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bstract

TRPM6 and its closest relative TRPM7 are members of the Transient Receptor Potential Melastatin (TRPM) subfamily of cation channels
nd are known to be Mg2+ permeable. By aligning the sequence of the putative TRPM6 pore with the pore sequences of the other subfamily
embers, we located in the loop between the fifth and the sixth transmembrane domain, a stretch of amino acids residues, 1028GEIDVC1033,

s the potential selectivity filter. Two negatively charged residues, E1024 (conserved in TRPM6, TRPM7, TRPM1 and TRPM3) and D1031

conserved along the entire TRPM subfamily), were identified as important determinants of cation permeation through TRPM6, because
eutralization of both residues into an alanine resulted in non-functional channels. Neutralization of E1029 (conserved in TRPM6, TRPM7,
RPM4 and TRPM5) resulted in channels with increased conductance for Ba2+ and Zn2+, decreased ruthenium red sensitivity and larger pore

iameter compared to wild-type TRPM6. Changing the residue I1030 into methionine, resulted in channels with lower conductance for Ni2+,
ecreased sensitivity to ruthenium red block and reduced pore diameter. Thus, these data demonstrate that amino acid residues E1024, I1030 and
1031 are important for channel function and that subtle amino acid variation in the pore region accounts for TRPM6 permeation properties.
2006 Elsevier Ltd. All rights reserved.
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. Introduction

Being the most abundant intracellular cation after K+,
g2+ is an important cofactor for many biological processes,

uch as protein synthesis, nucleic acid stability and neuro-
uscular excitability [1,2]. Mg2+ homeostasis involves the

idney as the primary regulatory site, the intestine as the
bsorption place, while the bone is the storage location [3].
ranscellular Mg2+ transport in renal and intestinal epithelia
s of vital importance for overall Mg2+ homeostasis. There
s both a passive (paracellular) mechanism and an active
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transcellular) transport for Mg2+ (re)absorption in renal
nd intestine epithelia [2]. However, the molecular mecha-
ism of transcellular Mg2+ transport is not fully understood.
ecently, investigations in consanguineous families suffer-

ng from hypomagnesaemia with secondary hypocalcaemia
HSH) have identified mutations in the gene encoding the
ransient Receptor Potential Melastatin 6 (TRPM6) protein
s the cause of the disease [4,5]. It was demonstrated that
RPM6 functions as a molecular determinant of transcellu-

ar Mg2+ transport in renal and intestinal epithelia [6].
TRPM6 shares with its closest relative TRPM7 approx-

mately 50% sequence homology at the amino acid level
6]. TRPM7 appears to be ubiquitously expressed, whereas

RPM6 expression is restricted to kidney and intestine [6],
here it plays an important role in Mg2+ (re)absorption [6].
onsistent with a role in Mg2+ homeostasis, we demonstrated

ecently that dietary Mg2+ restriction upregulates TRPM6

mailto:r.bindels@ncmls.ru.nl
dx.doi.org/10.1016/j.ceca.2006.10.003
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xpression in mice kidney, while a Mg2+-enriched diet
ncreases TRPM6 expression in colon [7]. These diets did not
ffect TRPM7 expression levels in kidney and colon. Atyp-
cally for other ion channels, TRPM6 and TRPM7 contain
serine/threonine protein kinase domain at the C-terminus

esembling that of elongation factor 2 (eEF-2) kinase and
ther �-kinases. The kinase function in channel regulation
emains elusive [4,8–12].

Recently, we have functionally characterized TRPM6
sing electrophysiological analysis [6]. This protein forms
onstitutively active divalent selective cation channels, with
higher affinity for Mg2+ than for Ca2+ at physiological
embrane potentials and divalent concentrations. TRPM6

ecomes permeable to monovalent cations when all divalent
ations are omitted from the extracellular solution. Despite
his initial characterization of TRPM6, the molecular deter-

inants of its Mg2+ permeability remain unknown. More-
ver, in a recent paper, Li et al. described in detail the
unctional differences in divalent ion permeability between
omomeric TRPM6, homomeric TRPM7 and heteromeric
RPM6/TRPM7 channel complexes demonstrating unequiv-
cally that TRPM6 can form by itself functional channels
ithout TRPM7 co-expression [13]. The study also demon-

trated that TRPM6 displays single channel conductance that
s 2- and 1.5-fold bigger than TRPM7 and TRPM6/TRPM7
omplexes.

