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Table S1 Sequences of oligonucleotides used as sample and tip molecules 

Oligo name Role Sequencea 

T8 tip 5′-GCT TGT TG-3′ 

S8 sample 5′-CAA CAA GC-3′ 

S8-T sample 5′-CAA TAA GC-3′ 

S8-m
5C sample 5′-CAA m5CAA GC-3′ 

S8-m
N6A sample 5′-CAA CmN6AA GC-3′ 

S8-nc sample 5′-AGT TCT AT-3′ 

 
aFor each oligonucleotide, a q–(CH2)3SH linker was introduced 

at its 3′ terminus. 
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Experimental procedures 

Reagents. The reagents were of the highest grade available. Deionized water purified with a Milli-Q 

water purification system (Japan Millipore, Tokyo, Japan) was used for all the experiments. All 

nucleotides, modified with –(CH2)3SH linkers at their 3′ termini and purified by HPLC, were 

purchased from Tsukuba Oligo Service (Ibaraki, Japan). Upon receipt of the oligonucleotides, the 

DNAs were dissolved in a 10 mM phosphate-buffered saline (PBS) solution to prepare 100 μM DNA 

solutions. The solutions were divided into aliquots and stored at –20°C. Before the experiments, each 

aliquot was allowed to warm to room temperature and diluted to 10 μM with 10 mM PBS. 

Tip Preparation. Small pieces of gold wire (0.25 mm diameter, 99.95%) were electrochemically 

etched in 3 M NaCl at AC 10 V. They were then washed by sonication in pure water, dipping in 

“piranha solution” (7:3 concentrated H2SO4/H2O2. Caution: piranha solution reacts violently with 

organic compounds and should not be stored in closed containers), and finally, thoroughly washed 

with pure water. 

Tip Insulation. The etched metal tips were insulated with poly(dimethylsiloxane) (PDMS) 

according to the reported procedure.1 Briefly, the tip terminal was immersed into the PDMS solution 

and pulled back slowly at the rate of 0.05 mm/s. The PDMS layer was cured at 150°C for 15 min 

(see Fig. S1 for the scanning electron micrograph of the insulated tip). The apparent radii of the 

uninsulated parts of the tip apices were estimated to be approximately 20 μm based on 

 

Fig. S1 Scanning electron micrograph of 

the unmodified Au STM tip insulated with 

PDMS. 
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electrochemical measurements.1 The background currents, which could be caused by ionic and 

polarized currents, measured with these insulated tips in a 0.1 M NaClO4 aqueous solution were 

almost the same as those detected in air. 

Tip Modification. The insulated metal tips were immersed overnight in the 10 μM DNA solution at 

room temperature. Full, or at least highly dense, monolayer formation on the tip is expected under 

this condition. The sample surface was, on the other hand, modified with the target DNA at a low 

coverage, which is important to create a single-molecule junction. The modified tips were washed 

with the 10 mM PBS solution prior to use. 

Sample Preparation. Ultraflat gold films epitaxially grown on mica were used as Au(111) 

substrates.2 The gold substrate was immersed in the 10 μM DNA solution for 1 h. After washing with 

10 mM PBS solution, the substrate was placed on an STM sample plate. The cell was filled with 0.1 

M NaClO4 aqueous solution for the current measurements.  

Current Measurements. The tunneling current measurements were performed on an SPM 5100 

(Agilent Technologies, Santa Clara, CA). Platinum wires were used as reference and counter 

electrodes, and the surface potential of the Au(111) substrate was held at its rest potential during the 

measurement under potential control. Before current measurements, the STM instrument was 

stabilized according to the reported procedure3 to suppress unwanted thermal drift of the STM 

scanner. First, the DNA tip was brought in close proximity to, but not in contact with, the 

DNA-modified Au(111) surface by applying a high set-point current with a bias voltage of 0.2 V 

under the STM feedback control. In current–distance (I–z) measurement, a set-point current of 75 nA 

was employed. After a short delay time of 100 ms, the DNA tip was pulled up at a velocity of 20 

nm/s with the feedback loop of STM disabled, and I–z traces were recorded. In current–time (I–t) 

measurements, a set-point current of 20 nA was used, and I–t traces were recorded with the DNA tip 

held stationary by disabling the feedback loop for 1 s. Both the I–z and I–t traces were recorded at a 

20 kHz sampling frequency using a data acquisition unit (SL1000, Yokogawa Electric Corporation). 

The current measurements were repeated using independently prepared tips and sample surfaces to 
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ensure the reproducibility. For each target DNA, at least three sample surfaces were used. The 

measurements were performed with six or seven DNA tips for each sample surface. In total, at least 

20 tips were used for a given target DNA. Multiple current histograms (at least three) were 

constructed from the data sets obtained with every sample surface. The standard deviations depicted 

as error bars in Fig. 4a were determined by the peak values of these histograms. 

 

 



S6 

References 

1. M. Kuroda and T. Nishino, Rev. Sci. Instrum., 2011, 82, 063707. 

2. P. Wagner, M. Hegner, H. J. Guntherodt and G. Semenza, Langmuir, 1995, 11, 3867. 

3. T. Nishino, ChemPhysChem, 2010, 11, 3405. 

 

 



<<
  /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 false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /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 false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /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 false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /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 <>
    /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.)
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
  >>
  /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


