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Supporting information
Experimental Section
Chemicals and materials

Streptavidin-functionalized Dvynabeads (M-270) were purchased from Beijing

Search  Biotech  Co., Ltd. The characteristics and  properties  of

streptavidin-functionalized Dynabeads (M-270) provided by the vendor are as

following: superparamagnetic, hydrophilic bead surface, 2.8 um in diameter, size

distribution (CV<3%), no blocking proteins used, isoelectric point of pH 4.5. highly

charged (-50 mV at pH 7) ., iron content (ferrites) of 14% (20%), low aggregation of

beads in high salt solutions. Pb*" standard solution (1000 pg ml") was purchased

from General Research Institute for Nonferrous Metals of China.
Tris(hydroxymethyl)aminomethane (Tris) was bought from Sinopharm Group Co. Ltd
(Shanghai, China). 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES) was
bought from Xiamen Tagene Biotechnology Co., Ltd. DNase- and RNase-free water
treated by 0.1% diethypyrocarbonate (DEPC) and the HPLC-purified fluorescent
biotinylated enzyme strands were obtained from Shanghai Sangon Biological
Engineering Technology & Services Co., Ltd (Shanghai, China). The HPLC-purified
quencher-labeled substrate strands were synthesized by Takara Biotechnology (Dalian)
Co., Ltd. All other chemicals were of analytical grade. The water used was purified by
Millipore Milli-Q (18 MQ-cm). The sequences of the enzyme strands and substrate
strands were as following.

Enzyme strand:
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5’(FAM)-ATCATCTCTGAAGTAGCGCCGCCGTATAGTGAGACAGACTTTT
T-(Biotin)3’

Substrate strand:

5’(Dabeyl)-GTCTGTCTCACTATrAGGAAGAGATGAT-(Dabeyl)3’

10 uM stock solutions of enzyme strands and substrate strands were prepared by
DNase- and RNase-free water to prevent the degradation of DNA or RNA by enzyme.
Working solutions of enzyme strands and substrate strands were diluted from the
stock solutions with water. 1 xB&W (bind and wish) buffer (10 mM Tris-HCI, pH 7.5,
1 M NaCl) and 2xB&W buffer (10 mM Tris-HCI, pH 7.5, 2 M NaCl) were used to
wash the magnetic beads (MBs) during the immobilization of DNAzyme onto MBs.
HEPES buffer (10 mM HEPES, pH 7.2, 150 mM NaCl, 50 mM KCI) was used during

the fluorescence analysis.
Immobilization of DNAzyme and detection of Pb*.

Before the MBs were taken out of the stock vial, the vial was vortexed to ensure
that the MBs were homogenously dispersed. 1.0 uL MBs (10 mg/mL) were washed
three times by 1xB&W buffer to remove the preservative and then were dispersed in 2
uL 2xB&W buffer. 2.0 uL. enzyme strands (1.0 pM) were added and the mixture was
incubated at room temperature for 30 min to allow the immobilization of enzyme
strands onto MBs via biotin-streptavidin interactions. The enzyme strand-immobilized
MBs were separated and washed by 10 pL 1xB&W buffer to remove the unbound
enzyme strands in the supernatant with the help of a magnet and then re-dispersed in 5
uL 2xB&W buffer. The unbound enzyme strands were collected and analyzed by a
fluorospectrophotometer. 4.0 puL substrate strands (1.0 uM) were added to hybridize
with the enzyme strands on the MBs by incubating the mixture at room temperature
for 60 min in B&W buffer. Finally, the DNAzyme-immoblized MBs were separated
and washed consecutively by 10 pL 1xB&W buffer twice and 10 pL HEPES buffer

once.

For Pb*" detection, various amounts of Pb*" were added to react with the
DNAzyme-immobilized MBs in 50 uL. HEPES buffer at 35 °C for 30 min and the
MBs were then separated and washed by 30 pL. HEPES buffer for three times. Each
sample was then diluted to 300 pL with HEPES buffer for cytometry analysis. The
fluorescence was measured with a Beckman EPICS-XL/MCL flow cytometer (with

MBs) or a Varian Eclipse fluorospectrophotometer (without MBs). For flow
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cytometry assays, normal operation conditions with phosphate buffered saline-based
sheath fluids were used and at least 2000 events were counted for each sample. For
assays with the fluorospectrophotometer, the unbound enzyme strands collected were

diluted to 470 pL with HEPES buffer and the solutions were excited at 473 nm.
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Fig. S1 Fluorescence spectra of (curve 1) the enzyme strands (0.02 uM), (curve 2)
the DNAzyme hybridized by the enzyme strands (0.02 uM) and single Dabcyl-labeled
substrate strands (0.04uM) and (curve 3) the DNAzyme hybridized by the enzyme
strands (0.02 uM) and double Dabcyl-labeled substrate strands (0.04uM).
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Fig. S2 Histograms of (al, bl, cl) side (SSC) / forward (FSC) scatter, (a2, b2, c2)
fluorescence of enzyme strand-immobilized MBs (al, a2), DNAzyme-immobilized
MBs in the absence of Pb*" (bl, b2), and DNAzyme-immobilized MBs at the
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presence of 50 nM Pb*" (cl, ¢2) in HEPES buffer. The x axis is the fluorescence
intensity in the FAM channel on the log scale, and the y axis is the number of MBs at
each fluorescence intensity.
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Fig.S3 Fluorescence spectra of biotinylated enzyme strands in the supernatant after
incubation of 10 pmole enzyme strands with 1, 2, 3, 4, 5 6 puL
streptavidin-functionalized MBs, respectively at room temperature for 30 min..
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Fig. S4 Effect of ratio of substrate strand to enzyme strand for the hybridization on
the fluorescence recovery at the presence of 500 nM Pb*". F and F, were the
fluorescence intensity of DNAzyme-immobilized MBs in the absence and at the
presence of Pb”", respectively.
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Fig. S5 Time-dependent fluorescence change of DNAzyme-immobilized MBs on
addition of 500 nM Pb*".

—e— 50 nMPb*"
—a— 0 nMPH*"

Temperature / °C

Fig.S6 Temperature-dependent fluorescence change of DNAzyme-immobilized
MB:s in the absence and at the presence of 50 nM Pb*".




<<
  /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 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile 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 <>
    /ENG ()
    /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.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 779.528]
>> setpagedevice


