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Supporting Information Text 

 
SI Materials and methods 
 
Measuring temperature dependence of Ca-gluconate Kd, calibration of free [Ca2+] at each 
temperature. Free [Ca2+] in the micromolar range was determined as described (12). Ca-Green 
5N (Invitrogen) fluorescence (excitation, 505 nm; emission, 535 nm) was measured in a cuvette-
based fluorimeter (DeltaRAM, Photon Technology Industries). Apparent binding parameters (Kd, 
n) of the dye at 25, 30, 37 and 40°C and pH 7.1 were first obtained by stepwise titration with 
CaCl2 in a solution initially containing 100 mM KCl, 2 mM MgCl2, 10 mM HEPES and 1 μM Ca-
Green 5N at each test temperature, followed by fitting plots of (F-Fmin)/(Fmax-F) vs. [Ca2+] with the 
function y=(x/Kd)

n (Fig. S5A-C). Using the determined dye parameters free [Ca2+] could be 
accurately predicted in the range of 2-100 M (Fig. S5D). 
 In electrophysiological experiments Ca2+ concentrations in the micromolar range were 
buffered using 144 mM gluconate. Temperature dependence of Kd of Ca-gluconate was 
determined as described (1) by stepwise titration, at each temperature, of our standard bath 
solution (144 mM Na-gluconate, 2 mM Mg-gluconate2, 10 mM HEPES, pH=7.1) with CaCl2; plots 
of free [Ca2+] vs. added [Ca2+] (Fig. S5F) were fitted to a simple binding equation with Kd and total 
background [Ca2+] as the free parameters. The obtained, temperature-adjusted Kd of Ca-
gluconate (Fig. S5F) and the obtained total background Ca2+ (~17 M) were used to calculate, at 
each temperature, free [Ca2+] following addition of various concentrations of Ca-gluconate2 to the 
standard bath solution (summarized in Table S1). 
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Fig. S1. Basic biophysical properties of TRPM2 channels in HEK-293 cell membranes 
resemble those reported for TRPM2 in Xenopus laevis oocyte membranes. A-B, Quasi-
macroscopic inward currents of WT (A) and T5L (B) TRPM2 channels in inside-out patches at 
25oC, activated by 134 M Ca2+ (black bars) + 32 M ADPR (gray bars). Membrane potential (Vm) 
was -20 mV. Inactivation time course in A is fitted by a single exponential (green curve). C, 
Unitary openings at various voltages (left) and unitary current-voltage relationship (right) of T5L 
TRPM2 in symmetrical 140 mM Na+ at 25oC; the slope of the linear regression fit (black line) is 
782 pS. D, F, T5L TRPM2 currents evoked by (D) 32 M ADPR (gray bars) and various 
concentrations of Ca2+ (black bars, [Ca2+] in M), or (F) 134 M Ca2+ (black bars) and various 
concentrations of ADPR (gray  bars, [ADPR] in M). Vm was -20 mV. E, G, Dose response curves 
of macroscopic T5L TRPM2 currents for (E) Ca2+ and (G) ADPR, with the other ligand kept 
saturated. Currents were normalized to the mean of the currents observed during bracketing 
exposures to 134 M Ca2+ + 32 M ADPR in the same patch. Data in C, E, G represent 
meanSEM, n=3 (C), 6-7 (E), 15-21 (G). Curves are fits to the Hill equation with fit parameters 
plotted in the panels. Obtained parameters closely resemble those reported for T5L TRPM2 
studied in Xenopus laevis oocyte membranes (2). 
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Fig. S2. Endogenous TRPM4-like channels, but not TRPM2, are blocked by cytosolic AMP. 
A, Exposure to cytosolic Ca2+ (134 M) activates endogenous cation channels in an inside-out 
patch from an untransfected HEK-293T cell. The currents are inhibited by cytosolic exposure to 
AMP, ADP, and ATP (colored bars). B, Dose response curves of inhibition by AMP (purple), ADP 
(green) and ATP (gold) of the endogenous current. Currents were normalized to the mean of the 
currents observed during bracketing exposures to 134 M Ca2+ alone in the same patch. Purple 
curve is a fit of the AMP data to the Hill equation with fit parameters plotted. C,  Unitary openings 
at various voltages (left) and unitary current-voltage relationship (right) of the endogenous 
channels in symmetrical 140 mM Na+; the slope of the linear regression fit (black line) is 251 pS. 
D, (Left) Large macroscopic T5L TRPM2 current in inside-out patch from a transfected HEK-293T 
cell, evoked by exposure to 134 M Ca2+ + 32 M ADPR with or without 200 M AMP (purple 
bar). (Right) Fractional effect of 200 M cytosolic AMP on TRPM2 currents (striped bar). In A, D, 
Vm=-20 mV. Temperature is 25oC.  Data in B, C, D represent meanSEM, n=4-8 (B, AMP), 3-5 
(B, ADP), 4-5 (B, ATP), 3 (C), 7 (D). 
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Fig. S3. Fractional stimulation of WT TRPM2 by agonist spiking is invariant to current 
rundown. A-B, Transient activation of macroscopic inside-out patch currents of WT TRPM2 
channels at 37oC (A) and 40oC (B) by cytosolic superfusion with 0.1 M Ca2+ + 2 M ADPR, with 
~1 mM free Ca2+ present in the extracellular (pipette) solution. Cytosolic agonist concentrations 
were repeatedly briefly (for ~1-2 s) raised to saturating levels (concentrations indicated above 
bars; in M). Vm was -80 mV. Cyan insets illustrate relaxation time courses during agonist spiking, 
with time constants comparable to that of solution exchange. Yellow insets illustrate gating 
patterns of last surviving channels. C, Fractional current responses to brief agonist "spiking" at  
37oC (orange circles) and 40oC (red triangles) plotted as a function of the time lag between initial 
channel activation (by exposure to 0.1 M Ca2+ + 2 M ADPR) and the subsequent high-agonist 
"spike". 
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Fig. S4. Excessive cytosolic Ca2+ buffering blunts stimulation of WT TRPM2 channels by 
Ca2+ influx. A, Transient activation of macroscopic inside-out patch current of WT TRPM2 
channels at 40oC by cytosolic superfusion with 0.1 M Ca2+ + 2 M ADPR, with ~1 mM free Ca2+ 
present in the extracellular (pipette) solution. Cytosolic [Ca2+] was buffered using 10 mM BAPTA. 
Cytosolic agonist concentrations were briefly (for ~1.5 s) raised to saturating levels 
(concentrations indicated above bars; in M). Vm was -80 mV. B, Comparison of estimated Po 
(meanSEM) of TRPM2 channels at 40oC under the following three conditions: (Left) 2 M 
extracellular Ca2+, cytosolic 4 nM Ca2+ (1 mM EGTA) + 32 M ADPR (T5L, replotted from Fig. 
1C); (Center) 1 mM extracellular Ca2+, cytosolic 100 nM Ca2+ (1 mM EGTA) + 2 M ADPR (WT, 
replotted from Fig. 5E); (Right) 1 mM extracellular Ca2+, cytosolic 100 nM Ca2+ (10 mM BAPTA) + 
2 M ADPR (WT, from panel A, n=11). For the latter condition estimated (using Eq. 1) free [Ca2+] 
around the activating sites is 1.2 M. 
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Fig. S5. Temperature dependence of the dissociation constant of Ca-gluconate. A, 
Calibration curve of the dye Ca-green-5N obtained by incremental addition of CaCl2 to a 140 mM 
KCl-based solution at 30oC (black symbols) and a fit of the plot to y=(x/Kd)

