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Abstract

We have identified a hSK3-transcript, hSK3_exc,
which is generated by alternative splicing. Isoform
hSK3_ex1c lacks the cytosolic N-terminus and the first
transmembrane helix and is exclusively expressed in
non-neuronal tissues. hSK3 transfected tsA cells
showed a Ca?*-activated K* current in patch-clamp
experiments, whereas hSK3_ex1c transfected cells
and cells co-transfected with both isoforms did not.
We fused both isoforms to fluorescence proteins and
observed hSK3 localization predominantly in the
plasma membrane. The co-expression of hSK3 +
hSK3_ex1c resulted in their cytoplasmic co-
localization. Thus, hSK3_ex1c¢ has a dominant-
negative effect on hSK3 by preventing its transport
into the plasma membrane.

Copyright © 2004 S. Karger AG, Basel

Introduction
Small conductance calcium-activated potassium
channels (SK channels) form a distinct subfamily of

potassium channels, which comprises three members,
SK1 to SK3 [1]. Their subunits have six transmembrane

helices, a P-loop region between the fifth and sixth
transmembrane helix and cytosolic N- and C-terminal
regions. All members are voltage-independent and their
activation by elevated cytosolic Ca?* concentrations is
mediated via calmodulin [2-5]. They are involved in
modulating neuronal firing [6, 7].

Alternative splicing is assumed to increase the
functional diversity of potassium channels and might also
be involved in the regulation of whole-cell current
amplitude [8]. Alternative splicing within the SK channel
subfamily has been shown only for SK1 [9, 10] and SK3
channels [11, 12]. In the case of SK3 channels two
isoforms have been described. One isoform shows an
altered outer pore region which changes its pharmaco-
kinetic properties [12]. The other one lacks a cytosolic
N-terminal region and the first transmembrane helix. This
isoform is shown to have a dominant-negative regulatory
effect on SK channels [11] and is shown to be expressed
in neuronal tissues.

Here we describe an additional non-functional
hSK3-isoform, ASK3 exlc, which is generated by
alternative splicing and is co-expressed with ASK3 in
lymphocytes, lung and skeletal muscle but contrary to
the isoform previously reported by Tomita et al. [11],
hSK3 exlc is absent in neuronal tissues. Since this
isoform is shown to have a dominant-negative effect on
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hSK3, it possibly regulates SK3-channel activity in
non-neuronal tissues.

Materials and Methods

If not assigned otherwise, all standard chemicals were
obtained from Sigma (Germany). Scyllatoxin was obtained from
Latoxan (France).

RT-PCR

Reverse transcription (RT) was carried out on 2 ug of
total RNA from adult and fetal whole brain, lung, heart, skeletal
muscle (Research Genetics) and a B-lymphocyte cell line
(extracted using the RNeasy extraction kit, Qiagen) using
superscript II (Invitrogen) according to manufacturer’s protocol.
Furthermore, as an additional template, a cDNA library from six
to eight week old whole human embryos (gift from Dr. Francis
Poulat, CNRS France) was used. #SK3 exlc transcripts were
amplified using the primers II1-F1 (cctgccacgegacatctg) and
R10 (gacacctttcccacagtatg) and ASK3 transcripts with the
primers ASK3-F (gctctcttggggtttgt) and R10. Primers GAPDH-
F (gggcegectggtcaccacgg) and GAPDH-R
(ctgatgatcttgacgctgttg) were used as controls for the RT
reaction and to test for any contaminating genomic DNA. PCR
was carried out in a RT reaction mix without RNA, water and
genomic DNA as a negative control.