To date there is limited knowledge about the structures
f TRP channels pores and even less is known about TRPM
hannels pores. In a recent study Owsianik et al. summa-
ized the current knowledge about permeation and selectivity
f TRP channels [14]. They propose and describe a gen-
ral approach as a toolkit for characterizing the permeation
nd selectivity of ion channels. Therefore, the aim of the
resent study was to identify the amino acid stretch responsi-
le for Mg2+ permeation of TRPM6. To this end, a combined
pproach consisting in site-directed mutagenesis and electro-
hysiological measurements was used to investigate the role
f amino acid residues from the putative selectivity filter in
he permeation properties of TRPM6. Our data indicate that a
hort amino acid stretch of the pore region, 1028GEIDVC1033,
etermines the TRPM6 conductance properties and its sen-
itivity to the channel pore blocker, the hexavalent cation
uthenium red.

. Materials and methods

.1. Molecular biology

The full-length open reading frame from N-terminally
A-tagged human (h)TRPM6 was cloned as a BclI–BspEI

ragment in the pCINeo/IRES-GFP vector [6]. This

icistronic expression vector, pCINeo/IRES-GFP/HA-
TRPM6, was used to co-express hTRPM6 and enhanced
FP in Human Embryonic Kidney cells (HEK293). Muta-
enesis of the amino acids E1024, E1029, I1030, D1031,

b
r
p
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m 41 (2007) 513–523

1032 and of the TRPM6-TRPM4 and TRPM6-TRPV6
himeric constructs was performed using QuickChangeTM

ite-directed mutagenesis (Stratagene, La Jolla, USA). The
equence of each mutant was verified by sequence analysis
f the corresponding cDNA.

.2. Cell culture and transfection

HEK293 cells were grown in Dulbecco’s modified Eagle’s
edium (Bio Whittaker-Europe, Verviers, Belgium) con-

aining 10% (v/v) fetal calf serum, 2 mM l-glutamine and
0 �g/ml ciproxin at 37 ◦C in a humidity-controlled incuba-
or with 5% (v/v) CO2. The cells were transiently transfected
ith the respective constructs using Lipofectamine 2000

Invitrogen-Life Technologies, Breda, The Netherlands), as
escribed previously [15], and electrophysiological record-
ngs were performed 16–36 h post-transfection. Transfected
ells were identified by their green fluorescence when illumi-
ated at 480 nm. Non-transfected (GFP-negative) cells from
he same batch were used as controls.

.3. Electrophysiology

Patch-clamp experiments were performed in the tight seal
hole-cell configuration at room temperature (20–25 ◦C)
sing an EPC-9 patch-clamp amplifier computer controlled
y Pulse software (HEKA Electronik, Lambrecht, Germany).
atch pipettes had resistances between 2 and 4 M� after fill-

ng with the standard intracellular solution. Cells were held
t 0 mV, and voltage ramps of 450 ms ranging from −100 to
100 mV were applied every 2 s. Cell capacitance and access
esistance were continuously monitored using the automatic
apacitance compensation of the Pulse software. Extracting
he current amplitudes at +80 and −80 mV from individual
amp current records assessed the temporal development of
embrane currents. Current densities were obtained by nor-
alizing the current amplitude to the cell membrane capaci-

ance.

.4. Solutions

The standard pipette solution contained (in mM): 150
aCl, 10 EDTA and 10 HEPES (pH 7.2 adjusted with NaOH).
he extracellular solution contained (in mM): 150 NaCl and
0 HEPES (pH 7.4 adjusted with NaOH), supplemented with
ither 1 mM CaCl2 (to assess the time-course for develop-
ent of currents), 10 mM EDTA (divalent-free solutions,
VF), or the same concentration of divalent cations (for the
ermeation profile determinations). The relative permeabili-
ies (PX/PNa) of mono-, di-, tri- and tetramethyl ammonium
ubstituents and of N-methyl-d-glucamine (NMDG) were
easured using solutions in which all Na+ was substituted
y the respective cations and calculated from the biionic
eversal potentials [16]. All potentials were corrected for
ossible liquid junction potentials, which were calculated
ccording to Barry and Calc [17]. In these permeation experi-
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ents, the standard pipette solution was used as intracellular
olution. For the ammonium derivates, the following com-
ounds diameters were used (in nm): 0.36, 0.46, 0.52, 0.58
nd 0.68 for monomethylammonium (MA+), dimethylam-
onium (DMA+), trimethylammonium (TriMA+), tetram-

thylammonium (TetMA+) and for NMDG+ respectively. To
t the points from the graph plotting permeability ratios of the
ifferent organic cations (X) versus their estimated diameters,
he excluded volume considering friction of the permeating
on Eq. (1) [18] was used:

PX

PNa
= k(1 − a/d)2

a
(1)

here a is the organic cation diameter, k a constant factor
nd d is the minimal pore diameter. The ammonium derivates
ere purchased from Sigma.