n (Materials and 
methods; black curve) to obtain the plotted dye parameters Kd and n. B, C, Temperature 
dependence of dye parameters (B) Kd and (C) n (black symbols), and linear regression fits (black 
lines). Solid symbols represent meanSEM, n=2-4. Open symbols represent extrapolated dye 
parameters at 40oC. D, Control [Ca2+] prediction at 30oC, obtained by incremental addition of 
CaCl2 to a 140 mM KCl-based solution. Black symbols plot predicted free Ca2+ (meanSEM, n=4) 
using the dye parameters from A, B; black line is a fit of the function y=x+[Ca2+]bas. E, Gluconate 
titration with Ca2+ at 30oC, obtained by incremental addition of CaCl2 to a 140 mM Na-gluconate 
based solution. Black symbols plot predicted free Ca2+ using the dye parameters from A, B; black 
curve is a fit of a simple binding equation (Materials and methods) yielding the plotted Kd of Ca-
gluconate. F, Temperature dependence of the Kd of Ca-gluconate (black symbols) and linear 
regression fit (black line). Solid symbols represent meanSEM, n=2-4. Open symbol represents 
extrapolated Kd at 14oC. For all titrand solutions pH was adjucted to 7.1 at all studied 
temperatures. 
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Table S1. Calculated free [Ca2+] in our Na-gluconate based bath solution with various 
amounts of added Ca-gluconate2, at the temperatures employed in this study. 

 
 
T(oC) [Ca2+]added (M) [Ca2+]free (M) 
    

 0 2.47 
 32 7.31 
 100 17.6 
14 320 50.8 
 1000 153 
 3200 477 
 10000 1422 
   
 0 2.16 
 32 6.42 
25 100 15.4 
 320 44.6 
 1000 134 
 3200 418 
   
37 1000 113 
   
 0 1.73 
 10 2.79 
40 32 5.13 
 100 12.4 
 1000 107 
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Movie S1 (separate file). Morphs created (USCF Chimera) by linear interpolation between the 
structures of (Top left) apo (6BPQ) vs. WS-12+PIP2-bound (6NR2) TRPM8 from Ficedula 
albicollis, (Bottom left) apo (6O6A) vs. Ca2+-bound (6O77) TRPM8 from Parus major, (Top right) 
apo (6PUO) vs. Ca2++ADPR-bound (6PUS) human TRPM2, and (Bottom right) apo (6DRK) vs. 
Ca2++ADPR-bound (6DRJ) TRPM2 from Danio rerio. Conserved TRPM domains are in light pink, 
the NUDT9H domains of the TRPM2 orthologs are in pale cyan. Yellow lines indicate 
approximate membrane boundaries.   

 
 
 
SI References 
 

1. L. Csanády, B. Torocsik, Four Ca2+ ions activate TRPM2 channels by binding in deep 
crevices near the pore but intracellularly of the gate. J. Gen. Physiol 133, 189-203 (2009). 

2. B. Tóth, L. Csanády, Pore collapse underlies irreversible inactivation of TRPM2 cation 
channel currents. Proc. Natl. Acad. Sci. U. S. A 109, 13440-13445 (2012). 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




