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The molecular basis for divalent cationic permeability in tran-
sient receptor potential melastatin subtype (TRPM) channels is
not fully understood. Here we studied the roles of all eight acidic
residues, glutamate or aspartate, and also the glutamine residue
between pore helix and selectivity filter in the pore of TRPM2
channel. Mutants with alanine substitution in each of the acidic
residues, except Glu-960 and Asp-987, formed functional chan-
nels. These channels exhibited similar Ca?>* and Mg?* perme-
ability to wild type channel, with the exception of the E1022A
mutant, which displayed increased Mg®>* permeability. More
conservative E960Q, E960D, and D987N mutations also led to
loss of function. The D987E mutant was functional and showed
greater Ca®" permeability along with concentration-dependent
inhibition of Na*-carrying currents by Ca®>*. Incorporation of
negative charge in place of GIn-981 between the pore helix and
selectivity filter by changing it to glutamate, which is present in
the more Ca®>*-permeable TRPM channels, substantially
increased Ca®>* permeability. Expression of concatemers linking
wild type and E960D mutant subunits resulted in functional
channels that exhibited reduced Ca®>" permeability. These data
taken together suggest that Glu-960, GIn-981, Asp-987, and
Glu-1022 residues are engaged in determining divalent cationic
permeation properties of the TRPM2 channel.

The melastatin subtype of transient receptor potential
(TRPM)® ion channels is widely expressed in neuronal, cardio-
vascular, immune, and endothelial cells where they are engaged
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in diverse physiological and pathophysiological processes
(1-7). TRPM2 channels are activated by adenosine diphospho-
ribose (ADPR) and also by oxidative stress and mediate
immune function, insulin secretion, endothelial permeability,
and cell death that are induced by oxidative stress (8 —14).

All members of the transient receptor potential (TRP) chan-
nel superfamily, which includes TRPC, TRPV, TRPM, TRPP,
TRPML, and TRPA subfamilies, have a basic architecture sim-
ilar to voltage-gated potassium channels, with homo- or het-
ero-tetrameric arrangements around a central ion-conducting
pore (1, 7, 15). Each subunit is considered to have intracellular
N and C termini and six transmembrane segments (S1-S6)
with a re-entrant pore loop connecting S5 and S6 (see Fig. 1A4).
Despite significant differences in the amino acid residue
sequences of the pore loop among different TRP subfamilies,
there are two stretches of amino acid residues that are thought
to form the pore helix and the ion selectivity filter of these
channels, respectively (15).

TRPM channels, including TRPM2, show considerable per-
meability to Ca®>" and other divalent cations, with the excep-
tion of TRPM4/5 channels that are selective for monovalent
cations (8, 9, 13—18). The molecular basis for divalent cationic
permeability of TRPM channels is not fully understood. Accu-
mulating evidence supports an important role of the ion selec-
tivity filter in Ca®>* and Mg?" permeation of TRPV and TRPM
channels (15, 19-26). A consistent feature is conserved acidic
or negatively charged residues in the selective filter. Such resi-
dues are determinants of selective permeation to cations, espe-
cially Ca®", in several ion channels (15, 27, 28). Indeed these
residues are recognized to be important in TRPV channels (19 -
21); however, their role in TRPM channels is less clear. Alanine
substitution in TRPM4 (D984A) or TRPM6 (D1031A) leads to
loss of function (22, 25). In contrast, the TRPM7 channel car-
rying the D1054A mutation is functional and has virtually the
same pore properties as wild type (WT), including the Ca®* and
Mg>* permeation (23). Neutralization of Glu-1029 in TRPM6
or Glu-1052 in TRPM?7 in the linker region between the pore
helix and the selective filter significantly reduces Ca®>" and
Mg>" permeability. Conversely, incorporation of negative
charge to the equivalent GIn-977 in TRPM4 or GIn-914 in
TRPMS substantially increases Ca®>" permeability (22—24).

