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Cloning and characterization of a novel human inwardly rectifying
potassium channel predominantly expressed in small intestine
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Abstract A new member of the two transmembrane domain
potassium (K ™) channel family was identified and isolated from a
human brain cDNA library. The cDNA clone contains an open
reading frame which encodes a 360 amino acid sequence with a
characteristic P domain flanked by two hydrophobic regions
representing the membrane spanning segments. The closest
homologue of this gene product is the inwardly rectifying
potassium channel subunit, Kirl.2 (identity approximately
42%). Northern blot analysis of human tissues with a selective
cDNA probe for this new K* subunit showed a single major
transcript of 3.4 kb predominantly expressed at high levels in
small intestine, with lower levels in stomach, kidney and brain.
The main regions of expression in the central nervous system
were medulla, hippocampus and corpus callosum. cRNA-injected
oocytes and transiently transfected HEK293 cells expressed a K*
conductance which displays an inward rectification. This
conductance is blocked by cesium and barium but is insensitive
to tolbutamide and diazoxide even upon co-transfection of this
novel subunit with the plasmid encoding the sulfonylurea receptor
SURI. Taken together, these results demonstrate that we have
isolated and characterized a novel K* channel subunit belonging
to the inwardly rectifying K* (Kir) channel family to which, upon
homology classification, we have given the nomenclature Kir7.1.
© 1998 Federation of European Biochemical Societies.
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1. Introduction

Inwardly rectifying potassium (Kir) channels are expressed
in a wide variety of excitable and non-excitable cells and have
been implicated in many different physiological processes with
the common role of maintaining resting membrane potential
near the K* equilibrium potential [1]. The activity of these
channels can be regulated by hormones, neurotransmitters
and intracellular factors linked to the metabolic state of the
cell. The physiological importance of this K channel family
is supported by pharmacological studies which have shown
that some of these channels could be major therapeutic targets
to treat non-insulin-dependent diabetes mellitus and hyperten-
sion (for review see [2,3]).

The first cDNAs of this family were obtained by expression
cloning techniques [4,5], and subsequently, other members
were isolated by homology cloning [6—13]. These cloning ef-
forts led to the distinction of six subfamilies (Kirl.0 to Kir6.0)
based on their degree of homology [14,15]. The molecular
dissection of all these subunits has revealed the basic motif
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to be a set of two membrane spanning domains flanking a P
domain consensus sequence. Despite their homogeneity at the
structural level, the Kir subunits display major heterogeneity
in their tissue distribution and their functional properties.
Differences in functional properties of these channels are re-
flected by their degree of inward rectification (strong or weak),
as well as by modulatory changes as a result of interactions
with G-proteins, intracellular ATP and pH.

In the present study, we report the cloning and tissue dis-
tribution of a novel Kir subunit that we have named Kir7.1.
The electrophysiological properties of Kir7.1 were examined
using the Xenopus oocyte system and transient cDNA trans-
fection in the HEK293 cell line.

2. Materials and methods

2.1. Cloning

The Kir6.2 nucleotide and amino acid sequences were used to per-
form a BLAST search against an expressed sequenced tag (EST) data-
base (Human Genome Sciences). Relevant ESTs were identified and a
cDNA clone originating from a human brain cDNA library (SmithK-
line Beecham) was retrieved. This cDNA clone was sequenced on both
strands to completion and used for further studies.

