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Oscillating Formation of 8-Oxoguanine during DNA Oxidation
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Genetic material undergoes oxidative stress that damages DNA 08 e 120
basesd. Although nature has evolved diverse strategies to minimize 1100
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its effects, such damage can interfere with normal replica&tion. £ 0'6_ 80 é
Oxidative DNA damage occurs from irradiation, chemical reactions, 4 0.4 60 2
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and oxidation with reactive oxygen species (RO$)cluding st 40 >
hydroxyl radicals. Reaction of DNA witbOH yields 8-oxoguanine, S 0.2 20 E
8-oxoadenine, thymine glycol, 8-hydroxycytosine, and strand breaks © ot e
that may participate in mutagenesishe goal of the present study 0 5 10 15 20
was to measure the rate of 8-oxoguanine formation during DNA reaction time, min

oxidation and to investigate its ultimate fate. We found that Figure 1. Concentration profiles of guanin®) and 8-oxoguanine®)
8-oxoguanine was formed from oxidation of both DNA and free from reaction of 0.8 mM guanine with 15M FeSQ and 50 mM HO; at
guanine in oscillating concentrations reflecting a complex reaction 37 °C- (Lines in figures are cubic spline fits.)

pathway, most likely involving further oxidation to 5-guanidino-

~=
hydantoin. O 0.0007
Guanine has the lowest oxidation potential of the DNA bases. 6 0.0006 -
Oxidation product 8-oxoguanine is considered a clinical biomarker =) 0.0005 :
for oxidative DNA damagé.8-Oxoguanine has a lower oxidation % 0.0004 |
potential than guanin€Thus, when 8-oxoguanine was inserted into £ 0.0003
DNA sequences, it was the preferred oxidization %ite. O 0.0002 | b
We began by oxidizing free guanine using Fenton reagent to 3 0.0001%. ... ... e i 3
generatesOH radicals from F& and hydrogen peroxideand o 40 80 120
analyzed the products by liquid chromatography with sequential reaction time, min
UV and electrochemical detectors (EQV—EC) 510 All reactions Figure 2. Ratio of [8-oxoguanine][8-oxoguanineH [guanine} for 0.8

were done in triplicate in pH 5.5 buffer. The UV detector at 254 mM guanine reacted with 150M FeSQ + 50 mM H0,, 37 °C.
nm detected guanine, and the electrochemical detector detected
8-oxoguanine at-550 mV versus Ag/AgCI.

Oxidation of guanine gave a decrease in guanine concentration
along with maxima in 8-oxoguanine concentrations at 4 and 15
min (Figure 1). The maximum concentration was/0 uM,
corresponding to 9% of the initial guanine. Qualitatively similar
results were found at 0.8 mM and/8V guanine. Oxidation of
8-oxoguanine withhOH showed a rapid exponential decrease in
concentration with 95% reactant consumed in 5 min. 0.00040 . ]

Figure 2 shows the ratio [8-oxoguanifgB-oxoguanine]+ 0 1020 30 40 50 60 70 80
[guanine}. After a small peak at 5 min, peaks in this ratio repeated reaction time, min
with a frequency of 15 min. If 8-oxoguanine were the only product, Figure 3. Ratio of [8-oxoguanine}[8-oxoguanine}+ [guanine} for ST
the denominator would remain constant, and this ratio should 45"PNA reacted with 15aM FeSQ and 50 mM HO;, then hydrolyzed.
increase, regardless of the oscillations. However, after about 20
min, the overall trend underlying the oscillations was a decrease

with time. . . .
Salmon testes (ST) ds-DNA was then reacted with Fenton’s peaks amz 152 [G+ H'] at a retention timetg) of 2.9 min and

reagent. Aliquots from the DNA reaction were acid hydrolyzed m'z 158 [guanidinohydantoiﬁ H' atts 3'.1 min (see Supporting
under vacuum at 146C for 30 min to give free nucleobasds. Information). The mass spectrum obtained from the LC eluant
Again the 8-oxoguanine concentration oscillated. Figure 3 shows be:jweenr:/ 2.9 and gni min shor\]/veld peaksnét 152k andm/'z 158(’1
[8-oxoguaninef/[8-oxoguanineh- [guanine} over 90 min. There an atmiz 174 fn 2190. The latter wo pea i correspond to
is an initial peak at 5 min and clear peaks at 20 and 65 min. An '°NS [G + NaJ" (m'z 174) and [8-oxoG+ NaJ* (mz 190),

overall decreasing trend underlies the oscillations. confirming the pres_ence of 8-oxoguanine. o )
The results described above show that oxidation of guanine free

[8-0G]/([8-0G]+[G])
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LC-MS was used to analyze ST ds-DNA incubated with Fenton
reagent for 60 min, then hydrolyzed. LC-ion chromatograms showed

iﬂﬂlﬁilg 8; 882222{:23:-Heanh Center or in ds-DNA by «OH leads to oscillating concentrations of
8 Dublin City University. 8-oxoguanine. The frequency for free guanine (one peak/15 min)
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is larger than that for DNA (Figures-3), consistent with a smaller

MS, and full experimental details (PDF). This material is available free

reaction rate for ds-DNA in which guanine is partly protected from of charge via the Internet at http://pubs.acs.org.

oxidation within the double helix. Oscillations in the ratio [8-oxo-
guanine]{ [8-oxoguanine]+ [guanine} were superimposed on a

general decreasing trend at longer times, consistent with the

oxidation of 8-oxoguanine. LC-MS detected 8-oxoguanine and
guanidinohydantoin in oxidized DNA, indicating guanidinohydan-
toin as the oxidation product of 8-oxoguanine, as found previdusly.

Our results are consistent with a competitive consecutive process

in which guanine is oxidized to 8-oxoguanine, which is oxidized
to guanidinohydantoin. Here, the common oxidéDH reacts with
starting reactant as well as the initial reaction product. This simple
mechanisi¥ is unlikely to lead to oscillating concentrations of
initial product 8-oxoguanine. Oscillatory reactions typically have
very complex pathways featuring interactive catalytic cycles. For
example, the chlorite-iodide reaction has 13 elementary $tepsl

the reaction of NADH with @ catalyzed by peroxidases has 37
elementary stepd.Studies of oligonucleotide oxidation suggest that

there are likely to be several other intermediates and products

involved’815Extensive study may be needed to elucidate detailed
mechanistic features.

In summary, 8-oxoguanine was formed in oscillating concentra-
tions from the oxidation of free guanine and guanine in ds-DNA
by ¢OH. In living systems, DNA repair, oxidative inhibition, and
other factors may be involved in controlling amounts of oxidized

nucleobases. Nevertheless, oscillatory pathways may need to be
considered in assessing the clinical significance of 8-oxoguanine

biomarker assays.
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