Here we examined all the acidic pore residues and addition-
ally GIn-981 in the linker region of TRPM2 channel (see Fig.
1A). We found that the residues Glu-960, GIn-981, and Asp-
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TABLE 1
Compositions of extracellular recording solutions (in mm)
Solutions
NaCl KCl MgCl, CaCl, HEPES Glucose

Standard 147 2 1 2 10 13
147 NaCl + 2 CaCl, + 1 MgCl, 147 0 1 2 10 13
147 NaCl (no CaCl,) 147 0 0 0 10 24
147 NaCl + 0.1 CaCl, 147 0 0 0.1 10 24
147 NaCl + 0.3 CaCl, 147 0 0 0.3 10 22
147 NaCl + 1 CaCl, 147 0 0 1 10 21
147 NaCl + 2 CaCl, 147 0 0 2 10 17
147 NaCl + 3 CaCl, 147 0 0 3 10 11
147 NaCl + 10 CaCl, 147 0 0 10 10 0
147 NaCl + 2 MgCl, 147 0 2 0 10 20
110 CaCl, 0 0 0 110 10 24
110 MgCl, 0 0 110 0 10 24

987 contribute significantly to defining Ca®>" permeation and
Glu-1022 to Mg®" permeation of the TRPM2 channel.

EXPERIMENTAL PROCEDURES

Constructs, Cell Culture, and Transfection—The construct
encoding human TRPM2 (8) with a C-terminal EE epitope (29)
was used. Mutations were introduced using QuikChange sys-
tem (Stratagene) and confirmed by sequencing. The constructs
encoding subunit concatemers with a C-terminal EE epitope
were made as follows. Firstly, the sequence (nucleotides 1-700)
encoding part of the TRPM2 N terminus (TRPM2N) was
amplified by PCR using Pfu and forward primer 5'-TCTCT-
AGAATGGAGCCCTCAGCCCTGAGG-3" (Xbal sequence
underlined and TRPM2 sequence in italic) and reverse primer
5'-TCAGTACAGGTAGAGCAAGGTGTCC-3'. The result-
ant PCR product containing Xbal site was inserted into pCR2.1
following the manufacturer’s instructions (Invitrogen) to gen-
erate  TRPM2N-pCR2.1. Secondly, the vector sequence
between EcoRI and Xbal and the TRPM2 sequence between
Xbal and Sacl were separately excised from TRPM2N-pCR2.1
and ligated with the sequence between Sacl and EcoRI from
TRPM2-EE-pcDNA3.1 to generate TRPM2-EE-pCR2.1.
Finally, the TRPM2-EE sequence between Xbal and HindIII
was excised from TRPM2-EE-pCR2.1 to replace the sequence
between Xbal and Pmel in TRPM2-Myc-pcDNA3.1 to produce
the constructs encoding concatenated subunits (see Fig. 44).
Maintenance of human embryonic kidney cells (HEK293) and
transient transfection with plasmids were described previously
(29).

Biotin Labeling and Western Blotting Analysis—Experiments
were performed as described previously (29, 30). Proteins were
resolved on SDS-PAGE gels and detected using primary rabbit
anti-EE antibody (1:2000 dilution; Bethyl Laboratories) and
secondary goat horseradish peroxidase-conjugated anti-rabbit
IgG antibody (1:2000 dilution; Santa Cruz Biotechnology).

Electrophysiological Recording—Whole-cell recordings were
made using an Axopatch 200B amplifier at room temperature
2448 h after transfection as described previously (29, 30).
The data were filtered at 2 kHz and sampled at 10 kHz. Cells
were held at —40 mV and voltage ramps with a 1-s duration
from —120 mV to 80 mV were applied every 5 s. The currents at
—80 mV denoted in the figures by circles (see Figs. 1, Band C, 3,
A-D, and 4, C and D) were obtained from the current
responses to voltage ramps. In some experiments, cells were
held constantly at —40 mV or 40 mV, and the currents were
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plotted as continuous lines (see Fig. 3E). Intracellular solu-
tion contained (in mm): 147 NaCl, 0.05 EGTA, 1 MgCl,, 10
HEPES, 1 Na,ATP, and 1 ADPR. Table 1 lists the composi-
tions of extracellular solutions used. Flufenamic acid (FFA)
(0.5 mm) (31) or N-(p-amylcinnamoyl) anthranilic acid (20
uM) (32) was applied at the end of each recording via a RSC-
160 system (Biologic Science Instruments) to confirm
TRPM2 channel-mediated currents.

