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Material and Methods 

DNA Synthesis. Cyanoethyl phosphoramidite of N-(3-hydroxypropyl)-1,8-naphthalimide and 8-Oxo-7,8-

dihydro-2'-deoxyguanosine (8-oxodGuo) were synthesized as previously reported.1-3 All other reagents 

for DNA synthesis were purchased from Glen Research. DNA were synthesized on an Applied 

Biosystems DNA synthesizer and purified by reverse phase HPLC and lyophilized. All the NI-modified 

DNA studied here were characterized by MALDI-TOFF mass spectra, and their concentrations were 

determined by complete digestion with nuclease P1, phosphodiesterase I and AP to 2’-

deoxyribonucleosides. Duplex solutions (20 mM sodium phosphate buffer (pH 7.0)) were prepared by 

mixing equimolar amounts of the desired DNA complements and gradually annealing with cooling from 

80 ºC to room temperature. 

Laser flash photolysis. The nanosecond transient absorption measurements were performed using the 

laser flash photolysis technique.4-17 Briefly, the third-harmonic oscillation (355 nm, FWHM of 4 ns, 6 mJ/ 

pulse) from a Q-switched Nd:YAG laser (Continuum, Surelight) was used for the excitation light which 

was expanded to a 1-cm diameter. The light from a xenon flash lamp (Osram, XBO-450) was focused 

into the sample solution for the transient absorption measurement. Time profiles of the transient 

absorption in the UV-visible region were measured with a monochromator (Nikon, G250) equipped with 

a photomultiplier (Hamamatsu Photonics, R928) and digital oscilloscope (Tektronics, TDS-580D). The 

quantum yield of the formation of the charge separated state (cs) was determined from the transient 

absorption of the triplet benzophenone as an actinometer during the 355 nm laser flash photolysis. The 

time profiles were obtained from the average of 32 laser shots. Full transient absorption spectrum and the 



bimolecular rate constant between NI● and O2 were measured using NI-G5 (NI-TTTTTGTCTGTTT/ 

AAAAACAGACAAA) which shows long lifetime of charge-separated state (38 s) (Fig. S1). The kO2 

was determined by comparing the time profile measured under air (Fig. S1b, cyan) with that measured 

under Ar (Fig. S1b, green). 

Measurement of the quantum yield of DNA damage (consumption of G (G) and consumption of 

oxG (oxG)). G and oxG was measured by using NI-TTTTTCGCGC/AAAAAGCGCG (G = 3.3  

10−3) as a chemical actinometer.18 Photoirradiation was carried out in an aqueous solution containing 40 

M DNA (strand concentration) and 20 mM (pH 7.0) Na phosphate buffer. The solution mixture was 

photo-irradiated with a Q-switched Nd:YAG laser (355 nm, FWHM of 4 ns, 0.5 mJ / pulse, 1 Hz, 

Continuum, Surelight). NI-G was photo-irradiated for 15 min (0.45 J), while NI-oxG was photo-irradiated 

for 90 sec (0.045 J) where the consumption of 8-oxodGuo was linearly correlated with the irradiation time 

(Fig. S2). The reaction mixture was subjected to enzymatic digestion with nuclease P1, phosphodiesterase 

I, and alkaline phosphatase at 37 C. The consumption of dGuo and 8-oxodGuo was quantified by the 

reverse phase HPLC on a Nacalai Tesque 5C18-PAQ HPLC column with a solvent mixture of 50 mM 

ammonium formate, acetonitrile 1-8%/0-15 min, and 8-100%/15-25 min at a flow rate of 1.0 ml/min and 

monitored at 254 nm using dA as internal standards. G and oxG was measured as the average of three 

measurements. 

 



Figure S1. (a) The transient absorption spectrum of NI-G5 obtained at 10 s after the 355-nm laser 

flash excitation under Ar. (b) Time profiles of the transient absorption of NI● monitored at 400 nm 

during the laser flash photolysis of NI-G5 under Ar (green) and under air (cyan). The sample aqueous 

solution contained 40 M DNA and 20 mM Na phosphate buffer (pH 7.0). 