c¢DNA construction

IMAGE clone 686525 was obtained from a cDNA library
from human tonsillar cells, which were enriched for B cells and
was distributed by the RZPD (AA255937, resource centre of
the German human genomic project, RZPD:
IMAGp998C061678). The entire coding region of isoform
hSK3 exlc was amplified from the IMAGE clone 686525 using
the primers hSK3 1c-F1
(aaaaactcgagccaccatggagagacctataaaggac) and ASK3-R1
(aaaatggatccccgcaactgettgaacttgtgta) and cloned into
pDsRED2-N1 (Clontech) via Xhol/BamHI sites. It encodes the
fusion protein ASK3 ex1c-DsRED. The entire coding region of
hSK3 was amplified with the primers ASK3-Fl1
(aaaatggatccccgeaactgcettgaacttgtgta) and ASK3-R1 and cloned
via BamHI/Xhol into pEGFP-N1 (Clontech). It encodes the
fusion protein ASK3-eGFP. In ASK3 ex1c-DsRED and ASK3-
eGFP the fluorescent protein is fused to the C-terminal region
of ASK3 and ASK3 exlc. The N-terminal coding part of
hSK3 exlc was isolated by HindIII/Sfil digestion from clone
hSK3 exlc-DsRED and was used to replace the HindIII/Sfil
fragment in the clone pHygro-ASK3Q19 (a gift from Dr. Heike
Jager, University of Ulm) in order to generate an untagged
hSK3_exlc construct.

Cell culture

tsA201 cells (tsA cells), a HEK cell line stably transfected
with the SV40 T-antigen (formerly called s93/tsA1609neo) were
used for all experiments [13, 14]. tsA cells were cultured in
MEM medium containing glutamax-I and Earle’s salts (GIBCO,

Germany) and 10 % fetal bovine serum. A mixture of 0.5 ug
plasmid DNA encoding pEGFP-N1 (Clontech) and 2 pg of
plasmid DNA (pHygro-ASK3_ex1c and pHygro-2SK3Q19) were
transfected into tsA cells using FUGENE 6 (Roche) according
to the manufacturer’s protocol. Plasmids ASK3 ex1c-DsRED
and #SK3-eGFP were transfected without any transfection
marker. Three to four days after transfection, cells were
suspended and transferred to poly-lysine coated glass slides
prior to further usage.

Patch-clamp experiments

Experiments were carried out using the whole-cell
recording mode of the patch-clamp technique [15]. Electrodes
were pulled from glass capillaries in two stages and fire-polished
to resistances of 3.5 to 4 MQ when filled with internal solution
(inmM: 135 potassium aspartate, 2 MgCL,, 10 HEPES, 10 EGTA
and 8.7 CaCl, corresponding to [Ca®']_ of 1 uM, pH 7.2).
Membrane currents were measured with an EPC-9 amplifier
(HEKA elektronik, Germany) using Pulse and Pulsefit (HEKA
elektronik, Germany) as acquisition and analysis software. The
cytosolic Ca*'-concentration was adjusted to [Ca*] =1uM
by whole-cell dialysis with internal solution. Na*-solution (in
mM: 160 NaCl, 4.5 KCI, 2 CaCl,, 1 MgCl,, 5 HEPES, pH 7.4) and
K'-solution (in mM: 164.5 KCl, 2 CaCl,, 1 MgCl,, 5 HEPES,
pH 7.4) were used as external solutions. The membrane potential
was held at -80 mV (in Na*-solution) or 0 mV (in K*-solution),
clamped to -120 mV for 50 ms followed by 400 ms ramps from
-120 to +60 mV. In between ramps the potential was clamped
again to -80 mV (in Na*-solution) or 0 mV (in K*-solution).
Whole-cell conductance was calculated from the slope of the
ramp current measured between -90 mV to -70 mV. The whole-
cell conductance observed in the presence of Na*-solution was
presumed as background conductance and therefore subtracted
from those conductances, found in the presence of K*-solution
with and without scyllatoxin (ScTX). The fractional
conductance was defined as the ratio between the conductance
found in K*-solution and the conductance observed in K*-
solution with and without ScTX. Data are given as mean =+
SEM.