.5. Statistical analysis

Data analysis and graphs were prepared using Igor-
ro software (WaveMetrics, Lake Oswego, USA). Data are
xpressed as mean ± S.E.M. Overall statistical significance
as determined by analysis of variance. In case of signif-

cance (p < 0.05), individual groups were compared using
tudent’s t-test.

. Results

.1. Sequence analysis of the putative pore-forming
egion of TRPM6

Fig. 1 shows a sequence alignment of the putative pore

egion of the TRPM subfamily. The structure of the loop
etween the fifth and the sixth transmembrane domains (TM5
nd TM6) was modeled based on the K+ channel KcsA
rystal structure [19]. In this region, TRPM6 shares the

ig. 1. The putative pore-forming region of TRPM6. Alignment of the puta-
ive pore sequences of the TRPM subfamily on the rows, which represent the
mino acid sequences from the respective human TRPM subfamily channels.
he GenBank accession numbers are: NP 002411, AAY22174, NP 066003,
P 060106, NP 055370, NP 060132, NP 060142 and NP 076985 starting

rom TRPM1 to TRPM8. The highly conserved hydrophobic residues are
ighlighted in diagonal pattern, the conserved aspartate is shown in vertical
attern and the conserved residues with polar or charged groups are shown in
orizontal pattern (adapted from Refs. [24,35]). Asterisks denote the amino
cid residues mutated in this study.
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ighest sequence homology with TRPM7, also known to
onduct Mg2+ when heterologously expressed in HEK293
ells [8,9,20]. TRPM6 and TRPM7 contain two glutamate
esidues, E1024 and E1029 (horizontal pattern in Fig. 1). The
1024 is conserved in TRPM1 and TRPM3. In addition,
RPM6 shares an aspartate residue D1031 (vertical pattern

n Fig. 1) with all the other members of the TRPM subfam-
ly. To assess the contribution of these amino acid residues
n the permeation properties of TRPM6, these residues were
eutralized by alanine substitution (mutants E1024A, E1029A
nd D1031A). To delineate the role of the conserved aspar-
ate residue (D1031), adjacent amino acids were mutated.
1030 was substituted by a methionine in order to mimic the
ore properties of the monovalent selective channel TRPM4
mutant I1030M), and the V1032 was substituted by an ala-
ine (mutant V1032A). The positions for the amino acid
esidues mutated for this study are marked with asterisks in
ig. 1.

.2. Functional characterization of TRPM6 pore
utants

To determine which amino acids in the pore region account
or the permeation properties of TRPM6, the activation kinet-
cs of wild-type channels were compared with those of
he mutant proteins. The currents recorded from TRPM6-
ransfected cells reached a plateau level of 295 ± 40 pA/pF
n = 30 cells) within 100–200 s, while non-transfected (NT)
ells (n = 10 cells) displayed only background current, prob-
bly endogenous TRPM7 (75 ± 27 pA/pF) that is activated
ver a longer period of time, as depicted in Fig. 2A.
hen expressed in HEK293 cells, the TRPM6 pore mutants

howed three different phenotypes: E1029A displayed a time-
ourse of activation and a current amplitude similar to wild-
ype TRPM6 (n = 10 cells) (Fig. 2B), I1030M and V1032A
howed activation kinetics similar with TRPM6, while their
urrent amplitudes were significantly reduced (178 ± 40
nd 150 ± 45 pA/pF respectively versus 295 ± 40 pA/pF,
< 0.05, n = 10 cells for each mutant), as depicted in Fig. 2C
nd D, and E1024A and D1031A showed no current (n = 5
ells) (Fig. 2E). Mutations in the pore region of TRPM6 did
ot change the current–voltage properties of the currents as
ummarized in Fig. 2F.