 

 

 

 

 

 

 

Figure S2. The time dependent consumption of 8-oxodGuo during the photosensitized one-electron 

oxidation of NI-oxG. An aqueous solution containing 40 M NI-oxG (strand conc.) and 20 mM pH 7.0 

Na phosphate buffer was photo-irradiated with a Q-switched Nd:YAG laser (355 nm, FWHM of 4 ns, 0.5 

mJ / pulse, 1 Hz, Continuum, Surelight). The reaction mixture was directly subjected to enzymatic 

digestion with nuclease P1, phosphodiesterase I, and alkaline phosphatase at 37 C. The consumption of 

8-oxodGuo was quantified by the reverse phase HPLC. 

400 450 500 550 600
0.00

0.01

0.02


O

D

 Wavelength / nm

a) b)

10 s

0 20 40 60 80

0.00

0.01

0.02

 
O

D

Time / s

under Ar

under air

0 100 200 300
0

10

20

 -
8o

xd
G

uo
 /

 %

Irradiation time / s



References 

1. J. E. Rogers and L. A. Kelly, J. Am. Chem. Soc., 1999, 121, 3854-3861. 

2. K. Kawai, T. Takada, S. Tojo, N. Ichinose and T. Majima, J. Am. Chem. Soc., 2001, 123, 12688-

12689. 

3. K. Kawai, T. Kimura, K. Kawabata, S. Tojo and T. Majima, J. Phys. Chem. B, 2003, 107, 12838-

12841. 

4. K. Kawai, H. Kodera, Y. Osakada and T. Majima, Nature Chem., 2009, 1, 156-159. 

5. Y. Osakada, K. Kawai, M. Fujitsuka and T. Majima, Nucleic Acids Res., 2008, 36, 5562-5570. 

6. Y. Osakada, K. Kawai, M. Fujitsuka and T. Majima, Chem. Commun., 2008, 2656-2658. 

7. K. Kawai, Y. Osakada, M. Fujitsuka and T. Majima, Chem. Eur. J., 2008, 14, 3721-3726. 

8. Y. Osakada, K. Kawai, M. Fujitsuka and T. Majima, Proc. Natl. Acad. Sci. U. S. A., 2006, 103, 

18072-18076. 

9. T. Takada, K. Kawai, M. Fujitsuka and T. Majima, Angew. Chem., Int. Ed., 2006, 45, 120-122. 

10. K. Kawai, Y. Osakada, M. Fujitsuka and T. Majima, Chem. Biol., 2005, 12, 1049-1054. 

11. T. Takada, K. Kawai, M. Fujitsuka and T. Majima, Chem. Eur. J., 2005, 11, 3835-3842. 

12. T. Takada, K. Kawai, M. Fujitsuka and T. Majima, Proc. Natl. Acad. Sci. U. S. A., 2004, 101, 

14002-14006. 

13. K. Kawai, Y. Osakada, T. Takada, M. Fujitsuka and T. Majima, J. Am. Chem. Soc., 2004, 126, 

12843-12846. 

14. K. Kawai, X. Cai, A. Sugimoto, S. Tojo, M. Fujitsuka and T. Majima, Angew. Chem., Int. Ed., 

2004, 43, 2406-2409. 

15. T. Takada, K. Kawai, X. Cai, A. Sugimoto, M. Fujitsuka and T. Majima, J. Am. Chem. Soc., 2004, 

126, 1125-1129. 

16. K. Kawai, T. Takada, S. Tojo and T. Majima, J. Am. Chem. Soc., 2003, 125, 6842-6843. 

17. K. Kawai, T. Takada, T. Nagai, X. Cai, A. Sugimoto, M. Fujitsuka and T. Majima, J. Am. Chem. 

Soc., 2003, 125, 16198-16199. 

18. K. Kawai, Y. Osakada, M. Fujitsuka and T. Majima, Chem. Commun., 2006, 3918-3920. 
 

 



<<
  /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 1.7
  /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 false
  /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 <>
    /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


