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Investigation of Base Pairs Containing 7,8—Dihydro—8—oxoguanine by Quantum
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Abstract The integrity of the genetic information is constantly threatened by oxidized agents. 7,8-Dihydro-8-oxoguanine
(8-0x0-G) is the most common form of oxidative DNA damage. The accumulation of oxidized bases has associated with
numerous diseases and cancers. The properties of oxidized base pairs containing 8-0x0-G were investigated by quantum me-
chanics methods. In this paper all model molecular structures were optimized by B3LYP/6-31+G* method, the frequency
calculations are carried out to confirm that all the structures obtained are geometrically stable. The energies were determined
at the MP2/aug-cc-pVDZ level with basis set superposition error corrections and the molecular orbital diagrams were ob-
tained at HF/STO-3G level. The calculation results show that when guanine (G) is oxidized to 8-0xo0-G, the charge distribu-
tion, site number and location of H-bond donor and accepter have been changed. Oxidation on C8 of G has the most influence
on the partial charge of N7 and O6, which enhances their ability as H-bond donor. Then, G is misread as other bases to form
varied H-bonding compounds with canonical bases. 8-0xo0-G has three sites to pair with other bases. Compared with canoni-
cal bases, the partial charge of proton acceptors in H-bond complexes increased by 0.05¢ averagely, which is 8% of the
original charge; the partial charges for proton donors have a decrease of 0.02e, which is 4% of the original charge. The calcu-
lation results of binding energy and second-order stabilization energy show that the hydrogen-bonded complexes formed at
site 1 are more stable. The sites 2 and 3 have similar properties. Only 8-oxo-G1:C (WC) has three hydrogen bonds and its
binding energy is the closest to that of G:C in all the oxidized base pairs. The binding energies of base pairs have been weak-
ened by solution, where the complexes pairs with C have been significantly reduced. And the order of the binding energy has
been changed. From the HOMO and LUMO, we can come out that the HOMOs of all the oxidized base pairs are on 8-oxo-G,
which is the same as G:C, and LUMOs have no good rules. In the GC—TA transition induced by 8-0x0-G, the nucleophilic
reaction site will transfer from the strand containing G to the other strand containing A(C). This will affect the recognition by
the enzyme, and lead to genetic mutations.
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Figure 5 GC—TA mutation induced by 8-0x0-G, including HOMOs and LUMOs of corresponding base pairs and orbital energy. Black and red lines
represent sequences of bases. Dotted lines denote Hydrogen bonds. syn and anti represent syn-type and anti-type structure, respectively. The numbers

represent orbital energies (au)

Acta Chim. Sinica 2014, 72, 956—962

© 2014 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

http://sioc-journal.cn 961



W F F R

MR

T HTAT I AT R /N, 6 T s B AR N R,
B H fr A8 61 T 0.05e, o B HLAT 1K) 8%, 4K I H R
TR A IE T 0.02¢, &R AT 4%, MASYS
T RSB 11 57 T oty 10 A DU A W SR IR AR Ak T 4R
gt h, HA 8-ox0-G1:C (WO)E K =M &4, H
SiAHES GCHZEAK. AU RSB B e 6, 1
A7 R 5 IR A FH 456 B8 0 ek, 2+ 3 4 AL AT AH
R EIPERT, SIS A e L, KA S AL B L X )
AR RS, AP IEWRIEST G:C Wb %, Wb
T 14.19 keal/mol, 5 CYEME A AP 454 Re vk
SRR K, iA58 9~15 kecal/mol, HI/K¥EFIEHHIL
g P KA. )N HOMO Fil LUMO 1] LLfS
W BTSRRI [ HOMO #54> 4 75 8-0x0-G |, 5
IEH I G:C BEFEXT—2, 1 LUMO 541 A IR I
AL, TEH IR G:C 23— ZR A 1 52 i 2 de 28 ]
PLSE GC—TA [I5AF. G:C BRI R A SE 4% I N ()
PrsSAE G FTeEsE b, SRR N A S AE C FTfEsE B 24
KA GC—TA ARG, A% ) N AR v N [ A 34748
ﬂTA%E%L.MLW%%%“%ﬁ%W%&%%%
WAL 3 — D s i (i 5 2%

References

[1] Watson, J. D.; Crick, F. H. C. Nature 1953, 171, 737.

[2] Greenberg, M. M. Acc. Chem. Res. 2012, 45, 588.

[3] Lord, C. J.; Ashworth, A. Nature 2012, 481, 287.

[4] Crenshaw, C. M.; Wade, J. E. Biochemistry 2011, 50, 8463.

[5] Nadme, A.; Schyman, P.; Laaksonen, A.; Vercauteren, D. P. J. Phys.
Chem. B 2010, 114, 4789.

[6] Hamm, M. L.; Crowley, K. A.; Ghio, M.; Lindell, M. A. M.;
McFadden, E. J.; Silberg, J. S. L.; Weaver, A. M. Chem. Res. Toxi-
col. 2012, 25,2577.

[7] Volle, C. B.; Jarem, D. A.; Delaney, S. Biochemistry 2012, 51, 52.

[8] Mazurek, A.; Berardini, M.; Fishel, R. J. Biol. Chem. 2002, 277,

8260.

Shukla, L. I.; Adhikary, A.; Pazdro, R.; Becker, D.; Sevilla, M. D.

Nucleic Acids Res. 2004, 32, 6565.

[10] Hu, X. B.; Li, H.; Ding, J. Y.; Han, S. J. Biochemistry 2004, 43,

6361.
[11] Shibutani, S.; Takeshita, M.; Grollman, A. P. Nature 1991, 349, 431.
[12] Hsu, G. W.; Ober, M.; Carell, T.; Beese, L. S. Nature 2004, 431,
217.
[13] David, S. S. O.; Shea, V. L.; Kundu, S. Nature 2007, 447, 941.