Interestingly, when co-expressed with wild-type TRPM6
n a 1:1 cDNA ratio, D1031A showed a dominant neg-
tive effect since the currents recorded from these cells
n = 8 cells) were identical in the time-course of development,
urrent–voltage relation and amplitude with the currents from
T cells as shown in Fig. 3. The dominant negative effect
f D1031A suggests that assembly with wild-type TRPM6 is
ot disturbed. Channel complexes containing wild-type and
utant proteins could be retained at the endoplasmic reticu-
um or reach the plasma membrane showing defective pore
rchitecture. Likewise, expression of D1031A alone could
ave the same outcome as the co-expression with wild-type
RPM6. Despite repetitive attempts, the low abundance of
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Fig. 2. Functional expression of wild-type TRPM6 and pore mutant proteins. (A) Average time-course of inward (at −80 mV) and outward currents (at
+80 mV) development from cells expressing wild-type TRPM6 (�), and non-transfected cells (NT, �). (B–E) Average time-course of inward and outward
currents development from cells expressing the mutant E1029A (B), I1030M (C), V1032A (D), E1024A (�) and D1031A (©) (E); the dotted line indicates the
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nder experimental conditions as in other panels, measured 200 s after who

RPM6 proteins at the plasma membrane did not allow us
o determine whether these proteins are expressed at the cell
urface.

.3. Conductance profile of TRPM6 pore mutants

To establish the conductance properties of TRPM6, we
etermined the permeation profile of the wild-type chan-
el and the functional pore mutants. The permeation rank
rder of divalent cations compared to Ca2+ was assessed by
he ratio of inward current at −80 mV, when Ca2+ ions are

quimolarly substituted by other divalent cations. When nor-
alized to the inward current amplitude in the presence of

0 mM Ca2+, the following conductance profile for TRPM6
as obtained: Ba2+ (1.66) > Ni2+ (1.16) > Mg2+ (1.08) > Zn2+

i
g
Z
a

ls transfected with either TRPM6, or mutant proteins as indicated, obtained
stablishment.

1.01) ≥ Ca2+ (1.00) (n = 5–8 cells) (Fig. 4A). The per-
eation rank order obtained for the mutant E1029A was:
a2+ (2.34) > Zn2+ (1.29) > Ni2+ (1.14) > Mg2+ (1.08) > Ca2+

1.00) (Fig. 4B). The E1029A displayed an increased con-
uctance to Ba2+ and Zn2+ compared to TRPM6. For the
ermeation rank order of the mutant I1030M, the follow-
ng values were obtained: Ba2+ (1.74) > Mg2+ (1.01) ≥ Ca2+

1.00) ≥ Zn2+ (0.99) > Ni2+ (0.92) (n = 5 cells) (Fig. 3C). The
1030M mutant had a lower conductance for Ni2+ compared
o TRPM6. These data are summarized in Fig. 4D.

To further characterize the TRPM6 pore permeability,

ts permeation profile was compared with the homolo-
ous TRPM7 channel as previously described by Monteilh-
oller et al. [20]. When normalized to the inward current
mplitude in 10 mM Ca2+, the following relative values
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Fig. 3. Effect of co-expression of wild-type TRPM6 and the pore mutant D1031A. (A) Average time-course of inward and outward currents development from
cells expressing wild-type TRPM6 (dotted line) or TRPM6 with the pore mutant D1031A. (B) Current–voltage relations from HEK293 cells transfected with
either wild-type TRPM6, or TRPM6 with the pore mutant D1031A, measured 200 s after whole-cell establishment. (C) Histogram summarizing the currents
amplitudes measured 200s after whole-cell establishment at +80 mV from NT cells, cells transfected with wild-type TRPM6 and cells transfected with TRPM6
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ere obtained for TRPM7: Ba2+ (4.62) > Ni2+ (3.69) > Zn2+

2.11) > Mg2+ (1.24) > Ca2+ (1.00) (n = 8 cells). This com-
arison, summarized in Fig. 4E, revealed that TRPM6 and
RPM7 display different permeation rank orders in the
ay that TRPM6 has a higher conductance for Mg2+ than
RPM7.

Next, the effect of micromolar concentrations of divalent
ations (Ca2+ and Mg2+) present in the extracellular solu-
ions on inward monovalent (Na+) current was investigated.
s shown in Fig. 5A and B, both Mg2+ and Ca2+ inhibited the
RPM6 current in the micromolar range. The concentration

or half-maximal TRPM6 current inhibition (IC50) was cal-
ulated from the dose–response curve for Mg2+ (n = 5 cells
or each point) (Fig. 5C) and Ca2+ (n = 5 cells for each point)
Fig. 5D) and yielded values of 0.9 and 3.5 �M with Hill
oefficients of 0.8 and 0.83 respectively. These values were
n concordance with the ones from our previous paper [6]. For
he pore mutants, the IC50 for Mg2+ sensitivity was (in �M):

.1, 1.0 and 0.8, for E1029A, I1030M and V1032A, respectively
Fig. 5E), while the IC50 for Ca2+ sensitivity for the pore
utants was (in �M): 3.4, 3.6 and 3.4 for E1029A, I1030M

nd V1032A, respectively (Fig. 5F). No significant differ-
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nces were observed between the pore mutants and wild-type
RPM6.