Intracellular localization of hSK3-isoforms

Cells were washed with PBS buffer and were observed in
PBS buffer without any fixation. For selecting cells, fluorescence
was excited using a 100 W mercury lamp. GFP and DsRED
fluorescence were assessed independently (GFP: Excitation
465 nm, band width 15 nm ; emission 520 nm, long pass filtered;
DsRED: Excitation 520 nm, band width 20 nm; emission 630 nm,
band width 30 nm). Confocal assessment was carried out using
the Laser Scanning System Radiance 2000 (Biorad) attached to
an inverted Microscope (Nikon Eclipse TE300, Nikon). A
PlanApo 60X oil objective (Nikon) was used for all confocal
measurements. Data recording and analyses were carried out
using the Lasersharp 2000 software package (Biorad). GFP
fluorescence was excited with the 488 nm line of an argon laser
and emission was measured using an HQ510/30 filter (Nikon).
DsRED fluorescence was excited with the 543 nm line of a green
HeNe-laser and emitted light was long pass filtered using a
E600/LP filter (Nikon).
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Fig. 1. Isoform ASK3 exlc is
generated by alternative splicing. A)
cDNA and protein sequence
comparison of ASK3 and
hSK3 exlc. Small letters represent
untranslated and capital letters
translated regions. Identical
nucleotides are shown as + and exon
boundaries with arrowheads. Exons
1, 2, and lc are assigned. Protein
sequences according to the shown
cDNA regions are given. Amino
acids within the transmembrane
helices S1 and S2 are shown in bold
letters and are underlined. B)
Genomic sequence spanning exon
1c. The cDNA region from positions

A)

ggcacgagggtgctgctcagtgtcaaatgaacagg gtcagctt g 68 hSK3_exlc

tgagctggcacctactccttagagettgetgataccaggectgecacgegacatctgcaaggaagttgtttggtgttt 147 hSK3_exlc

Exonic Exon2
M E R P I K D S M F S8 L A L K 15
tgc ttc agg tta tag ATG GAG AGA CCT AT+ ++¥ 44+ ++ +++ +++ +H++++ +++ +++ +++ 207 hSK3_exic
GAG ACC GAG CTC TCT TGG GGT TTG TAC TCA uci' GAC TCC ATG TTT TCGTTG GCC CTG ARA 960 hSK3

E T B L S W 66 L Y 8 K D 8 M F S8 L_ A L K 320
81 Exon1 Exon2 82
B)

10861 catttttcttaaaggacaggag tgctgectcagtgtcaaatgaacaggaaagtcagcttaa
10921 aggacactccttacagggactgagctggcacctactccttagagecttgetgataccaggee
10980 tgccacgcgacatctgcaaggacagttgtttggtgttttgcttcaggttatag ATG GAG
11041 AGA CCT ATA ARG gtgggtgccctgcccaggttacccagtaggtagggaggaggaage

10 to 180 (shown as bold letters) is
flanked by typical splice acceptor
and donor sites (underlined). C)
Organization of the genomic region
spanning exons 1, Ic, and 2 and a
scheme for alternative splicing.
Distances between the exons are
given. Schemes for both cDNAs are
shown below. Broad boxes represent
the ORF and narrow boxes the UTRs.

Exon 1

C)

9,

Exon 1c Exon 2

167 bp 37,502 bp 49,708 bp to exon3

1000 bp
E2 E3 E5 EGE7ES E9

51852 83 8485 P S6

(12 2 210 ET 11 e hSK3

The Exons (E1, Elc, to E9), both
CAG repeats and transmembrane
helices S1 to S6 and the P-loop are
shown. D) Presumed topology of
hSK3 and ASK3 exlc subunits.

=T ZEMMETIT = hsK3 exlc

Elc

D)

hSK3_exic

Results

The insert of IMAGE clone 686525 spanned 1984 bp.
Its sequence is identical to the original known ASK3
sequence (Accession no.: AJ251016) 3’ from position 928
of the #SK3 ORF but it differs 5’ from this position (Figure
1A). Except for a 10 bp region from the 5° end of the
IMAGE clone, the differing cDNA sequence overlaps
with the genomic sequence (Accession No.: AF336797)
from positions 10882 to 11052 and is flanked by typical
splice acceptor and donor sites (Figure 1B). The remaining
10 bp 5’ region of the cDNA could not be detected in the
genomic sequence, neither by blast search, nor by
sequence comparison with the sequence of the ASK3/
KCNN3 gene (AF336797). This might indicate that there

may be an additional, still unknown exon within the #SK3/
KCNN3 gene. The detected transcript represented by
IMAGE clone 686525 was generated by alternative
splicing and we have named it #ASK3 exlc (Figure 1C).
The longest ORF in the newly identified cDNA starts at
position 163 (Figure 1A) and encodes an #SK3 isoform
that lacks the first transmembrane helix and the cytosolic
N-terminal region of ASK3 (Figure 1D). Its extracytosolic
region is 7 amino acids longer than that of ASK3-1B [11].