2.2. Oocyte experiments

After linearization of the cDNA clone at the unique X#ol site in the
polylinker region, capped cRNAs were synthesized using a T3 RNA
polymerase kit (Stratagene). Stage V-VI oocytes from the ovary of
anesthetized (in ice-cold water) Xenopus laevis frogs were defollicu-
lated enzymatically with collagenase (Life Technologies, 5 mg/ml for
30-45 min), at room temperature, under gentle agitation. Oocytes
were then stored 24 h in Barth medium (containing 88 mM NaCl,
10 mM HEPES, 1 mM KCl, 0.33 mM Ca(NO;),, 0.41 mM CaCl,,
0.82 mM MgSO,, 2.4 mM NaHCOj;, 0.1 mg/ml gentamicin, pH 7.6
with Tris-OH). cRNAs were pressure-injected (2040 nl, 0.7 ug
cRNA/u) in oocytes using a calibrated injection device (Inject+Matic,
Geneva). Oocytes were then incubated for 3-6 days and then trans-
ferred to a home-made chamber superfused at 5 ml/min with a sol-
ution containing 96 mM NaCl, 2 mM KCl, 5 mM HEPES, 3 mM
MgCl,, pH 7.4 with NaOH. Current and voltage electrodes were filled
with 3 M KCI (0.5-2 mQ) and connected to a GeneClamp 500 am-
plifier (Axon). Currents were acquired and analyzed using the
pClamp6 software.