.4. Effect of pore mutations on TRPM6 ruthenium red
ensitivity

As previously demonstrated, TRPM6 can be blocked
y the hexavalent cation ruthenium red (RR) in a voltage-
ependent manner [6]. As depicted in Fig. 6A–D, RR blocked
pecifically the inward monovalent currents carried by wild-
ype TRPM6 or the pore mutants. To determine which amino
cid residues in the TRPM6 pore are involved in the inhibitory
ffect of RR, a dose–response curve was established for RR
lock of the inward TRPM6 and pore-mutant’s monovalent
urrents (n = 5 cells for each point) (Fig. 6E). The follow-
ng IC50 for RR sensitivity were obtained (in �M): 15.3
or E1029A with the Hill coefficient of 0.92, 11.9 for I1030M
ith Hill coefficient of 0.77 and 4.8 for V1032A with a Hill
oefficient of 0.84 compared to 5.3 for TRPM6 with a Hill
oefficient of 0.90. E1029A and I1030M mutants showed a
ignificantly (p < 0.05) reduced sensitivity to RR compared
o wild-type channel.
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Fig. 4. Divalent permeation through wild-type TRPM6 and pore mutant proteins. (A–C) Magnified views of the inward currents recorded with extracellular
solutions containing 10 mM of the indicated divalent cations, from HEK293 cells expressing TRPM6 (A), E1029A (B) and I1030M (C). (D) Histogram summarizing
relative permeation rank order determined from the ratio of inward current for the indicated divalent cation, for TRPM6 (black bars) and pore mutants E1029A
(white bars) and I1030M (grey bars) (asterisks represent p < 0.05 vs. wild-type TRPM6). (E) Histogram summarizing the relative permeation profile for TRPM6
(black columns) and TRPM7 (white columns) determined from the ratio of inward current amplitude in the presence of the indicated divalent cation, and the
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.5. Measurement of the pore diameter of TRPM6

To estimate the TRPM6 pore diameter, the permeability
atios of currents carried by organic monovalent cations
f increasing size relative to Na+ current were measured.
hen Na+ was used as the sole charge carrier, the current

everted close to 0 mV and had a slightly inward-rectifying
hape (Fig. 7A). All Na+ ions from the extracellular
olution were substituted by methyl-ammonium or its di-,
ri- and tetra methyl derivatives (MA+, DMA+, TriMA+,
etMA+), or by the larger organic cation N-methyl-d-
lucamine (NMDG+). All the tested cations were able to
ermeate wild-type TRPM6, E1029A and I1030M channels

Fig. 7A–C). The permeability ratios relative to Na+ (PX/PNa)
ere calculated from the biionic reversal potentials [16]:
.827 ± 0.004, 0.483 ± 0.007, 0.360 ± 0.015, 0.262 ± 0.016
nd 0.230 ± 0.015 for MA+, DMA+, TriMA+, TetMA+

b
T
c
s

nd NMDG+ respectively. Fig. 7D depicts the permeability
atios of the different cations versus their estimated diameter
or TRPM6, E1029A and I1030M (n = 5 cells for each point).
ata points were fitted using Eq. (1) (see Section 2 for more
etails) resulting in significant differences (p < 0.05) in pore
iameters of 1.15, 1.25 and 1.05 nm for TRPM6, E1029A
nd I1030M, respectively.

To further delineate the selectivity filter of TRPM6, two
himeras were prepared in which the identified selectivity fil-
ers of TRPM4 or TRPV6 were inserted. To this respect an
mino acid stretch from the TRPM6 pore 1028GEIDVC1033

as replaced by the sequence 981EDMDVA986 to con-
truct the TRPM6-TRPM4 selectivity filter chimera and

y the sequence 539TIIDGP544 to create the TRPM6-
RPV6 chimera. Both constructs resulted in non-functional
hannels when expressed in HEK293 cells (data not
hown).
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Fig. 5. Mg2+ and Ca2+ inhibit TRPM6-mediated inward monovalent currents. (A and B) Current–voltage relations obtained from HEK293 cells expressing
T Mg2+,
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RPM6 in divalent-free solution (DVF) and in the presence of 0.1 and 1 �M
onovalent current at −80 mV by Mg2+. (D) Dose–response curve for the inh

