high 

density of K
+
 channels. Interestingly, only those parts of the glial plasma membrane contained 

strong K
+
 channel labeling, which were in direct contact with the surrounded neuron. Finally, 

we found strong KV4.2 labeling in other glial sheets, which surrounded mitral cell apical 

dendrites. 

In the MOB, we found several examples of A-type K
+
 channel-rich junctions, which 

were similar to those observed in the cerebellum. These junctions were also distinct 

morphologically from chemical synapses, showing no pre- or postsynaptic specializations. In 

addition, we found junctions between the somata of cells that do not contain the molecular 

machinery needed for chemical synaptic communication and do not have somato-somatic 

chemical synapses. 
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DISCUSSION 

 

In the experiments presented here, we found evidence, that the KV4.2 and KV4.3 A-type 

K
+ 

channel subunits are enriched in dense clusters on the surface of various neurons of the rat 

brain, and first demonstrated that the clusters are not randomly distributed on the plasma 

membrane, but are associated with non-synaptic intercellular junctions formed between 

specific cell types. Our examinations revealed that the membrane specializations observed at 

these junctions are different from chemical synapses.  

The regional and cellular distributions of the two subunits were found to be different. 

However, in some cells we have found colocalization at the submicrometer scale, including a 

small population of INs in the cerebellum, neurons of the medial habenular nucleus, mitral 

cells and a small fraction of the olfactory granule cells. Our observations suggest that these 

subunits may form heteromultimeric assemblies in vivo in these neurons. Alternatively, 

homomultimeric channels assembled from the two subunits may be guided by the same 

factors to these membrane domains.  

In accordance with the results of other studies, we have found in all labeled cells that 

these KV4 subfamily subunits are distributed on the somato-dendritic plasma membrane and 

are absent from axonal membranes. The most striking aspect of the observed cell surface 

distributions of the KV4.2 and KV4.3 subunits was the presence of the spatially confined 

(approx. 1-5 µm diameter) clusters, in which the density of the immunoreactions was much 

higher. Such enrichments of the KV4.2 subunit were observed in olfactory mitral cells, 

granule cells, tufted cells and habenular cells, whereas we found clusters of the KV4.3 subunit 

in cerebellar stellate cells, hippocampal INs, habenular cells as well as in mitral cells, granule 

cells and short axon cells of the olfactory bulb.  

Our detailed EM examinations revealed the surprising fact, that these clusters are 

always located at plasma membrane segments, which, through the extracellular space, are in 

contact with certain types of neurons. Accordingly, in the cerebellar molecular layer INs we 

only detected KV4.3 subunit clusters in conjunctions with climbing fibers, and never in 

conjunctions with mossy fibers or GABAergic boutons. Similarly, clusters of the KV4.2 

subunit in olfactory ETCs are always associated with the presence of PG cell somata or 

dendrites, and such clustering was never observed with axonal or other dendritic contacts. 

Another finding of our EM experiments was the specialization of the plasma membranes at 

these contact sites. These junctions, characterized by the thickening, increased electron 

density and a rigid apposition of the two apposing plasma membranes, on the other hand, did 

not share the EM morphology of chemical synapses. We have not found presynaptic vesicles, 
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postsynaptic specialization or the typical widening of the extracellular space. Also, these 

junctions were found between processes where no synapses have been ever reported, for 

instance at cerebellar IN – CF contacts, or between somata of ETCs and PGCs. Finally, we 

have found no evidence for the enrichment of neurotransmitter receptor molecules in these 

junctions, providing further evidence that these junctions are distinct from classical chemical 

synapses. However, the correlation between the distribution of these A-type K+ channels and 

the cell-type specific inter-cellular junctions implies their role in intercellular interactions. 

The importance of intercellular interactions in the distribution of KV4 channels became 

even more evident in junctions, where both cells enriched the K
+
 channels. Such 

‘symmetrical’ junctions were found between neurons of the medial habenular nucleus as well 

as mitral and granule cells of the main olfactory bulb. In these junctions, we found that the 

KV4 subunit clusters in the two cells were consistently opposite to each other. The fact that 

the distribution of KV4 channels in one cell predicts the distribution of K
+
 channels in the 

neighboring cell is an additional implication that these channels may play role in inter-

neuronal communication. We also noticed that ‘symmetrical’ junctions are formed when two 

cells of the same type establish junctions, whereas when conjunctions are made by cells of 

different types, only one membrane contains a high density of K
+
 channel subunits. However, 

the possibility is open that in the ‘asymmetrical’ cases, some other K
+
 channel subunits (e.g. 

delayed rectifiers) are present on the other side of the specialization.  

The most intriguing question raised by our results is what the functional roles of these 

A-type voltage-gated K
+
 channel-rich junctions are. Our results show that in the plasma 

membrane of KV4 subunit-expressing neurons, the close vicinity of certain cells correspond to 

the enrichment of K
+
 channels and the formation of a specialized membrane junction. Thus, 

the channels may potentially play a role in a sort of intercellular interaction. Even though no 

functional data is available at the moment, based on theoretical considerations, rational and 

testable hypotheses can be formulated. First, although we excluded the presence of some 

glutamate receptors in these junctions, a vast number of transmitters and receptors are known, 

some of which (including gas neurotransmitters such as NO) do not require vesicular release 

machinery. Therefore, it remains to be shown, whether the molecules necessary for the 

production, release and reception of different neurotransmitters are present in these junctions. 

A second possibility is that upon the activity of one of the cells, significant increases of the 

extracellular K
+
 concentration occur in these junctions, which can shift the membrane 

potential of the other cell, representing an interaction mediated by extracellular K
+
 ions. A 

third possible mechanism involves the dipeptidyl aminopeptidase related proteins (DPP), 

which are associated proteins of the KV4 channels, and which can modulate the molecular 
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properties of the channels. DPPs have large extracellular domains and are related to cell 

adhesion proteins. If the activation of the KV4 channels causes conformational changes in its 

associated DPP protein, through protein-protein interactions, it could transmit the information 

through the extracellular space to DPP proteins in the plasma membrane of the other cell. 

Finally, it is important to note, that voltage-gated ion channels are not only the targets of 

modulation by intracellular signaling, but can themselves directly influence biochemical 

events in ways that do not directly depend on their ion conducting function. Therefore, it is 

also possible that the role of the observed junctions is independent of the ion channel function 

of KV4 proteins. For instance, the K
+
 channel multimolecular complexes can play role in cell 

adhesion or in intracellular biochemical pathways.  

In addition to the clustered distribution of the KV4.2 and KV4.3 channels, our 

experiments yielded other observations. We have revealed that the juxtaglomerular region of 

the rat MOB contains glial cells that encompass the somata of some interneurons with sheet-

like processes, which processes show a cell contact-dependent concentration of the KV4.2 and 

KV4.3 subunits. The functional significance of these channels is yet unknown, but they might 

play a role in synchronization of glial functions to neuronal activity.  

The experiments, which formed the basis of this thesis, revealed fundamental facts 

about the arrangement of the KV4.2 and KV4.3 A-type K
+
 channel subunits in the neuronal 

plasma membrane. We found evidence that clustering of these channels is associated with 

specific inter-neuronal junctions. We also described and characterized a novel membrane 

specialization at these junctions. Based on theoretical considerations, we suggested a few 

hypotheses about their functions. Future research in this field may reveal important 

information about the physiological and pathological functioning of the brain. 
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