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ABSTRACT: Damage to the bases in DNA by the cupric ion~1,10-phenanthroline complex was investigated.
Ten base products in DNA were identified and quantitated by the use of gas chromatography/mass
spectrometry with selected-ion monitoring. DNA damage by the cupric ion~1,10-phenanthroline complex
required the presence of a reducing agent such as ascorbic acid or mercaptoethanol. Products identified
were typical hydroxyl radical induced products from the pyrimidines and purines in DNA, well-known from
previous studies using various hydroxyl radical producing systems such as ionizing radiation, hypo-
xanthine/xanthine oxidase, or hydrogen peroxide in the presence of transition metal ions. Product formation
was not significantly inhibited by typical scavengers of hydroxyl radical such as mannitol and sodium formate,
but there was partial inhibition by dimethyl sulfoxide. Catalase substantially decreased formation of base
products, and added hydrogen peroxide stimulated it, indicating the hydrogen peroxide dependency of DNA
base damage. Superoxide dismutase afforded only a partial reduction in product yields in systems containing
ascorbic acid. On the basis of the types of base products formed, the hydrogen peroxide dependency of
product formation, and a previous report suggesting that DNA damage is due to a diffusible species [Williams,
L. D, Thivierge, J., & Goldberg, 1. H. (1988) Nucleic Acids Res. 16, 11607-11615], we propose that DNA

base damage is caused by hydroxyl radical.

In the presence of H,O,, a 2:1 complex of the chelating agent
1,10-phenanthroline (OP)! with Cu* ions [(OP),Cu™*] produces
strand cleavage of DNA after binding to the minor groove
(Sigman et al., 1979; Sigman, 1986). The nuclease activity
of the (OP),Cu* complex has been widely used for structural
studies upon DNA (Sigman, 1986; Marshall et al., 1981; Pope
& Sigman, 1984; Veal & Rill, 1988). In addition, measure-
ment of DNA damage in the presence of an excess of DNA
and of OP has been employed as a sensitive assay to measure
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the availability of copper ions in human body fluids (Gut-
teridge, 1984; Gutteridge et al., 1985; Evans et al., 1989).
During experimentation, Cu?* ions are often mixed with the
OP so that a reducing agent has to be added to reduce Cu?*
ions to Cu* ions and form the DNA-cleaving species. The
reducing agents that have been employed in vitro to facilitate

! Abbreviations: OP, 1,10-phenanthroline; Q,, superoxide radical;
*OH, hydroxyl radical; GC/MS-SIM, gas chromatography/mass spec-
trometry with selected-ion monitoring; 5-OH-5-MeHyd, 5-hydroxy-5-
methylhydantoin; 5-OH-Hyd, 5-hydroxyhydantoin; 5-OHMeUra, 5-
(hydroxymethyl)uracil; 5,6-diOH-Cyt, 5,6-dihydroxycytosine; FapyAde,
4,6-diamino-5-formamidopyrimidine; FapyGua, 2,6-diamino-4-hydroxy-
5-formamidopyrimidine; 8-OH-Ade, 8-hydroxyadenine; 8-OH-Gua, 8-
hydroxyguanine; ME, mercaptoethanol; SOD, copper-zinc superoxide
dismutase; asc, ascorbic acid; TBA, thiobarbituric acid; Me,SO, dimethyl
sulfoxide.

© 1990 American Chemical Society
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the DNA degradation by (OP),Cu?* include ascorbic acid,
thiols (such as mercaptoethanol), NADH, and superoxide
radical (O,") (Sigman et al., 1979; Sigman 1986; Marshall
et al., 1981; Pope & Sigman, 1984; Reich et al., 1981; Que
et al.,, 1980). It is often unnecessary to add H,0, to such
reaction mixtures, since it can be generated by the reactions
taking place (Sigman, 1986; Marshall et al., 1981; Gutteridge
& Halliwell, 1982).

Despite the frequent use of (OP),Cu* as a cleaving agent,
the mechanism of DNA cleavage is unclear. A popular view
is that the (OP),Cu* complex binds to DNA and reacts with
H,0, to form hydroxyl radical (*OH) (Sigman et al., 1979;
Sigman, 1986; Marshall et al., 1981; Pope & Sigman, 1984;
Thederahn et al., 1989; Gutteridge & Halliwell, 1982):

(OP),Cu* + H,0, — (OP),Cu?* + *OH + OH~

However, serious questions have arisen as to whether
(OP),Cu* complexes do form *OH upon reaction with H,0,
or whether an oxo—copper ion complex is responsible for the
DNA damage (Johnson & Nazhat, 1987). Mixtures of
unchelated Cu ions, H,0,, and reducing agents (to convert
Cu?* to Cu*) have also been suggested to form *OH, but again
this proposal has been challenged, and the debate continues
in the literature (Johnson & Nazhat, 1987; Johnson et al.,
1985; Sutton & Winterbourn, 1989; Czapski et al., 1988;
Masarwa et al., 1988; Rowley & Halliwell, 1983; Yamamoto
& Kawanishi, 1989; Eberhardt et al.,, 1989; Halliwell &
Gutteridge, 1990). The chemical characterization of any base
damage produced in DNA by (OP),Cu* complexes has not
been reported.