2.3. Patch-clamp experiments

In order to perform a functional study in HEK293 cells, the Kir7.1
cDNA was subcloned in the pcDNA3 expression vector (Invitrogen).
HEK?293 cells (ATCC) were plated on coverslips (12 mm in diameter)
in 24-well culture plates (Costar) at a density of 5X 10* cells/well, then
cultured in RPMI 1640 medium (Life Technologies) supplemented
with 10% fetal calf serum (FCS, Life Technologies), 100 pug/ml strep-
tomycin and 100 U/ml penicillin, and incubated at 37°C in 5% CO,-
containing atmosphere. Kir7.1 plasmid (500 ng/well) and the expres-
sion plasmid for pGreen Lantern-1 (Life Technologies, 100 ng/well)
were transfected using the Fugene 6 reagent (Boehringer). Briefly, 24 h
after plating on coverslips, the cells were bathed in the medium con-
taining the Fugene 6 plasmids mixture during 4 h. After this time,
cells were washed and incubated for a further 24-72 h before electro-
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ATG GAC AGC AGT AAT TGC AAA GTT ATT GCT CCT CTC CTA AGT CAA AGA 48
Met Asp Ser Ser Asn Cys Lys Val Ile Ala Pro Leu Leu Ser Gln Arxg 16
TAC CGG AGG ATG GTC ACC AAG GAT GGC CAC AGC ACA CTT CAA ATG GAT 96
Tyr Arg Arg Met Val Thr Lys Asp Gly His Ser Thr Leu Gln Met Asp 32
GGC GCT CAA AGA GGT CTT GCA TAT CTT CGA GAT GCT TGG GGA ATC CTA 144
Gly Ala Gln Arg Gly Leu Ala Tyr Leu Arg Asp Ala Trp Gly Ile Leu 48
ATG GAC ATG|CGC TGG CGT TGG ATG ATG TTG GTC TTT TCT GCT TCT TTT 192
Met Asp Met|Arg Trp Arg Trp Met Met Leu Val Phe Ser Ala Ser Phe 64
GTT GTC CAC TGG CTT GTC TTT GCA GTG CTC TGG TAT GTT|CTG GCT GAG 240
Val Val His Trp Leu Val Phe Ala Val Leu Trp Tyr Val| Leu Ala Glu 80
ATG AAT GGT GAT CTG GAA CTA GAT CAT GAT GCC CCA CCT GAA AAC CAC 288
Met Asn Gly Asp Leu Glu Leu Asp His Asp Ala Pro Pro Glu Asn His 96
ACT ATC TGT GTC AAG TAT ATC ACC AGT TTC ACA GCT GCA TTC TCC TTC 336
Thr Ile Cys Val Lys Tyr Ile Thr Ser Phe Thr Ala Ala Phe Ser Phe 112
TCC CTG GAG ACA CAA CTC ACA ATT GGT TAT GGT ACC ATG TTC CCC AGT 384
Ser Leu Glu Thr Gln Leu Thr Ile Gly Tyr Gly Thr Met Phe Pro Ser 128
GGT GAC TGT|CCA AGT GCA ATC GCC TTA CTT GCC ATA CAA ATG CTC CTA 432
Gly Asp Cys|Pro Ser Ala Ile Ala Leu Leu Ala Ile Gln Met Leu Leu 144
GGC CTC ATG CTA GAG GCT TTT ATC ACA GGT GCT TTT GTG GCG AAG|ATT 480
Gly Leu Met Leu Glu Ala Phe Ile Thr Gly Ala Phe Val Ala Lys|(Ile 160
GCC CGG CCA AAA AAT CGA GCT TTT TCA ATT CGC TTT ACT GAC ATA GCA 528
Ala Arg Pro Lys Asn Arg Ala Phe Ser Ile Arg Phe Thr Asp Ile Ala 176
GTA GTA GCT CAC ATG GAT GGC AAA CCT AAT CTT ATC TTC CAA GTG GCC 576
Val Val Ala His Met Asp Gly Lys Pro Asn Leu Ile Phe Gln Val Ala 192
AAC ACC CGA CCT AGC CCT CTA ACC AGT GTC CGG GTC TCA GCT GTA CTC 624
Asn Thr Arg Pro Ser Pro Leu Thr Ser Val Arg Val Ser Ala Val Leu 208
TAT CAG GAA AGA GAA AAT GGC AAA CTC TAC CAG ACC AGT GTG GAT TTC 672
Tyr Gln Glu Arg Glu Asn Gly Lys Leu Tyr Gln Thr Ser Val Asp Phe 224
CAC CTT GAT GGC ATC AGT TCT GAC GAA TGT CCA TTC TTC ATC TTT CCA 720
His Leu Asp Gly Ile Ser Ser Asp Glu Cys Pro Phe Phe Ile Phe Pro 240
CTA ACG TAC TAT CAC TCC ATT ACA CCA TCA AGT CCT CTG GCT ACT CTG 768
Leu Thr Tyr Tyr His Ser Ile Thr Pro Ser Ser Pro Leu Ala Thr Leu 256
CTC CAG CAT GAA AAT CCT TCT CAC TTT GAA TTA GTT GTA TTC CTT TCA 816
Leu Gln His Glu Asn Pro Ser His Phe Glu Leu Val Val Phe Leu Ser 272
GCA ATG CAG GAG GGC ACT GGA GAA ATA TGC CAA AGG AGG ACA TCC TAC 864
Ala Met Gln Glu Gly Thr Gly Glu Ile Cys Gln Arg Arg Thr Ser Tyr 288
CTA CCG TCT GAA ATC ATG TTA CAT CAC TGT TTT GCA TCT CTG TTG ACC 912
Leu Pro Ser Glu Ile Met Leu His His Cys Phe Ala Ser Leu Leu Thr 304
CGA GGT TCC AAA GGT GAA TAT CAA ATC AAG ATG GAG AAT TTT GAC AAG 960
Arg Gly Ser Lys Gly Glu Tyr Gln Ile Lys Met Glu Asn Phe Asp Lys 320
ACT GTC CCT GAA TTT CCA ACT CCT CTG GTT TCT AAA AGC CCA AAC AGG 1008
Thr Val Pro Glu Phe Pro Thr Pro Leu Val Ser Lys Ser Pro Asn Arg 336
ACT GAC CTG GAT ATC CAC ATC AAT GGA CAA AGC ATT GAC AAT TTT CAG 1056
Thr Asp Leu Asp Ile His Ile Asn Gly Gln Ser Ile Asp Asn Phe Gln 352
ATC TCT GAA ACA GGA CTG ACA GAA TAA 1083
Ile Ser Glu Thr Gly Leu Thr Glu * 360
Fig. 1. Nucleotide and deduced amino acid sequences of human Kir7.1. The hydrophobic transmembrane segments and the P domain are

boxed and underlined, respectively. The open circle (O) and filled circles (®) denote the consensus sequence for N-linked glycosylation and
phosphorylation by protein kinase C, respectively. The plasmid containing this open reading frame was deposited in the American Type Culture
Collection under the name ‘plasmid Kir7.1” with the assigned number ATCC 209321.

physiological experiments. This protocol routinely showed that great-
er than 40-50% of the total population of cells were green fluorescent
when illuminated on an epifluorescence inverted microscope (Nikon)
used on the patch-clamp set-up. Only the fluorescent cells were se-
lected for recording.

