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The stoichiometry and function of the Kv4 channel complex

vary depending on the relative expression level of each

subunit
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Summary of thesis contents

Function of membrane proteins such as ion channels is often regulated by the
accessary subunits. Therefore, the stoichiometry change can give rise to the wide
variety of the biophysical properties of the complex and thus affect the cell
excitability. Kv4, a member of voltage-gated K* channel family, is expressed in
neurons and ventricular myocytes, and regulates the cell excitability. It is known
that the function of Kv4 changes with various subunits in physiological condition.
K* channel interacting protein (KChIP) and dipeptidyl aminopeptidase-like protein
(DPP) are well-known auxiliary subunits for Kv4. KChIP increases the current
amplitude of Kv4, decelerates the inactivation and accelerates the recovery from
inactivation of Kv4. DPP is known to increase the current amplitude of Kv4 and
accelerate the inactivation and the recovery from inactivation of Kv4.

The stoichiometries of Kv4/KChIP and Kv4/DPP complex have been partially
revealed by the crystal structure analysis. However, it remains unknown whether the
stoichiometries of Kv4/KChIP and Kv4/DPP complexes are fixed or variable. For
DPP, even the number of DPPs binding to one Kv4 channel has not yet been
determined. In this thesis, | addressed these questions using two methods;
two-electrode voltage clamp (TEVC) and subunit counting by single-molecule
imaging.

To examine how the expression level of KChIP affects the biophysical
properties of Kv4, | expressed human Kv4.2 and rat KChIP4 in Xenopus oocytes with
different ratios and analyzed the currents under two-electrode voltage clamp. The
recovery from inactivation of Kv4.2 was accelerated with the increase in the amount
of co-expressed KChIP4. This raised the possibility that the binding number of
KChIP4 could affect the properties of Kv4.2. To examine the effect of the number of
KChIP4 on the biophysical properties of Kv4.2, | made two tandem repeat constructs
(KChlIP4-Kv4.2, KChIP4-Kv4.2-Kv4.2) in which the stoichiometry was strictly
controlled. | expressed these constructs in Xenopus oocytes and analyzed the
currents. Because Kv4.2 is a tetramer, KChIP4-Kv4.2 was expected to form a 4:4
channel (Kv4.2:KChlIP4). Similarly, KChiP4-Kv4.2-Kv4.2 was expected to form a
4:2 channel. The 4:4 channel showed faster recovery from inactivation than the 4:2
channel, suggesting that the number of bound KChlIP4 affects the biophysical property
of Kv4.2. To directly examine whether the stoichiometry of Kv4.2/KChIP4 complex
actually changes or not, the number of bound KChlIP4 to a single Kv4.2 channel was
evaluated using the subunit counting method by single-molecule imaging of
monomeric enhanced GFP (MEGFP) fused to KChIP4. The number of bound KChIP4
was increased with the increase in the co-expressed KChlIP4, indicating that the
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stoichiometry of Kv4.2/KChIP4 complex is not fixed but changes depending on the
relative expression level of each subunit.

Next, | analyzed the stoichiometry of Kv4.2/DPP10 complex. As in the case of
Kv4.2/KChIP4 complex, to examine whether the expression level of DPP10 can
change the biophysical properties of Kv4.2 or not, | injected human Kv4.2 and human
DPP10 cRNA with different ratios and controlled the expression level of each subunit
in Xenopus oocytes. The biophysical properties of Kv4.2 such as time-to-peak or the
recovery from inactivation changed depending on the co-expression level of DPP10.
Because the previous crystal structure analysis showed that DPP6 forms a dimer on
the plasma membrane, | first analyzed the stoichiometry of DPP10 alone expressed in
Xenopus oocytes. Approximately 70% of DPP10 on the membrane existed as dimers,
whereas the rest existed as monomers. To determine the stoichiometry of
Kv4.2/DPP10 complex, Kv4.2 and DPP10 were co-expressed with different ratios
(100:1, 10:1, 1:1) and the stoichiometry was estimated using the subunit counting
method. To confirm the co-assembly of Kv4.2 and DPP10, monomeric Cherry
(mCherry) and mEGFP were tagged to Kv4.2 and DPP10, respectively. In the
subunit counting experiments, two bleaching steps were mainly observed in all three
ratios, suggesting that the stoichiometry of Kv4.2/DPP10 complex is flexible, but has
a tendency to form the 4:2 channel complex.

Taken together, I conclude that the stoichiometry of Kv4.2/KChIP4 complex
changes with no preferred stoichiometry while that of Kv4.2/DPP10 complex has a
clear preference to 4:2, and that the stoichiometry of both Kv4.2/KChIP4 and
Kv4.2/DPP10 complex changes depending on the relative expression level. As the
stoichiometry difference affects the biophysical properties of Kv4.2, the stoichiometry
change of the Kv4.2 complex is thought to have a significant impact on the
physiological function such as cardiac excitability.
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Summary of the results of the doctoral thesis screening
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