The reversal or zero-current potentials (E,) were determined
from current responses to the aforementioned voltage ramps.
After cell-attached configuration was established in standard
extracellular solution, application of voltage ramps started and
continued throughout experiments, during which whole-cell
configuration was achieved at least 2 min after the external
solution was replaced with the indicated extracellular solutions.
The flufenamic acid/anthranilic acid-insensitive current com-
ponents were negligible (e.g. Fig. 1B), and no subtraction from
the total currents was made. The reversal potentials were cor-
rected for liquid junction potentials as we described previously
(33). Ion activities were used, converted from ion concentra-
tions using the following coefficients: vy, = 0.75, yo, = 0.28,
and vy, = 0.34. The relative permeability Py /Py, (X = calcium
or magnesium) were derived using the Goldman-Hodgkin-
Katz equation (8, 23): P, /Py, = [Na], exp(E,F/RT) (1 + exp
(E,FIRT))/4(X],, where F, R, and T are Faraday constant, gas
constant, and absolute temperature.

Data Analysis—All the data, where appropriate, are pre-
sented as mean = S.E. The calcium inhibition was estimated by
fitting to the Hill equation: I/I (%) = (100 — C)/[1+ ([calcium]/
IC,,)"], where I is the sustained current as a percentage of the
peak current (1), Cis the Ca*>"-insensitive current component,
IC, is the concentration producing half-maximal inhibition,
and # is the Hill coefficient. Curve fitting was carried using
Origin (OriginLab, Northampton, MA). Comparisons were
made using the Student’s ¢ test between two groups or analysis
of variance (post hoc Tukey) between multiple groups with sig-
nificance at the level of p < 0.05.

RESULTS

Effects of Mutating Acidic Pore Residues on Functional Chan-
nel Expression—Cells expressing WT TRPM2 channels
responded to a supramaximal concentration of intracellular
ADPR (1 mm) with robust currents that exhibited typical linear
I/V relationship (Fig. 1B), as reported previously (29, 30).
Expression of D1002A and E1010A mutants yielded current
responses and I/V relationships that were virtually the same as
WT (Fig. 1, B and C). D964A, E994A, and D1012A mutants
showed similar currents (Fig. 1C) and I/V relationships (data
not shown). There were no currents in cells expressing E960A
and D987A mutants. Currents for the E1022A mutant were
significantly reduced when compared with WT (Fig. 1C)
despite normal surface expression shown by biotin-labeling
analysis (supplemental Fig. 1).

We made further substitutions at positions 960 and 987 (Fig.
1C). Although the charge-conserving mutation E960D led to
complete loss of function, D987E was functional, albeit the cur-
rents being slightly smaller. Channel function was abolished by
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FIGURE 1. Effects of mutating pore residues on functional channel expression. A, left, schematic presentation of membrane topology of the TRPM2 subunit.
It contains six transmembrane segments (S1-S6) with a pore loop between S5 and S6, four TRPM homology domains in the N terminus (N), and a stretch of
highly conserved residues (TRP-box), a coiled-coil (CC) domain and NUTD9 homology (NUTD9-H) domain in the C terminus (C). Right, amino acid sequence
alignment of human TRPM1-8 pore loops using ClustalW. The highly conserved residues are highlighted in bold and gray, and the residues in TRPM2 examined
in this study (humbering according to hTRPM2) and those conserved in other TRPM subunits are in bold and black. B, representative ADPR-evoked currents at
—80 mV (top, denoted by circles) and I/V curves (bottom), obtained by voltage ramps applied every 5 s, from cells expressing the WT or indicated mutant
channels. The horizontal bars here and in the other figures represent application of flufenamic acid (0.5 mwm; black bars) or anthranilic acid (20 wm; hatched bars).
C, summary of the ADPR-evoked peak currents in cells expressing the WT or indicated mutant channels. The dotted line shows the mean current for the WT

channel. The number of cells examined in each case is indicated. *, p < 0.05, and ***, p < 0.001, when compared with WT.

charge neutralization of Glu-960 or Asp-987 by substitution
with other residues (Fig. 1C).

Effects of Mutating Acidic Pore Residues on Ca®" and
Mg®" Permeability—We next examined Ca®" and Mg>"
permeability relative to Na™ permeability of WT and func-
tional mutant channels. The results are summarized in Fig. 2.
The WT channel showed substantial permeation to both
Ca’" and Mg®" (P.,/Py, ~ 0.9 and Py, /Py, ~ 0.5), as
described previously (8, 9, 13, 14, 24). All the functional ala-
nine mutants, except E1022A, displayed similar Ca>" and
Mg>" permeability to WT. E1022A mutation resulted in
doubling of the Mg?" permeability with no change in the
Ca®" permeability. In contrast, D987E mutation conferred
significant increase in the Ca®>" permeability with no effect
on the Mg?" permeability. These data suggest that Glu-1022
and Asp-987 have distinct roles in the Mg®* and Ca*>" per-
meation of the TRPM2 channel.