urves for the inhibition of inward monovalent current by Mg2+ (E) and Ca

. Discussion

The Mg2+-selective cation channel TRPM6 represents
he first molecular key player of transcellular Mg2+

re)absorption in renal and intestinal epithelia. Mutations
n TRPM6 described for HSH patients imply that TRPM6
ndeed plays a crucial role as the gatekeeper of Mg2+

re)absorption. The present study indicates that a short amino
cid stretch of the pore region, 1028GEIDVC1033, determines
he TRPM6 permeability properties and its sensitivity to the
hannel pore blocker, RR. Our conclusions are based on
he following experimental observations. First, the mutant
1029A shows different permeation properties compared to
ild-type TRPM6. Second, the estimated pore diameter of

RPM6 increases when E1029 is neutralized into an alanine
nd decreases when I1030 is changed into a methionine. Third,
he sensitivity of TRPM6 to RR block depends on the E1029

nd I1030 residues in the pore-forming region of the channel.

e
1

o
i

or 1 and 5 �M Ca2+. (C) Dose–response curve for the inhibition of inward
of inward monovalent current at −80 mV by Ca2+. (E and F) Dose–response
r the pore mutant proteins, E1029A (�), I1030M (�) and V1032A (�).

.1. TRPM6 pore localization

Mutations that affect basic pore properties have been
ainly described for the TRPV (vanilloid) subfamily, namely
RPV1, TRPV4, TRPV5 and TRPV6 [21–23], while the only
haracterized member of TRPM subfamily is TRPM4 [24].
or TRPV5 and TRPV6, it has been shown that neutralization
f an aspartate residue, D542 in TRPV5, which corresponds
o D541 in TRPV6, abolishes the Ca2+ permeation, Ca2+-
ependent current decay and block by extracellular Mg2+,
hereas permeation of monovalent cations remains basically

ntact [25].
Although the molecular determinants of TRPM6 Mg2+

electivity were not fully revealed with this study, we obtained

ssential evidences that the region between the residues
028GEIDVC1033 forms a part of the TRPM6 pore based
n the fact that neutralizing the negatively charged residues
n this region resulted in channels with different character-
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Fig. 6. The inhibitory effect of ruthenium red (RR) on TRPM6 pore mutants. (A–D) Current–voltage relations of monovalent currents in absence (solid lines),
o ashed
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r in the presence of RR either at 5 �M RR (dotted lines) or 10 �M RR (d
utants E1029A (B), I1031M (C) and V1032A (D). (E) Dose–response curves

nd the pore mutant proteins: E1029A (�), I1030M (�) and V1032A (�).

stics. Moreover, replacing the putative selectivity filter of
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Fig. 7. Measurements of the TRPM6 pore diameter. (A–C) Extracts of current–voltage relations obtained during voltage ramps in divalent-free (DVF) solutions
containing Na+, methylammonium (MA+), dimethylammonium (DMA+), trimethylammonium (TriMA+), tetramethylammonium (TetMA+), or N-methyl-d-
glucamine (NMDG+) as the sole extracellular cation, from cells expressing TRPM6 (A), E1029A (B) and I1030M (C). (D) The relative permeabilities (PX/PNa)
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omplex pore structure compared to their close relatives of
he TRPV subfamily.

.2. TRPM6 pore properties
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We and other groups [6,13] are able to record TRPM6-
ssociated currents in HEK293 cells without co-expressing
RPM7, whereas Gudermann and co-workers suggested that
RPM6 requires co-expression with TRPM7 to form func-

ional channels at the plasma membrane [11]. Moreover,
i et al. could demonstrate functional differences at the
ivalent ions permeation and single channel conductance
etween homomeric TRPM6 and TRPM7 and heteromeric
RPM6/TRPM7 channels [13]. These apparent contradic-

ions could be reconciled by the fact that we can detect
ow TRPM7-like endogenous currents in non-transfected
EK293 cells.
In conclusion, the molecular determinants of Mg2+ selec-

ivity and permeation of TRPM6 appear to be determined
y changes in a stretch of amino acid residues from the
ore region, 1028GEIDVC1033, rather than by a single residue
s demonstrated for the Ca2+ selective TRPV5 and TRPV6
hannels. Subsequent studies like crystallographic assays
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