Standard patch-clamp methods were used to record whole-cell K*

currents [16]. Prior to an experiment, a coverslip was transferred to a
400 pl recording chamber (Warner Instrument Corp.) and the cells
were washed with the extracellular solution which consisted of
150 mM NacCl, 4 mM KCl, 2 mM CaCl,, 1 mM MgCl,, 10 mM
HEPES, pH 7.3 adjusted with NaOH. Pipettes were pulled from boro-
silicate glass capillaries (Clark Electromedical) and filled with a sol-
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ution containing 130 mM KCIl, 4 mM NaCl, 1 mM MgCl,, | mM
CaCly, 10 mM EGTA, 10 mM HEPES, pH 7.3 adjusted with KOH.
The electrodes had a resistance of 3-5 MQ. All chemicals were ob-
tained from Sigma. Currents were recorded by an Axopatch 1D am-
plifier (Axon Instruments) and stored on a digital tape recorder (Bio-
logic). Stimulation, data acquisition and analysis were done using
pClamp 6 software (Axon). All experiments were performed at
room temperature. Data are expressed as means = S.D.

2.4. Northern blot analysis

Multiple tissue northern blots (2 pg RNA/lane, Clontech) were
hybridized with a BamHI-HindIII 2.0 kb fragment which was pre-
pared from plasmid containing the novel Kir subunit and with glyc-
eraldehyde 3-phosphate dehydrogenase (G3PDH) cDNA fragments
(Clontech) using current molecular biology methods [17]. The probes
were radiolabeled with 3?P-dCTP (NEN) using a random priming
technique (Megaprime labeling kit, Amersham). The blots were
scanned using a Molecular Dynamics Storm 860 Imager.

3. Results

3.1. Isolation of a new putative inwardly rectifying potassium
channel subunit

A search for novel potassium channels was initiated by
performing a homology comparison (BLAST alignment pro-
gram) using Kir6.2 nucleotide and amino acid sequences
against EST databases. The result of this search pointed to
a relevant sequence showing significant similarity to Kir chan-
nels. Upon sequencing of the corresponding cDNA clone, a
nucleotide sequence of 2931 bp with a single open reading
frame of 1080 nucleotides was identified. This clone encodes
a polypeptide of 360 amino acids (Fig. 1). Similar to other Kir
subunits, hydrophobicity analysis of this protein indicates the
presence of two transmembrane segments, namely TM1 and
TM2, flanking a P domain consensus sequence. These hydro-
phobic domains were predicted using the TMAP software [18]
which takes into account the hydrophobicity as well as multi-
ple alignment analyses of the Kir sequences. Moreover, within
the P domain, the characteristic Gly-Tyr-Gly motif of potas-
sium channels is present. One potential N-glycosylation site
(Asn-95) is located in the extracellular sequence and three
consensus phosphorylation sites for protein kinase C are
found in the N-terminal (Ser-14) and C-terminal (Ser-169
and Ser-201) cytoplasmic domains. A comparison of the ami-
no-acid sequence with representative members of the KT
channel superfamily reveals that it is most similar to the Kir
subfamily. However, it shares only 29-42% identity and 37—
47% similarity with them, warranting placement within a dis-
tinct subfamily (Fig. 2A). For comparison, Fig. 2B displays a