The expression of ASK3 and ASK3 exlc was
investigated by RT-PCR (Figure 2). Transcripts encoding
hSK3 were observed in all tissues tested as well as in the
human embryonic ¢cDNA library. Contrary to this,
hSK3 exlc transcripts were only observed in lung,
skeletal muscle and the B-lymphocyte cell line, but were

hSK3 exlc, a dominant-negativ isoform of A/SK3

Cell Physiol Biochem 2004;14:23-30 25



Fig. 2. Expression of #SK3 and
hSK3_exlcisoforms using RT-PCR.
The expected fragment length of the
PCR products and the transcripts’
names are given on the left hand
side. RNA sources are given above
each lane (cDNA: ¢cDNA library
form six- to eight-week old human
embryos, LCL: lymphocyte cell line).
Plasmid DNA (plasmid) was used as
positive control. PCR was carried
out on the reverse transcriptase
reaction mix without RNA
(RT(-)RNA), water, and genomic

hSK3 661 bp

hSK3_ex1c 709 bp

DNA (DNA) were negative

controls. In order to confirm the reverse transcriptase reaction, PCRs were carried out using glycerin-aldehyde-dehydrogenase
specific primers (GAPDH; RNA(+)RT). Since these primers also amplify genomic DNA, they were used to test for contaminating
genomic DNA (GAPDH; RNA only) using the tested RNAs without prior reverse transcriptase reaction as a template.

absent in the cDNA library derived from 6 to 8-week old
human embryos, heart, fetal and adult brain. Therefore
we were interested in the functional properties of the
newly identified isoform.

Since both isoforms were shown to be co-expressed
in several tissues we also investigated the effect of
hSK3 exlc expression on #SK3, by co-expressing them
in tsA cells (Figure 3). The data represent results from
three independent transfection experiments. tsA cells
expressing isoform ASK3 alone showed a whole-cell
conductance of 1.6 + 0.3 nS (n=7) with Na*-solution as
bath solution, which was increased to 5.4 + 1.2 nS (n=7)
when the external solution was exchanged to K*-solution.
Current amplitudes corresponding to much higher whole-
cell conductances were described in a previous report
for rSK3 expressing HEK293 cells [16]. Even in this study
the published current amplitudes varied between different
experiments. Therefore, the comparable low current
amplitudes observed here are most likely due to the applied
expression system. In the presence of 10 nM ScTX in
K*-solution, a mean whole-cell conductance of
1.9 + 0.4 nS (n=7) was observed.

Whole-cell conductances found with Na*-solution
as external solution were assumed to be background
conductances and were therefore subtracted from those
observed in K*-solution with and without ScTX. After
subtracting the background conductance, the fraction of
remaining conductance in the presence of 10 nM ScTX
in K*-solution was calculated as the fraction of whole-
cell conductance with K*-solution as bath solution to be
0.22 £ 0.04 nS (n=7). ASK3 exlc expressing cells
showed a whole-cell conductance of 0.6 + 0.1 nS (n=12)
in Na*-solution which did not significantly increase in K*-

