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Gel electrophoretic detection of
7,8-dihydro-8-oxoguanine and 7,8-dihydro-8-oxoadenine
via oxidation by Ir(IV)
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ABSTRACT of added -mercaptoethanolB(ME) that might quench the
over-oxidation of 8-0xoGY). 8-Oxo0A has never been reported
Two gel electrophoretic methods are described for as a piperidine-labile lesioB)( These observations suggest that
detection of 7,8-dihydro-8-oxoguanine and 7,8-dihydro- 8-0x0G can be detected with piperidine treatment only after its
8-oxoadenine based on their further oxidation with further oxidation, either inefficiently with aerobic dioxygen or
one-electron oxidantsincluding I'Cl  g2-and IrBr g2-. The efficiently by judicious selection of a one-electron oxidant via
products of nucleobase oxidation lead to enhanced photochemicalq,10) or chemical mean4 {,12). We have found
piperidine-sensitive cleavage and to highly visible that Ir(IV) is a highly selective oxidant that exclusively reacts
stop points in a primer extension assay. 8-oxoG and with oxidized nucleobases, and that the oxidized products of
8-0x0A lesions may be distinguished by the latter’s 8-0x0G and 8-0xoA are highly piperidine labile, as evidenced by
inability to be oxidized by IrBr g2~ compared to IrCl g2~  strand scission, under standard conditions. Furthermore, the
Comparison is also made to oxidation by MnO 4~ Ir(IV)-oxidized lesions are stop points for Thermo Sequenase

DNA polymerase using commonly employed conditions for
Oxidative damage to DNA nucleobases commonly results in tigimer extension and DNA sequencing.

formation of oxidized purines, particularly 7,8-dihydro-8-oxo-

guanine (8-0x0G) and, to a lesser extent, 7,8-dihydro-8-oxoa denReagents and substrateReagents were purchased from the

X . ; lf?)‘ﬁowing sources: NarClg and NalrBrg from Alfa Aesar, KMnQ
(8-ox0A) (1,2). The importance of these 8-oxopurine IeSIonsand piperidine (fresh!) from Acros, 8-0xoG and 8-0xoA phosphor-

necessitates good analytical techniques for their detection %%idites from Glen Research, dNTPs from Pharmacia, T4 poly-

BHQ Ijriaggli(ca) ﬂt?c')nco:w;gngly’Htgisce ;?él'lo QISS ?Jrs?nquggglr?)ghgntigg ucleotide kinase from New England Biolabs, Thermo Sequenase
9 y Y 9 cle sequencing kit and/-f2PJATP from Amersham. Oligo-

detection, since both 8-0xoG and 8-0x0A are more redox active th oxynucleotides were synthesized with an Applied Biosystems

the four unmodified nucleobases4). The alternative detection of Evnthesizer (ABI 392B) using the manufacturer's protocols and

8-0x0G by enzymatic recognition and cleavage with Fpg suffefg. . -ing 0.25 N8-ME into the final, manual deprotection step
from the complication that several purine lesions are substrates

the enzyme<). Furthermore, detection of 8-oxopurines by primer,, "‘baGE sing 20% polyacrylamide/7 M urea, and masses of
extension and DNA sequencing experiments is highly depend%if '
[

upon the polymerase used. With the high temperature, high o> containing 8-0x0G were confirmed by negative ion
f_p . poly : ' 9 P '+ "Blectrospray MS. Oligos weré-8nd-labeled using T4 polynu-
idelity polymerases suitable for PCR, no stops or mlsmcorporatlo%% otide kinase and-E2P]ATP
are observed, although some mutations can be seen with othier '
DNA polymerasesq,7). A PCR-compatible method would be Oxidation and piperidine-induced cleava@xidation reactions
particularly useful since this allows sequencing of samples as lomere carried out on three duplex substrates of related sequence:
as 5 fmol in quantity. We report here two methods based &»d(TCATGGGTXXTCGGTYTA)-3' where oligdl is native X
(i) piperidine-induced DNA strand scission or (i) primer extensiorr G,Y = A) and oligo2 (X = 8-0xoG,Y = A) and3 (X = G,Y
using a thermally stable DNA polymerase that allow detection &f 8-0x0A) each contain one 8-oxopurine. Each strand was annealed
8-0x0G or 8-0x0A by gel electrophoresis. to the same complemed} the unlabeled oligodegrucleotide

In 1992, Chunget al..reported that treatment of an 8-0xoG- complement ofl, by heating 1.1 ed with 1, 2 or 3 at 90 C for
containing synthetic oligodeoxynucleotidc with standard piperi3 min and cooling to room temperature over a period of 3 h.
dine conditions (1 M, 90C, 30 min) led to strand scission at the Oxidations were carried out with.®1 unlabeled duplex + 2 nCi
8-0x0G site observable by gel electrophores)s $ubsequent of radiolabeled., 2 or 3 and 10QuM IrClg2-, IrBrg?~ or MnQy~
studies by Culliset al. demonstrated that 8-oxoG was ot in 10 mM NaRbuffer (pH 7) with 200 mM NacCl. Ir(IV) reaction
piperidine-labile site (6% cleavage after 2 h, 1 M piperidinetimes were 60 min; Mng reaction time was 30 min. Reactions
90°C); substantially less cleavage was observed in the presengere quenched by addition of 2 MM HEPES/10 mM EDTA, pH

roligos containing 8-oxopurine$d). Purification was carried out
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Figure 1. Analysis of piperidine-induced cleavage of duplex 18mers after
oxidation of modified bases. All lanes were piperidine treated. Lanes 1-4: Figure 2. Analysis of extended primer complementary to 40mers after

native duplext*4 (X = G,Y = A); lanes 5-82¢4 (X = 8-0x0G,Y = A); oxidation of modified bases. Lanes 1-6: native 4@{gr= G); lanes 7-% (Z

lanes 9-123+4 (X = G, Y = 8-0x0A); lane 13: Maxam-Gilbert G lane. = 8-0x0G); lanes 10-1Z:(Z = 8-0x0A). Lanes 14 are Sanger sequencing lanes
Reactions were conducted as described in the text. Control lanes were treatedsing ddTTP, ddGTP, ddCTP and ddATP, respectively. Reaction conditions are
identically but without the addition of oxidant. described in the text. Control lanes (6, 9 and 12) were not treated with oxidant.