An Additional Residue Differentially Influencing Ca®" and
Mg®" Permeability—We also examined the role of GIn-981
located in the linker region of the TRPM2 channel. This
residue is also present in TRPM4/5/8 channels but is
replaced with glutamate in the more Ca’>"-permeable
TRPM1/3/6/7 channels (Fig. 14). Q981E mutant was func-
tional (Fig. 1, B and C) and exhibited significant increase in
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the Ca®" permeability with no change in the Mg>" perme-
ability (Fig. 2).

Ca”" Inhibition of Na ™ -carrying Currents of D987E Mutant—
Unlike the sustained currents observed at WT, the currents
for D987E mutant were transient in extracellular solution
containing Na™ as the major cation and low concentrations
of Ca®" and Mg>" (Fig. 3A4). In the absence of Ca®", the
currents for both WT and D987E mutant were stable but
considerably smaller (supplemental Fig. 2), likely reflecting
the lack of Ca®>*-dependent facilitation (34, 35). In the pres-
ence of extracellular Ca®>" (but absence of Mg>"), the cur-
rents for D987E mutant were large and also declined. The
current decline was, however, readily reversed upon the sub-
sequent removal of extracellular Ca®>* (Fig. 3B), suggesting
that the current decline primarily results from the inhibition
rather than desensitization of the ion-conducting channels.
Further analysis showed that the current inhibition by Ca®*
was concentration-dependent, with an IC,, of 580 uM and a
Hill coefficient of 1.7 (Fig. 3, C and D). We also measured
currents in isotonic CaCl, solution. Currents carried by
Ca>" were largely sustained for WT but diminished rapidly
for D987E mutant (supplemental Fig. 3).

To explore whether the current inhibition by Ca®>" resulted
from entry of extracellular Ca®" into the pore, we measured Na*
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outward currents at +40 mV to prevent extracellular Ca** from
entering the pore. We also measured Na™ inward currents at —40
mV, when extracellular Ca*>" can readily enter the pore. As illus-
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FIGURE 2. Mutational effects on the Ca®>* and Mg>* permeability. A, rep-
resentative I/V curves in extracellular 110 mm CaCl, (top) or 110 mm MgCl,
solution (bottom) for the WT, E1022A, D987E, or Q981E mutant channels.
B and C, summary of the P../Py, (B) and P,,,/Py\, (C), derived from reversal
potentials determined from the I/V curves s?wwn in A, for all the channels
examined. The dotted lines show the mean values for the WT channel. The
number of cells examined in each case is indicated. *, p < 0.05, and ***, p <
0.001, when compared with WT.
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trated in Fig. 3E, the outward currents at +40 mV showed minimal
decline, whereas the inward currents at —40 mV were transient.

Ca®" and Mg®" Permeability of Subunit Concatemer
Channels—Loss of channel function resulting from mutation of
Glu-960 (E960D/Q) and Asp-987 (D987N) prevented us from
further studying the role of these two highly conserved resi-
duesin Ca®>" and Mg>* permeation of TRPM2 channel. In an
effort to overcome the difficulty, we concatenated WT and
mutant subunits (WT-E960D, WT-E960Q, and WT-D987N)
(Fig. 4A) and sought to express functional channels compris-
ing WT and mutant subunits. We also made WT-WT and
WT-D987E concatemers. As shown by Western blotting, the
protein expression was similar among the concatemers but
significantly lower when compared with WT or mutant sub-
unit alone (Fig. 4B). Expression of all the concatemers,
except WT-E960Q, resulted in ADPR-evoked currents with
typical linear I/V (Fig. 4, C and D). The same results were
obtained with concatemers in which mutations were intro-
duced in the first subunit (E960D-WT, E960Q-WT, and
D987N-WT) (Fig. 4D). Taken together, these data suggest
that both WT and mutant subunits contribute to the channel
assembly. Furthermore, the WT-WT concatemer exhibited
the same Ca?" and Mg®" permeability as WT (Fig. 5C), pro-
viding functional evidence indicating that subunit concate-
nation imposes negligible constraints affecting the ion-con-
ducting pore.