solution (0.8 = 0.1 nS; n=12). A similar situation was
observed, when tsA cells co-expressed both isoforms
(whole-cell conductance of 0.4 + 0.1 nS; n=12 for Na*-
solution and 0.6 = 0.1 nS; n=12 for K*-solution). This
indicates, that the isoform ASK3 exlc is able to reduce
SK3 currents, if it is co-expressed with the functional
hSK3 isoform. A similar effect was described for the
hSK3-1B isoform [11]. In that case it was shown that
hSK3-1B was able to trap #SK3 subunits in the cytoplasm,
which could explain the reduction of SK3 whole-cell
currents. We assumed a similar mechanism for the
isoform ASK3 exlc described here. Therefore we
investigated the intracellular localization of ASK3 and
hSK3 exlc. We fused both isoforms at their C-termini
to different fluorescent proteins and expressed them in
tsA cells (Figure 4). The data represent the results from
two independent transfection experiments. Cells
expressing isoform ASK3 fused to eGFP (hSK3-eGFP)
showed a whole-cell conductance of 21.2 = 8.2 nS (n=13)
with Na*-solution and 63.0 + 16.4 nS (n=13) with K-
solution as external solutions. This conductance in K*-
solution was reduced by 10 nM ScTX (27.1 + 8.8 nS;
n=13), that corresponds to a fractional conductance of
0.16 = 0.04 (n=13) of the remaining current, when the
background conductance is subtracted. Interestingly, the
whole-cell conductance of cells expressing #SK3-eGFP
was strongly increased compared to those cells expressing
the wild type ASK3 without the fused GFP. Cells
expressing isoform ASK3 exlc-DsRED (ASK3 exlc
fused with its C-term to DsRED) did not show any
increased whole-cell conductance after changing the bath
solution from Na*-solution (0.3 + 0.1 nS; n=9) to K*-
solution (0.7 + 0.1 nS, n=9). This, however, was the case
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Fig 3. Expression of isoforms #SK3 and #SK3 exlc in tsA
cells. Isoforms #SK3 and #SK3_ex1c were transiently expressed
in tsA cells and currents were measured in the whole-cell mode
of the patch-clamp technique with 1 uM free internal Ca?* and
Na*-solution and K*-solution as external solutions. SK3
currents were blocked by adding 10 nM ScTX to K*-solution.
Representative current traces for cells expressing ASK3 (A),
hSK3 exlc (B) and for cells co-expressing both isoforms (ASK3
+ hSK3 exlc; C) are shown above. Whole-cell conductances
found for each experiment are shown in diagram D. Whole-cell
conductance found in Na*-solution was assumed as
background conductance and was therefore subtracted from
currents measured in K*-solution with and without 10 nM ScTX.
10 nM ScTX blocks SK3 currents. Cells expressing #SK3_exlc
and those co-expressing both isoforms did not show
conductance above 1 nS and therefore ScTX was not tested
on these cells.

when ASK3-eGFP and A#SK3 exlc-DsRED were co-
expressed (1.9 £ 0.4 nS in Na*-solution and 10 £ 2.7 nS
in K*-solution; n=12). The remaining whole-cell
conductance in K*-solution in the presence of 10 nM
ScTX was found to be 5.5+ 1.7 nS (n=8), which
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Na*-solution
8cTX
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hSK3-eGFP hSK3_ex1c-DsRED +
hSK3_ex1¢c-DsRED

Fig 4. Expression of isoforms tagged with fluorescence
proteins. Isoforms fused with their C-terms to fluorescence
proteins behave the same as the wild type isoforms, when
expressed in tsA cells. Currents were measured as described.
Na*- and K*-solution with and without 10 nM ScTX were used
as external solutions. Representative current traces for cells
expressing #SK3-eGFP (A), ASK3_ex1c-DsRED (B) and for cells
co-expressing both isoforms (ASK3-eGFP + ASK3 ex1c-DsRED;
C) are shown. Whole-cell conductances for each experiment
are shown in the diagram below (D). Whole-cell conductance
found in Na*-solution was subtracted from the one in K*-
solution with and without 10 nM ScTX. Cells expressing the
GFP tagged isoform ASK3-eGFP showed conductances up to
110 nS. These currents were blocked by 10 nM ScTX. Contrary
to that, cells expressing #SK3 ex1c-DsRED did not show any
significantly increased whole-cell conductance. Cells co-
expressing ASK3-eGFP + ASK3 exlc-DsRED showed a
significant whole-cell conductance in K*-solution. These
currents were blocked by 10 nM ScTX

corresponds to a remaining fractional conductance of
0.14 £ 0.05 (n=8) (after subtraction of background
conductance).