N
Fig. 2. Sequence analysis of Kir7.1 with respect to different mem-
bers of the Kir channel family. A: Pairwise comparisons using GAP
from GCG (Genetics Computer Group) with the default parameters.
The full-length coding sequences for the listed subunits were used.
The gap penalty was 12, and the gap extension penalty was 4. Spe-
cific members of subfamilies and their accession numbers are as fol-
lows: Kirl.1 (ROMKI, U12541), Kirl.2 (U73191), Kirl.3 (U73193),
Kir2.1 (U12507), Kir2.2 (X78461), Kir2.3 (U07364), Kir3.1
(U01071), Kir3.2 (U11859), Kir3.3 (U11860), Kir3.4 (CIR, X83584),
Kir4.1 (BIR10, X83585), Kir5.1 (BIR9, X83581), Kir6.1 (D42145)
and Kir6.2 (D50581). Note that the Kirl.2 sequence was defined as
the human homologue of the rat sequence Kir4.1 [15]. B: Sequence
comparison between Kir7.1 and Kirl.2. Identical amino acids are
boxed in black. The alignment was performed with MEGALIGN
(version 3.10a) from DNASTAR.
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pairwise alignment of the new Kir and Kirl.2 amino acid
sequences, the latter being the most closely related. Therefore,
we have chosen to designate this new Kir protein Kir7.1.

3.2. Functional expression of Kir7.1 subunit in Xenopus laevis
oocytes and human embryonic kidney (HEK293) cells
Injection of in vitro transcribed cRNA for Kir7.1 in Xen-
opus oocytes produced inwardly rectifying currents as shown
in the left column of Fig. 3A. Transient transfection in

A
identity (%) similarity (%)

Kirl.1 35 43
Kirl1.2 42 47
Kirl.3 38 46
Kir2.1 31 40
Kir2.2 33 43
Kir2.3 36 44
Kir3.1 30 40
Kir3.2 32 40
Kir3.3 32 39
Kir3.4 30 39
Kir4.1 41 47
Kir5.1 30 37
Kiré6.1 29 38
Kir6.2 30 39

B

1 SNC --------- AL S Q- - I YN KIR7-1
1 YYSQTTQTESR AMGP GI [§R}9 KIR1-2
20 MVReEH N TLQ - QRGL AjY ANGI L KIR7-1
30 VL SER NN VR Y EHI DKRFL LTTF KIR1-2
49 IYWR \4Y 'V VHWL ANIL WaqV L KIR7-1
60 QNLYY S /\ AGT \WF GV LALL KIR1-2
79 MN[SIRE IANHT I ( \MKYI TSF KIR7-1
90 VAH GDI Q@ - EANH'T VQVHTL KIR1-2
109 T (O]l INEEAEET MF P N CPN] KIR7-1
118 T T1 GY GRBE! S C P9 KIR1-2
139 AI ML ENF I T GENF (YA K /\RI’I\ {/\ KIR7-1
148 1 A[QJL V TTI I TGMF IBAKIT ARP K KIR1-2
169 S BSNT DI GWAWNH MD (€3 9 dN I F QAW T KIR7-1
178 [9HS Q HERARAS HN GKP (o IV AN KIR1-2
199 ATS VR\US AVIRY[®JER - - - - - EN . SMD KIR7-1
208 IGCQTGKLTHQTKEGI I,QV KIR1-2
224 |@HLMGI SSDEC F [@F YN@RIST TP S SEEN KIR7-1
238 [JQVY- - TASDS L [§L F\4:lVVDETER#Y KIRI-2
254 AT[ML QHENP S HIJAWMV F |I AMQ INGE [&f8] KIR7-1
266 KD[§PLRS GEGD|j l‘l \L 1 I MGTV S AT[&f8] KIRI-2
284 RENENR'EN l’l‘ IEML HHC|@AS LLTRGS K[§EM4QI KIR7-1
296 VEYEISREGWYE BRI WGYE[JTP AT SLSAS[K)I A KIR1-2
314 KMENPBEWKT\4P - EF |JTP|[BVSKS - - - - - INRT KIR7-1
326 DFSL|j QVKVAS S GIJRDS TVRYGD[JEKL KIR1-2
338 DMDI HI NG[®)SI - DNFQI JETGLTE KIR7-1
356 KIJEESLREJAEKEGS ALEJVRI SNV KIR1-2
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Fig. 3. Inwardly rectifying currents from Xenopus oocytes injected
with cRNA transcribed from Kir7.1 cDNA clone and from transi-
ently transfected HEK293 cells. A: Representative recordings col-
lected from a Kir7.1 cRNA injected oocyte (left column), and two
HEK?293 cells (right column) transfected either with Kir7.1+GFP
cDNAs (upper trace) or with GFP cDNA (lower trace). HEK293
cells were recorded in an external medium containing 30 mM K*.
The currents were monitored during pulses incremented by 20 mV
from —150 mV with a holding potential of —60 mV for oocyte ex-
periments and during voltage ramps (—150 to +50 mV, 1 s dura-
tion) for patch-clamp experiments. B: Current-voltage (I-V) relation-
ship recorded from an oocyte injected with Kir7.1 ¢cRNA in an
extracellular solution containing 2, 10, 25, 60 or 96 mM of potassi-
um ([K*],). Inset: zero current (E,,) potentials as a function of
[K*], (logarithmic scale). The solid line is a linear regression fit to
the data measured on five different oocytes. C: I-V relationships re-
corded from an oocyte in control solution (96 mM [K*],) and in-
creasing concentrations of cesium ([Cs*] mM) and barium ([Ba’*]
mM).