The concatemers containing D987E mutant subunit (WT-
D987E and D987E-WT) were more permeable to Ca?* than
WT-WT, consistent with the idea that D987E mutation
increased the Ca®>" permeability. However, the concatemers
having D987N mutant subunit
(WT-D987N and D987N-WT)
displayed similar Ca®>* permeabil-
ity to WT-WT (Fig. 5B). These
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FIGURE 3. D987E mutation confers concentration-dependent inhibition of Na*-carrying currents by
—80 mV (denoted by circles), obtained by voltage
ramps every 5 s, from cells expressing the WT or D987E mutant channels in extracellular 147 mm NaCl
solution containing 2 mm CaCl, and 1 mm MgCl, (A), 2 mm CaCl, (B), or CaCl, at the indicated concentra-
tions (C). D, summary of the sustained currents expressed as a percentage of the peak currents. The smooth
line for the D987E mutant channel represents the curve fit to the Hill equation (IC5, = 580 umand n = 1.7).
n = 4-7 cells for each data point. E, top, representative ADPR-evoked currents in cells expressing the
D987E mutant channel with membrane potentials being constantly held at 40 and —40 mV, respectively.
Bottom, summary of the sustained currents at 50 s after reaching the peak, expressed as a percentage of
the peak currents. The number of cells examined in each case is indicated. ***, p < 0.001 between inward

Ca?*., A-C, representative ADPR-evoked currents at

and outward currents.
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Channel—Charge-con-
serving or charge-neutralizing mu-
tation of Glu-960 prevented chan-
nel function (Fig. 1), despite
negligible effects on total and mem-
brane protein expression (supple-
mental Fig. 1). Loss of function
resulting from the E960D mutation
is intriguing, considering the fact
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FIGURE 4. Construction and expression of TRPM2 subunit concatemers. A, schematic diagram of TRPM2
subunit concatenation. The linker consists of serine and arginine (SR) residues. Position 960 was glutamate (WT),
glutamine (E960Q mutant), or aspartate (E960D mutant), and position 987 was aspartate (WT), asparagine (D987N
mutant), or glutamate (D987E mutant). N, N terminus; C, C terminus. B, Western blotting analysis of protein expres-
sion of the indicated subunits and subunit concatemers. The proteins were immunoprecipitated and detected by an
anti-EE antibody. The arrowheads denote the expected monomeric (M) and dimeric proteins (D), respectively. C, rep-
resentative ADPR-evoked currents at —80 mV (denoted by circles, top) and I/V curves (bottom), obtained by voltage
ramps applied every 5 s, from cells expressing the indicated subunit concatemers. ACA, anthranilic acid. D, summary
of the ADPR-evoked peak currents in cells expressing the indicated subunit concatemers. The number of cells
examined in each case is indicated. ***, p < 0.001, when compared with WT-WT.
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FIGURE 5. Ca%* and Mg?* permeability of functional subunit concatem-
ers. A, representative I/V curves from cells expressing the indicated concate-
mers in extracellular 110 mm CaCl, (top) or 110 mm MgCl, solution (bottom).
B and C, summary of the P.,/Py, (B) and Py,/Py, (C), derived from reversal
potentials measured from the I-V curves shown in A, for all the subunit con-
catemers examined. The dotted lines show the mean values for the WT chan-
nel. The number of cells examined in each caseis indicated. *, p < 0.05, and **,
p < 0.01, when compared with WT-WT concatemer and WT.

that aspartate is present in the corresponding position of

TRPM4/5 channels. The exact reasons are unclear and could
relate to subtle differences in the local structure due to adjacent
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further demonstrate that substitution
of Asp-987 with several other resi-
dues, except negatively charged gluta-
mate, also resulted in loss of function
(Fig. 1C). Thus the results from pres-
ent and previous studies indicate that
aspartate at this position is important
for functional expression of TRPM2/
4/6 channels.

Glu-960, Asp-987, and GIn-981 as Determinants of Ca®”"
Permeability—Glu-960, or its equivalent, is conserved in
Ca®*-permeable TRPM channels but is replaced by aspar-
tate in the Ca®>*-impermeable TRPM4/5 channels (Fig. 14).
Thus it would be informative if the E960D mutant were func-
tional. Although it was not, we adopted the subunit concat-
enation strategy and showed that the concatemer channels
carrying the E960D mutation (WT-E960D and E960D-WT)
exhibited reduced Ca®" permeability (Fig. 5), consistent
with a significant role of Glu-960 or the equivalent residue in
defining the Ca®>* permeation of TRPM channels.