hSK3 exlc, a dominant-negativ isoform of A/SK3

Cell Physiol Biochem 2004;14:23-30 27



Fig 5. Intracellular
localization of ASK3
isoforms. ASK3-eGFP

hSK3-eGFP

hSK3_ex1¢c-DsRED

hSK3-eGFP

+
hSK3_ex1c-DsRED

hSK3-eGFP

+
hSK3_ex1c

is shown as green
fluorescence in A,C A
and D. ASK3 exlc-
DsRED is shown as
red fluorescence in B
and E. Merged images
for GFP and DsRED
fluorescence of co-
expressed #SK3-eGFP
and hSK3 exlec-
DsRED are shown in
F. The averaged
intensity histograms
for GFP fluorescence
are shown in G-I.
Thus the isoform
hSK3 exlc prevents
hSK3 translocation to
the plasma membrane.
Scale bar 5 um. G

DIUS 6.24 1242
cell diameter [pm]

Cc

'
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£ 60
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@ Ea
40 20l
20 10

intensity
3
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The mean whole-cell conductance observed for cells
expressing the GFP-tagged #SK3 isoform, #SK3-eGFP,
is approximately 12 fold higher compared to cells
expressing wild type #SK3 channels. Even when ASK3-
eGFP is co-expressed with ASK3 exlc-DsRED,
significant whole-cell currents were observed, which
were carried by SK3 channels. This may indicate an
incomplete inhibition of ASK3 channels by the
hSK3 ex1c-DsRED construct. However, since the SK3
current varies strongly between different cells co-
expressing the tagged isoforms, it is much more likely,
that the incomplete inhibition is due to the higher expression
level of functional ASK3-eGFP rather than to the fact
that the fused fluorescence proteins interfere with subunit
assembly.

The intracellular localization of #SK3-eGFP and
hSK3 ex1c-DsRED were studied using confocal laser
scanning microscopy (Figure 5). The fluorescent pattern
of cells expressing #SK3-eGFP alone (Figure 5A) was
strikingly different from those co-expressing #/SK3-eGFP
and ASK3 exlc-DsRED (Figure 5C), or with the
untagged isoform ASK3 exlc (Figure 5D). Whereas
hSK3-eGFP-expressing cells showed a sharp annular
distribution of fluorescence, the co-expressing cells show

amore uniform distribution. This observation is confirmed
by the average intensity histograms (Figure 5G-I), which
represent the average intensity along five axes drawn
through the cell. The yellow colored regions in the merged
images of cells co-expressing both fluorescence labeled
isoforms indicated their co-localization (Figure 5F). Cells
expressing the #SK3 ex1lc-DsRED construct alone,
showed an intracellular speckling fluorescence pattern
that aggregates in some regions (Figure 5B). This indicates
that isoform ASK3 exlc is not incorporated into the
plasma membrane. In contrast, such an incorporation has
been shown for the functional isoform ASK3 (Figure 5A).
In addition, #SK3 exlc seems to be able to prevent the
incorporation of #SK3 subunits into the plasma membrane,
which could explain the reduction of Ca**-activated K*
current, as has been shown for A#SK3-1B [11].

Discussion

The recently reported isoform ASK3-1B was
described as an isoform having a dominant-negative
regulatory effect on SK currents [11]. This isoform was
shown to be generated by alternative splicing and was
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presumed to encode a shortened SK3 subunit, which is
lacking the first transmembrane-spanning S1 helix and
the cytosolic N-terminal region [11]. Here we describe a
similar #SK3 isoform, #SK3_ex1c, which is also generated
by alternative splicing. As in the case of ASK3-1B,
hSK3 exlclacks a cytosolic N-terminus and the S1 helix,
but contrary to #SK3-1B, the longest predicted ORF of
hSK3 exlc transcripts encodes a protein, which is
extended towards its extracytosolic N-terminus by seven
amino acids. Like ASK3-1B, ASK3 exlc is able to
suppress SK3 currents by trapping functional isoforms in
the cytoplasm.

The physiological role of these isoforms is not yet
known. An inactive isoform of a cardiac potassium
channel K LQT, has been described [17]. It is assumed
that this isoform could play a role as a regulator for whole-
cell K LQT -current amplitude. This assumption was
confirmed, since mutations in this isoform were shown to
correlate with inherited cardiac arrhythmias [18]. The
dominant-negative effect of the inactive K LQT, isoform
is abolished in the presence of the -subunit IsK [18].
By analogy, similar roles could be assumed for the inactive
hSK3 isoforms, #SK3-1B and #SK3 exlc. In addition
the existence of an as yet unknown [3-subunit could also
be assumed, which influences the dominant-negative
effect of #SK3-1B and ASK3 exlc.