HEK?293 cells also induced an inwardly rectifying current eli-
cited by voltage ramps. These currents were not seen in water-
injected oocytes and cells transfected with green fluorescent
protein alone. To determine whether this expressed current
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is KT selective, the current-voltage relationship was measured
at different external K concentrations (Fig. 3B). The shift in
reversal potential (E,.,) was 4213 mV and 522 mV per 10-
fold change of [K*], in oocytes (n=3, inset of Fig. 3B) and
HEK?293 cells (n =5, data not shown), confirming the high K+
selectivity for the Kir7.1 channel. Pharmacological studies re-
vealed that this current was inhibited by increasing concen-
trations of the extracellular cations cesium and barium as
visualized in Fig. 3C. The block induced by Cs* is voltage-
dependent whereas that produced by Ba?* shows less voltage
dependence. A recent study has described that members of
different subunits of Kir subfamilies (Kir6.0 and Kir1.0) could
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Fig. 4. Kir7.1 mRNA expression in human peripheral and brain tis-
sues (A and B). The Northern blots were sequentially probed with
Kir7.1 (upper panel) and G3PDH (lower panel) probes under strin-
gent conditions. The position of molecular markers is indicated on
the left of the figures. The time of exposure was 3 days.



M. Partiseti et al./FEBS Letters 434 (1998) 171-176

be promiscuously coupled to the sulfonylurea receptor (SUR)
upon transient co-expression in the HEK cell-line [19]. Thus,
we performed co-transfection of the Kir7.1 cDNA with SURI1
c¢DNA in HEK293 cells. Addition of diazoxide (200 uM) or
tolbutamide (200 uM), two compounds known to respectively
activate and inhibit Kir channels coupled to SUR1 [2], did not
change the amplitude of the Kir7.1 conductance in our con-
ditions, thus suggesting that this subunit is not associated with
SURI.

3.3. Tissue distribution of the Kir7.1 subunit

To determine the distribution of Kir7.1, multiple Northern
blot analysis of poly(A)* RNA from different human tissues
was performed at high stringency with a specific Kir7.1 probe.
To compare relative levels of expression, these Northern
blot were rehybridized to evaluate G3PDH expression. The
results indicate a major Kir7.1 transcript of approximately
3.4 kb which is predominantly expressed in small intestine
but also at significant levels in stomach, kidney and brain
(Fig. 4A). No signal was detected in skeletal muscle, placenta,
lung, liver, pancreas, uterus, bladder, heart, prostate and co-
lon without mucosa. Moreover, Northern blots from immune
tissues such as spleen, thymus, lymph nodes, peripheral blood
leukocytes, bone marrow and fetal liver did not display any
signal when hybridized with the Kir7.1 probe (data not
shown). In order to evaluate the expression levels of Kir7.1
in different areas of the central nervous system, similar experi-
ments were done on Northern blots from various human
brain regions (Fig. 4B). A 3.4 kb band was detected in all
central nervous system regions tested, with the exception of
the spinal cord: the highest amounts were in medulla, hippo-
campus and corpus callosum.