Glu-960 is close to the extracellular end of S5 and therefore is
possibly situated on the wide external pore vestibule (15). Pre-
vious studies have identified residues in this microdomain that
interact with and mediate functional modulation of TRP chan-
nels by extracellular cations. These include Glu-543 in potenti-
ation of TRPC5 by La®** and H" (36, 37), Glu-600 in facilitation
of TRPV1 by H* (38), and His-896 in recovery from H™-en-
hanced inactivation of TRPMS5 (39). Glu-960 may also directly
interact with extracellular Ca*>*. E960D mutation shortens the
side chain by one CH, group and mayj, for this reason, reduce its
interaction with Ca>".

Asp-987 is the only fully conserved negatively charged res-
idue in the ion-selective filter of TRPM channels and also the
only negatively charged residue in the ion-selective filter of
TRPM2 channel (Fig. 14). The ion-selective filter is located
at the narrow part of the ion-conducting pathway and is
known to play a major role in the ion-selective permeation of
TRPV and TRPM channels (15). However, the role of the
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conserved aspartate residue in the Ca®>* and Mg>" perme-
ation of TRPM channels has not been demonstrated due to
difficulties associated with loss of function by alanine substi-
tution (22, 25) (Fig. 1C). We have shown here that functional
D987E mutant exhibited significantly increased Ca*" per-
meability (Fig. 2B). The D987E mutation also conferred
concentration-dependent inhibition of Na® currents by
Ca”". The inhibition was reversed by removing extracellular
Ca?" (Fig. 3B) or prevented by a positive membrane poten-
tial (Fig. 3E). The simplest interpretation is that Asp-987
interacts with permeant Ca®>" and that the D987E mutation,
which lengthens the side chain, enhances the interaction
with Ca®" by extending the negative charge further into the
ion-conducting pathway. Such an interpretation is sup-
ported by the findings that the WT-D987E but not
WT-D987N concatemer showed increased Ca*>" permeabil-
ity and Ca®>" inhibition of Na™ currents (Fig. 5 and supple-
mental Fig. 5). Lack of effects on Ca>" permeability and Ca®™
inhibition of Na™* currents for the WT-D987N concatemer,
however, should not be taken as evidence against the impor-
tance of the negative charge of Asp-987 because the concate-
mer channels still carry two WT subunits that may suffice to
retain the ion permeation properties.

TRPM2/4/5/8 channels contain glutamine (position 981 in
TRPM2) in the linker region between the pore helix and the
ion-selective filter; it is replaced with glutamate in other
TRPM channels that are more permeable to Ca>" (Fig. 14).
As expected, the Q981E mutation significantly enhanced the
Ca®" permeability (Fig. 2C) (24). Similarly, substitution with
glutamate of GIn-977 in TRPM4 or GIn-914 in TRPMS
increases the Ca>" permeability, whereas neutralization of
the corresponding Glu-1029 in TRPM6 or Glu-1052 in
TRPM7 decreases the Ca®>" permeability (22-24). These
results strongly support that this position also contributes
significantly to defining the Ca®>* permeation property of
TRPM channels.

Glu-1022 as a Determinant of Mg®" Permeability—With the
exception of TRPM4/5, TRPM channels are also permeable
to Mg>* (13, 23, 24, 26) (Fig. 2). Here we observed no change
in the Mg>" permeability in any of the TRPM2 mutant chan-
nels except E1022A (Fig. 2). Like Q981E mutation in
TRPM2, Q914E mutation in TRPMS8 had no effect on the
Mg>* permeability despite significant increase in the Ca**
permeability (24). One possible explanation is that perme-
ation of Ca®>"* and Mg>" engages distinct and yet overlapping
sets of residues. This notion is consistent with the finding
that E1022A mutation only increased the Mg®" permeability
(Fig. 2D).

In summary, we have provided evidence that three pore res-
idues (Glu-960, GIn-981, and Asp-987) contribute significantly
to defining the Ca®*" permeation of TRPM2 channel, and a
fourth residue (Glu-1022) contributes to Mg>" permeation.
Combined with results from previous studies (18 —26), our data
indicate that both conserved and channel-specific residues in
the pore domain together determine the selective cationic per-
meation properties of the TRPM channels.
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