[t

[9

—

—

962  http://sioc-journal.cn

© 2014 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

[14] Thiviyanathan, V.; Somasunderam, A.; Volk, D. E.; Hazra, T. K.;
Mitra, S.; Gorenstein, D. G. Biochem. Biophys. Res. Commun. 2008,
366, 752.

[15] Dey, M.; Moritz, F.; Grotemeyer, J.; Schlag, E. W. J. Am. Chem.
Soc. 1994, 116,9211.

[16] Manas, E. S.; Getahun, Z.; Wright, W. W.; DeGrado, W. F.; Van-
derkooi, J. M. J. Am. Chem. Soc. 2000, 122, 9883.

[17] Shukla, A.; Barbiellini, B.; Buslaps, T.; Suortti, P. Phys. Chem.
(Munich) 2001, 215, 1315.

[18] Hobza, P.; Sandorfy, C. J. Am. Chem. Soc. 1987, 109, 1302.

[19] Fan, W.J.; Zhang, R. Q.; Liu, S. J. Comput. Chem. 2007, 28, 967.

[20] Kino, K.; Sugiyama, H. Chemistry & Biology 2001, 8, 369.

[21] He, Q.; Zhou, L. X. Acta Phys.-Chim. Sin. 2005, 21, 846. (F1 1, Ji
SLHT, IR IR, 2005, 21, 846.)

[22] Qiu, Z. M.; Wang, H. J.; Xia, Y. M. Struct. Chem. 2010, 21, 931.

[23] Lin, X. F.; Sun, C. K.; Yao, L. F.; Chen, Y. S.; Yang, S. Y. Acta
Chim. Sinica 2010, 68, 1553. (WZ3 %, FMRE, Bharve, BRafl,
W I, 1 54K, 2010, 68, 1553.)

[24] Suzuki, M.; Kino, K.; Morikawa, M.; Kobayashi, T.; Komori, R.;
Miyazawa, H. Molecules 2012, 17, 6705.

[25] Liu, S.; Li, S. S.; Liu, D. J.; Wang, C. S. Acta Phys.-Chim. Sin.
2013, 29, 2551. (X0, 22435, X4, KA, HEAF TR,
2013, 29, 2551.)

[26] Zheng, Y.; Cai, W. F.; Li, L. C. J. At. Mol. Phys. 2013, 30, 66. (Of
W, S8, KA, BT 50 T4 F R, 2013, 30, 66.)

[27] Huo, H. J.; Zhao, D. X.; Yang, Z. Z. Chem. J. Chin. Univ. 2011, 32,
2877. (‘ééli%é.“, MG, Wik, &% FRAE 2R, 2011, 32,
28717.)

[28] Liu, C.; Wang, Y.; Zhao, D. X.; Gong, L. D.; Yang, Z. Z. J. Mol.
Graphics Modell. 2014, 47, 62.

[29] Villani, G. ChemPhysChem 2013, 14, 1256.

[30] Chen, X. L.; Kelso, C.; Hornak, V.; Santos, C. D. L.; Grollman, A.
P.; Simmerling, C. J. Am. Chem. Soc. 2005, 127, 13906.

[31] Mark, D. E.; Miral, D.; Marcus, S. C. Mutat. Res. 2004, 567, 1.

[32] Hu, X. B.; Li, H. R.; Ding, J. Y.; Han, S. J. Biochemistry 2004, 43,
6361.

[33] Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria, G. E.; Robb,
M. A.; Cheeseman, J. R.; Scalmani, G.; Barone, V.; Mennucci, B.;
Petersson, G. A.; Nakatsuji, H.; Caricato, M.; Li, X.; Hratchian, H.
P.; Izmaylov, A. F.; Bloino, J.; Zheng, G.; Sonnenberg, J. L.; Hada,
M.; Ehara, M.; Toyota, K.; Fukuda, R.; Hasegawa, J.; Ishida, M.;
Nakajima, T.; Honda, Y.; Kitao, O.; Nakai, H.; Vreven, T.; Mont-
gomery, J. A.; Jr.; Peralta, J. E.; Ogliaro, F.; Bearpark, M.; Heyd, J.
J.; Brothers, E.; Kudin, K. N.; Staroverov, V. N.; Kobayashi, R.;
Normand, J.; Raghavachari, K.; Rendell, A.; Burant, J. C.; Iyengar,
S. S.; Tomasi, J.; Cossi, M.; Rega, N.; Millam, J. M.; Klene, M.;
Knox, J. E.; Cross, J. B.; Balkken, V.; Adamo, C.; Jaramillo, J.;
Gomperts, R.; Stratmann, R. E.; Yazyev, O.; Austin, A. J.; Cammi,
R.; Pomelli, C.; Ochterski, J. W.; Martin, R. L.; Morokuma, K.;
Zakrzewski, V. G.; Voth, G. A.; Salvador, P.; Dannenberg, J. J.;
Dapprich, S.; Daniels, A. D.; Farkas, @; Foresman, J. B.; Ortiz, J.
V.; Cioslowski, J.; Fox, D. J., Gaussian 09, Revision A.02, Gaus-
sian, Inc., Wallingford, CT, 2009.

[34] NBO, Version 3.1, Glendening, E. D.; Reed, A. E.; Carpenter, J. E.;
Weinhold, F.

(Zhao, X.)

Acta Chim. Sinica 2014, 72, 956—962




<<
  /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 <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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