4. Discussion

In the present report, we describe the isolation and charac-
terization of a new putative inward rectifier K* channel. The
novel sequence encodes a potassium channel subunit protein
which we have called Kir7.1 since it cannot be classified on a
structural basis into any of the previously described (Kirl.0 to
Kir6.0) subfamilies. The Kirl.0 subfamily, which includes
Kirl.1, Kirl.2, Kirl.3 and now Kir4.1 [15,20], appears to be
the most closely related to Kir7.1. However, these proteins
share less than 42% identity with Kir7.1. Interestingly, to
our knowledge, the Kir7.1 protein is the first Kir subunit
which contains a methionine residue (Met-125) in the P do-
main region, in place of the conserved asparagine present in
all known Kir subunits. This asparagine residue has recently
been implicated in ion selectivity and pore permeation of the
Kir channel [21]. The presence of the methionine in Kir7.1
could not be attributed to a mutation in the cDNA clone
because partial sequence information on two other cDNA
libraries (human hippocampus and PC3 prostatic cell-line)
also revealed Kir7.1 clones with a methionine in the same
position.

The assignment of Kir7.1 to the Kir family was functionally
supported by expression in Xenopus oocytes and mammalian
cells. Kir7.1 cRNA injections and cDNA transfections in-
duced the expression of selective K* currents displaying
weak inward rectification and a block by the cations Cs™*
and Ba?*. However, our results do not exclude that this sub-
unit could form heteromeric channels with (an)other Kir sub-
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unit(s) as previously described for the G-protein coupled
Kir3.0 subfamily [9,22-24].

The variety of Kir subunit sequences and their distinctive
specific tissue distribution patterns have been linked to differ-
ent physiological roles. In this respect, Kir7.1 mRNA tran-
scripts are restricted to brain (mostly medulla, hippocampus
and corpus callosum), kidney, stomach as well as small intes-
tine where a particularly high level of expression is observed.
Thus, it is tempting to hypothesize that Kir7.1 channels could
be implicated in K* transport in the epithelium of this tissue,
especially those K™ conductances linked to Na*-coupled ab-
sorption of nutrients. Such a K*-selective current, displaying
inward rectification and sensitivity to Ba?*, has been charac-
terized in mammalian enterocytes [25]. Further studies, such
as cellular localization and co-expression with others Kir sub-
units, will help to elucidate more precisely the physiological
role of Kir7.1.

Acknowledgements: We are very grateful to Huguette Esnaud for
expert technical assistance.

References

[1] Hille, B. (1992) Ionic Channels of Excitable Membranes, Sinauer,
Sunderland, MA.

[2] Ashcroft, F.M. and Rorsman, P. (1989) Prog. Biophys. Mol.
Biol. 54, 87-143.

[3] Quayle, J.M. and Standen, N.B. (1994) Cardiovasc. Res. 28, 797—
804.

[4] Ho, K., Nichols, C.G., Lederer, W.J., Lytton, J., Vassilev, P.M.,
Kanazirska, M.V. and Herbert, S.C. (1993) Nature 362, 31-38.

[5] Kubo, Y., Baldwin, T.J., Jan, Y.N. and Jan, L.Y. (1993) Nature
362, 127-133.

[6] Kubo, Y., Reuveny, E., Slesinger, P.A., Jan, Y.N. and Jan, L.Y.
(1993) Nature 364, 802-806.

[7] Bond, C.T., Pessia, M., Xia, X.M., Lagrutta, A., Kavanaugh,
M.P. and Adelman, J.P. (1994) Receptors Channels 2, 183-191.