7 for Ir(1V) and with 2ul allyl alcohol for MnQ[™. Reactions were (g, 1, lane 10, 53% cleavage) but the weaker oxidizing agent
individually dialyzed and lyophilized as previously descriisd.(  |rBrs2-was ineffective (lane 11). Oxidation with Mg@vas also
Piperidine treatment was carried out with 1 M piperidiné(80 |argely ineffective at generating piperidine-sensitive cleavage at
30 min (14,15). Finally, fragments were separated by PAGEg gxoA (lane 12), but this may be due to conversion of 8-0x0A
(20% polyacrylamide/7 M urea) and analyzed by phosphorimags a non-labile lesioni(). It is further noteworthy that the
ery (Molecular Dynamics Storm 840) using ImageQuaNTyresence of a GGG duplex sequence of relatively low ionization
software. o o potential (9) in the same strand did not compete with the
The results of oxidation and piperidine treatment of dupley_oxopurine ‘sites during Ir(IV) oxidation. The results obtained
18mers are shown in Figue Lanes 1-4 with a native duplex for |r(1v) now allow a convenient method for analysis of 8-0x0G
substrate show little background with Ir(IV) reagents and onlyersus 8-oxoA; both 8-oxopurines are visualized after oxidation
slight reactivity of T1 (not shown) and T17 with MO  \ith IrClg2-and piperidine treatment while only 8-0xoG leads to
Substrate2 containing an 8-0xoG at position 10 was cleanlysyrand scission when oxidized with Ig8r. Importantly, the high
oxidized to a very piperidine-labile lesion by treatment withconyersion of 8-oxopurines to piperidine-labile lesions means
Ir(IV) (lanes 6 and 7). Without added oxidant, a faint bangnat this method will be applicable to strands containing low

appeared after piperidine treatment (lane 5, 10% cleavage fdicentage incorporation of 8-0xoG or 8-0x0A, and easily
8-0x0G) that is presumably due to aerobic oxidation. v@s guantiﬁaue cleavage will be observed.

also an effective oxidant (lane 8), although slight backgroun

reactions at T1 (not shown) and T8 were observed. Under tkixidation and primer extension analysleClg=~ and MnQ—~

optimized conditions described above, both Ir(IV) reagentsediated oxidation of three single-stranded substraged,(15pl)

showed high conversion to one or more labile, oxidized productd sequence 'sdl(TCATGGGTZTCGGTATATCAGTGCTAT-

(lane 6, 80%, cleavage, lane 7, 70% cleavage at 8-0x0G) dueGACATTAGTGTA)-3 whereZ = G (6). 8-0xoG 6) or 8-0X0A

their high redox potentials, 0.90 V and 0.82 V versus NHE7) were carried out as described above. For sequencing lanes,

respectively, compared to 8-0xoG (0.58 V versus NHEL&f. 3 pl aliquots of the over-oxidized DNA were combined witld 2

MnO4~ can react by either a one-electron mechanish=(@&76 (8 U) Thermostable SequenasegllZznzyme buffer (260 mM

V versus NHE; ref.17) or via dihydroxylation (or other Tris—HCI pH 9.5, 65 mM MgGQ), 2 pl 5'-end-labeled (21Ci)

mechanisms) with thymines, accounting for the backgroungrimer [3-d(TACACTAATGTGATAGCACT)-3, 400 nM], and

reactions of T in duplex DNA. Permanganate is particularlB.5ul H2O. Then, 4ul of this mixture was incubated withd of

reactive with single-stranded thymine residues, and relatedddNTP termination mix as described in the Thermo Sequenase

studies of Mn@~mediated oxidation of 8-oxoG-containing single- cycle sequencing kit. For full extension, audaliquot of the

stranded oligodeoxynucleotides additionally reported reactivity afver-oxidized DNA was combined with gl of a mixture

guanines in the same straid,(8). Thus, the utility of Mn@ for  containing 31l dNTP solution (1 mM each) plus enzyme, buffer,

identifying 8-oxoG residues will be limited to duplex substrates. primer and water as above. After an initial incubation acgor
Substrat@® containing an 8-oxoA (E= 0.92 versus NHE; ref6) 10 min, samples were thermally cycled 15 times €94 min),

at position 16 was oxidized by Ig2tto a piperidine-labile lesion 55°C (1 min) and 72C (1 min). At this point, il stop solution
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(Thermo Sequenase kit) was added to each sample. Samples vigi@mative when analysis is performed both with and without
heated at 95C for 3 min, and then analyzed by PAGE (20%lr(1V) treatment (Tablel).

polyacrylamide/7 M urea) and imaged as above.
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Results of primer extension and DNA sequencing experiments
are shown in Figur@. As anticipated, substratés-7 led to 5
complete extension when they were not subjected to furthef
oxidation (lanes 6, 9 and 12). Treatment of the native Shratti 7
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lanes (1-4) confirm the fidelity of the strand, indicating that
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visualization of 8-oxopurines by gel electrophoretic method$®
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