Tank binding kinase-1 interacts with the cytoplasmic C-terminus
of the Kv3.3 potassium channel
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Abstract

Results

Spinocerebellar Ataxia type 13 (SCA13), a condition that lead to cerebellar
degeneration, is caused by mutations in the KCNC3 gene, which encodes
the voltage-dependent potassium channel Kv3.3. These channels are
expressed at particularly high levels in Purkinje cells in the cerebellum, and
directly bind Hax-1, a cell survival protein required for survival of the
cerebellum. To investigate how KCNC3 mutations lead to
neurodegeneration, we generated mice bearing the G592R Kv3.3 mutation
using CRISPR Cas9 gene editing. G592R Kv3.3 channels are fully
functional as potassium channels but have abnormal interactions with
cytoplasmic signaling pathways and lead to cerebellar degeneration in
humans. A screen for protein kinases activated by this mutation revealed
that the activity of Tank-Binding protein 1 (TBK1), an enzyme that plays a
key role in the formation of multivesicular bodies, autophagy and
mitophagy, is much higher in the cerebellum of G592R Kv3.3 knock-in mice
than in that of wild type animals. Total levels of TBK1 and of phosphorylated
S6 protein were not altered by the mutation, and no differences in TBK1
activation were detected in the forebrain of mutant and wild type animals.
We found that TBK1 can be coimmunoprecipitated with Kv3.3 channels and
that this binding is significantly enhanced by the G592R mutation. To
determine sites on the Kv3.3 channel required for interaction with TBK1, we
carried out a series of gene truncations C-terminus of Kv3.3 and
determined that a stretch of amino acids in the center of the cytoplasmic Cterminus, including polyproline rich-region that contains G592R is required
for tight association of TBK1 with the channel. Using transfected cell lines,
we found that G592R Kv3.3 channels increases TBK1 activation basally
and that depolarization of the mutant channels further stimulates TBK1
activity over that produced by depolarization of wild type channels. By
immunoelectron microscopy and western blotting, we find that the
enhanced activation of TBK1 in G592R Kv3.3 knock-in mice is associated
with increased numbers of intracellular multivesicular bodies containing
Hax-1, increased levels of CD63, a molecular marker for multivesicular
bodies, and increased LAMP2 expression. No change was found in levels
of LC3B, a protein associated with autophagy. Our findings suggest that
Kv3.3 channels both physically and functionally interact with TBK1, and that
this protein complex regulate the trafficking of Kv3.3 together with the
survival protein Hax-1 into multivesicular bodies and lysosomes for
degradation.
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1. Activation of TBK1 is greater in cells and mice that express
the G592R Kv3.3 channel mutation.
2. More multiple vesicular bodies are in the mutant G592R
expressing cells.
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3. Loss of the Hax-1 may contribute to the neurodegeneration
caused by SCA13.
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