[8] Koyama, H., Morishige, K., Takahashi, N., Zanelli, J.S., Fass,
D.N. and Kurachi, Y. (1994) FEBS Lett. 341, 303-307.

[9] Lesage, F., Guillemare, E., Fink, M., Duprat, F., Heurteaux, C.,
Fosset, M., Romey, G., Barhanin, J. and Lazdunski, M. (1995)
J. Biol. Chem. 270, 28660-28667.

[10] Bond, C.T., Ammaila, C., Ashfield, R., Blair, T.A., Gribble, F.,
Khan, R.N., Lee, K., Proks, P., Rowe, I.C.M., Sakura, H., Ash-
ford, M.J., Adelman, J.P. and Ashcroft, F.M. (1995) FEBS Lett.
367, 61-66.

[11] Inagaki, N., Tsuura, Y., Namba, N., Masuda, K., Gonoi, T.,
Horie, M., Seino, Y., Mizuta, M. and Seino, S. (1995) J. Biol.
Chem. 270, 5691-5694.

[12] Inagaki, N., Gonoi, T., Clement, J.P., Namba, N., Inazawa, J.,
Gonzales, G., Aguilar-Bryan, L., Seino, S. and Bryan, J. (1995)
Science 270, 1166-1170.

[13] Sakura, H., Ammald, C., Smith, P.A., Gribble, F.M. and Ash-
croft, F.M. (1995) FEBS Lett. 377, 338-344.

[14] Doupnik, C.A., Davidson, N. and Lester, H.A. (1995) Curr.
Opin. Neurobiol. 5, 268-277.

[15] Shuck, M.E., Piser, T.M., Bock, J.H., Slightom, J.L., Lee, K.S.
and Bienkowski, M.J. (1997) J. Biol. Chem. 272, 586-593.

[16] Hamill, O.P., Marty, A., Neher, E., Sakmann, B. and Sigworth,
F.J. (1981) Pfligers Arch. 391, 85-100.

[17] Maniatis, T., Fritsch, E.F. and Sambroock, J. (1982) Molecular
Cloning: A Laboratory Manual, Cold Spring Harbor Laboratory
Press, Cold Spring Harbor, NY.

[18] Persson, B. and Argos, P. (1994) J. Mol. Biol. 237, 182-192.

[19] Amméla, C., Moorhouse, A., Gribble, F., Ashfield, R., Proks, P.,
Smith, P.A., Sakura, H., Coles, B., Ashcroft, S.J.H. and Ash-
croft, F.M. (1996) Nature 379, 545-548.

[20] Takumi, T., Ishii, T., Horio, Y., Morishige, K.I., Takahashi, N.,
Yamada, M., Yamashita, T., Kiyama, H., Sohmiya, K., Naka-
nishi, S. and Kurachi, Y. (1995) J. Biol. Chem. 270, 16339—
16346.



176

[21] Yang, J., Yu, M., Jan, Y.N. and Jan, L.Y. (1997) Proc. Natl.
Acad. Sci. USA 94, 1568-1572.

[22] Krapivinsky, G., Gordon, E.A., Wickman, K., Velimirovic, B.,
Krapivinsky, L. and Clapham, D.E. (1995) Nature 374, 135-
141.

[23] Ferrer, J., Nichols, C.G., Makhina, E.N., Salkoff, L., Bernstein,

M. Partiseti et al.|FEBS Letters 434 (1998) 171-176

J., Gerhard, D., Wasson, J., Ramanadham, S. and Permutt, A.
(1995) J. Biol. Chem. 270, 26086-26091.

[24] Spauschus, A., Lentes, K.U., Wischmeyer, E., Dibmann, E., Kar-
schin, C. and Karschin, A. (1996) J. Neurosci. 16, 930-938.

[25] Sepulveda, F.V., Fargon, F. and McNaughton, P.A. (1991)
J. Physiol. 434, 351-367.