In principle, the current reduction in the experiments
with #SK3 channels co-expressed with 2SK3 ex1c could
be due to the fact that ASK3 exlc subunits, although
non-functional, could still bind calmodulin. SK channel
activation has been shown to be mediated by calmodulin,
which constitutively binds to the C-terminus of SK channel
subunits [2-4]. This binding of calmodulin to #SK3-ex1c
subunits would compete with calmodulin-A2SK3 channel
interaction resulting in less functional #SK3 channels that
could be activated by Ca* binding to calmodulin. However,
in the experiments with the #SK3-eGFP, we observed an
approximately 12-fold increase in functional ASK3
channels. This suggests that the amount of calmodulin in
the cell is sufficient to mediate the activation of such a
high number of ASK3 channels. The ASK3_ex1c subunits
would have to bind at least this amount of calmodulin to
account for the reduction in functional hSK3 channels
via that mechanism. Therefore it seems unlikely that the
mechanism of complete current reduction in the co-
expression experiments is due to a lack of calmodulin
being able to act on #SK3 subunits.

An interesting observation is the strongly increased
current amplitude in cells expressing #SK3-eGFP. We
have no explanation for this phenomenon. This effect is

due to a higher channel expression level of functional
hSK3-eGFP channels compared to the wild type channel.
One might speculate that the increase in functional
channels is due to an increase in protein synthesis or protein
stability. Alternatively, the eGFP-tag might stabilize SK3
subunits in the membrane or may increase their transport
into the plasma membrane. Contrary to A/SK3-1B,
hSK3 exlc is not expressed in brain tissues, but is
expressed in skeletal muscle. Therefore, it could play a
role in modulating SK3 whole-cell current amplitude in,
for example, skeletal muscle. So far nothing is known
about the regulation of the expression of SK3 transcripts.
However, the fact that #SK3-1B and #SK3 exlc show
different tissue distributions implies that their expression
might be regulated independently. This could provide a
differential modulation of #SK3 whole-cell current
amplitude. The expression of ASK3 exlc may be the
reason why there are no apamin binding sites [19, 20]
nor SK3 currents found in adult skeletal muscle [21].
Interestingly, functional SK3 channels are observed after
denervation of skeletal muscle and in skeletal muscles of
patients with myotonic dystrophy [21-23]. Such an up-
regulation of SK3 channel activity might be explained at
least in part by an alteration of ASK3 exlc expression
and not solely via an up-regulation of #SK3 transcripts
[22]. The inducible up-regulation of SK3 channels in a
transgenic mouse is shown to induce abnormal respiratory
response to hypoxic conditions and compromised
parturition [24]. A suppression of SK3 channels in the
same mouse model leads to an increase of the frequency
of phasic urinary bladder smooth muscle contraction [25].
This report is in line with the observation, that the selective
blockage of IK1 and SK3 channels suppresses the
vasodilation, which is mediated by the endothelium-derived
hyperpolarizing factor EDHF [26]. These findings
underline the importance of SK3 channel activity as a
determinant for smooth muscle contractility. Furthermore,
all SK channels are thought to be involved in regulating
the glucose-dependent insulin release of pancreatic islet
cells [27]. All these findings emphasize the importance
of SK3 channel regulation for many physiological events.
An additional possibility of SK3 channel regulation beside
SK3 channel expression could be important for a more
robust fine tuning of cellular function than it is possible
solely by an expressional regulation of SK3 channels.
Therefore, isoform hSK3_ex1c could play a vital role in
many homeostatic processes like smooth muscle
contractility and control of blood pressure, in respiratory
rhythmogenesis and the control of glucose serum level.

hSK3 exlc, a dominant-negativ isoform of A/SK3
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Note added in proof: After acceptance of this
manuscript another paper was published describing the
identical isoform hSK3 exlc as hSK3-1C (Kolski-
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