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Experimental procedures

Materials: All DNA was synthesized and HPLC purified by Integrated DNA Technologies, Inc.
Ultrapure NaHEPES, NaMES and Tris were purchased from Sigma-Aldrich. Ultrapure hydrochloric acid
and metal salts (puratonic®) were purchased from Alfa Aesar. T4 polynucleotide kinase was purchased
from Invitrogen.

Biochemical assays: the substrate was labeled with [y-’P]-ATP on the 5’ termini using T4
polynucleotide kinase (Invitrogen). The enzyme and substrate were first heated to 80 °C and slowly
cooled to room temperature over the course of about 45 mins. Before starting the activity assay, 2.5 pL
DNA solution were added to 17.5 pL of stop solution (50 mM EDTA, 8 M urea, 90 mM boric acid,
0.05% xylene cyanol, and 0.05% bromophenol blue). To initiate the reaction, an equal volume of 2X
metal solution was mixed with the enzyme-substrate complex. At each time point, 5 uL of DNA was
taken out and added into the stop solution. The final conditions for the activity assay were: 5 uM enzyme,
5 nM substrate, 0.5 M NacCl, 0.5 M KCI, 50 mM MgCl,, and 50 mM HEPES at pH 7.0. The reaction was
then resolved on an 8 M urea 20% polyacrylamide gel and quantified on a Molecular Dynamics Storm
430 phosphorimager (Amersham Biocsciences). The percent cleavage vs. time was fitted to an
exponential decay function in Origin to obtain the k.

Fluorescence measurements: Fluorescence measurements were carried out on a Fluoromax-2 (HORIBA
Jobin Yvon inc., Edison, NJ) fluorometer using the constant wavelength analysis mode with excitation at
473 nm and emission at 520 nm.

To observe the Pb>" dependence, the fluorescence signal at 520 nm was monitored when various
concentrations of Pb>" were added to 10 nM of the sensor for duration of six minutes. The total volume of
the sensing solution was 500 pL. Data was collected at ten second intervals. A trace of F/F, vs. time was
generated for each concentration of Pb*" addition. Pb*" concentration tested for the GR-5 DNAzyme-
based sensor were 0 nM, 10 nM, 25 nM, 50 nM, 75 nM, 100 nM, 250 nM, 500 nM, 1 uM and 2 pM. For
the 8-17 sensor, Pb*" concentrations at 0 nM, 50 nM, 100 nM, 200 nM, 300 nM, 500 nM, 700 nM, 1 M
and 2 M were tested.

For the selectivity, the background fluorescence before addition of metal ions was monitored for
10s (2 data acquisitions per second), followed by the addition of various metal ions (5 pL) at different
concentrations (with a total volume of 500 pL). After six minutes, the fluorescence was measured the
same way as the background fluorescence. The final F/F, was plotted for each metal ion. Metal ions
tested included Zn**, Mn**, Cd**, Co®", Ni*", Ca®', Ba®", Cu*’, Fe*’, Sr’" and Hg”" with concentrations at 4
uM, 40 uM, 400 uM and 1mM. Pb*" was tested at 25 nM, 50 nM, 1 uM and 2 uM.

For the initial rate measurements, the fluorescence was monitored for 30s after the addition of
various concentrations of Pb*". Data was collected at 2 s intervals. The initial rates were obtained by the
linear fitting of data in Excel.
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Fig. S1 Initial selectivity assay on the GR-5 Pb*" DNAzyme. A DNA substrate containing an
internal RNA base is 5’ labeled with y—[32P]—ATP. The enzyme (5 uM) substrate (5 nM) (ES)
complex is prepared in 500 mM NaCl, 500 mM KCI, 50 mM MgCl,, in 50 mM HEPES at pH 7.
The complex is heated to 80 °C and slowly cooled to room temperature over an approximately 45
minute time period. To initiate the activity assay, an equal volume of each respective metal ion
(2X the target concentration) is mixed with the annealed ES complex. At each time point, a 5 pL
aliquot is withdrawn and the reaction is stopped with 15 pL of stop solution (8M urea, 50 mM
EDTA, 90 mM Tris, 90 mM boric acid, 0.05% xylene cyanol, and 0.05% bromophenol blue). The
cleaved substrate is separated from the uncleaved by 20% PAGE and quantified by a Molecular
Dynamics Storm 430 phosphorimager (from Amersham Biosciences). The rate of reaction was
obtained by fitting the curves to an exponential decay function using Origin Pro 8.
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Fig. S2 Optimizations for the GR-5 lead sensor, in 50 mM NaHEPES. The salt concentration was
investigated first because the original in vitro selection was carried out in a salt concentration (500
mM NaCl, 500 mM KCI, 50 mM MgCl,) too high for most sensing applications. A 10 nM
enzyme-substrate complex was prepared in four different salt concentrations in 50 mM NaHEPES
at pH 7.0. The reaction was initiated by addition of 2 uM Pb*" to the DNA solution, and the
fluorescence signal was monitored. The fluorescence enhancement (F/F,) was then determined. As
shown in (a). Similar optimizations were carried out at five other pHs (b) with the above
optimized salt condition. The result indicated that 7.26 is the optimal pH, allowing an F/F, to
exceed 15, which is among the best reported so far. The sub-optimal performance of the sensor at
high pH may be partially due to the high tendency for Pb*" to form preci&aitates, reducing the
effective Pb”" concentration in the solution. F inally, the concentration of Mg~" present was tested
with 0.1 M Na" at pH 7.26 (c). The activity of the DNAzyme under this sensing condition was
also tested (d).
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Fig. S4 Pb*' response of the 8-17 DNAzyme sensor (a) and the GR-5 DNAzyme sensor (b).
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Table-S1

Table S1: Rate constants of the GR-5 Pb™
DNAzyme in the presence of various metal ions

atpH 7.0

Metal ion kobs (min'l)

50 uM Pb*"  0.3204+0.0157
100 uM Pb**  0.6369+0.0984
20 mM Zni 0.0141bi0.0029a
20 mM Ba 0.0034

20 mM Ca*" not detected
20 mM Sr* not detected
20 mM Cd* not detected
20 mM Mn**  not detected
20 mM Co*" not detected
20 mM Hg®®  not detected





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ENG ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 779.528]
>> setpagedevice