Attack of ionizing radiation generated *OH upon DNA
produces a wide range of products from the pyrimidine and
purine bases [for reviews, see Teoule and Cadet (1978) and
von Sonntag (1987)]. By contrast, H,0, and O, do not form
any base products in DNA unless transition metal ions are
present (Aruoma et al., 1989a,b). The measurement of the
pattern of the DNA base products produced when DNA was
exposed in aqueous solution to the hypoxanthine/xanthine
oxidase system or to H,0, in the presence of certain ferric ion
complexes strongly suggested that *OH was responsible for
the DNA damage (Aruoma et al., 1989a,b). Base damage
in DNA can be accurately and sensitively measured by the
use of gas chromatography/mass spectrometry with select-
ed-ion monitoring (GC/MS-SIM) after hydrolysis of DNA
followed by derivatization (Dizdarogiu, 1985; Fuciarelli et al.,
1989; Aruoma et al., 1989a,b; Dizdaroglu & Gajewski, 1990;
Blakely et al., 1990).

In the present paper, we have investigated (OP),Cu*-me-
diated base damage in DNA. The base modifications in DNA
were analyzed by GC/MS-SIM, to see what, if any, base-
derived products are generated in DNA by the (OP),Cu*
system and to gain information about the reactive species that
attacks the DNA.

EXPERIMENTAL PROCEDURES

Materials.2  Calf thymus DNA, 1,10-phenanthroline,
mercaptoethanol, ascorbic acid, mannitol, bovine copper/
zinc-containing superoxide dismutase, catalase (type C-40,
thymol free), dimethyl sulfoxide, sodium formate, and sodium
azide were purchased from Sigma Chemical Co. Units of

2 Certain commercial equipment or materials are identified in this
paper in order to specify adequately the experimental procedure. Such
identification does not imply recommendation or endorsement by the
National Institute of Standards and Technology, nor does it imply that
the materials or equipment identified is necessarily the best available for
the purpose.
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superoxide dismutase were as defined by the cytochrome ¢
assay (McCord & Fridovich, 1969). One unit of catalase
decomposes 1 umol of H,O,/min at pH 7.0 at 25 °C, as
defined by Sigma. Dialuric acid (5-hydroxyuracil) was pur-
chased from American Tokyo Kasei, Inc. Other reagents were
as described previously (Dizdaroglu, 1985; Fuciarelli et al.,
1989; Aruoma et al., 1989a).

Treatment of DNA. Reaction mixtures contained in a
volume of 2 mL the following reagents at the final concen-
tration given: DNA (0.25 mg/mL), CuCl, (60 uM), 1,10-
phenanthroline (88 uM), mercaptoethanol (where used, 11.5
mM), ascorbic acid (where used, 60 uM), sodium azide (where
used, 10 mM), and NaH,PO,/Na,HPO, buffer at pH 6.7 (25
mM). Copper ions and phenanthroline were premixed before
addition to the assay mixture so as to avoid precipitation of
copper ions by the phosphate buffer [used as a physiological
buffer system and because most other available buffers react
with *OH with rate constants of 210° M5! (Halliwell et
al.,, 1987)]. 1,10-Phenanthroline crystals were first dissolved
in 50 uL of absolute ethanol prior to the addition of the re-
quired volume of water to make up the stock solution. Control
experiments showed that ethanol did not interfere with the
assay. Mercaptoethanol or ascorbic acid was added to start
the reaction. Mixtures were incubated for 1 h at 37 °C.
Mannitol, sodium formate, dimethyl sulfoxide (Me,SO), and
superoxide dismutase (SOD) or catalase were added to the
reaction mixtures, where appropriate, at the final concentra-
tions given in the tables. After the incubation, 0.1 mL of 0.1
M EDTA was added to stop the reaction (Gutteridge &
Halliwell, 1982). The mixtures were extensively dialyzed
against water at 4 °C. The absorbance at 260 nm of each
sample was measured in order to calculate the amount of DNA
(absorbance of 1 = 50 ug of DNA/mL). In parallel exper-
iments, formation of deoxyribose fragments was assayed by
the thiobarbituric acid test (Gutteridge & Halliwell, 1982).

Hydrolysis of DNA samples, derivatization of hydrolysates,
and identification and quantitation of derivatized products by
GC/MS-SIM were performed as described previously (Diz-
daroglu, 1985; Fuciarelli et al., 1989; Aruoma et al., 1989a).
The column used was a fused silica capillary column (12.5 m
X 0.2 mm i.d.) coated with cross-linked 5% phenylmethyl-
silicone gum phase (film thickness 0.33 um). Approximately
0.4 ug of hydrolyzed and derivatized DNA was injected onto
the column for each analysis.

RESULTS

Hydrolyzed and derivatized DNA samples were analyzed
by GC/MS-SIM. The use of this technique for measurement
of base damage in DNA has been described previously
(Dizdaroglu, 1985; Fuciarelli et al., 1989; Dizdaroglu &
Gajewski, 1990). Figure 1 illustrates ion—current profiles
obtained during the GC/MS-SIM analysis of a trimethyl-
silylated hydrolysate of DNA treated with (OP),Cu?*/ascorbic
acid. Peak identification is given in the figure legend. 5-
Hydroxy-5-methylhydantoin (5-OH-5-MeHyd) and 5-
hydroxyhydantoin (5-OH-Hyd) are believed to result from
acid-induced modification of 5-hydroxy-5-methylbarbituric
acid and 5,6-dihydroxycytosine, respectively (Teoule & Cadet,
1978). 5-Hydroxycytosine (5-OH-Cyt) and 5-hydroxyuracil
(5-OH-Ura) result from the acid-induced modification of
cytosine glycol, the former by dehydration and the latter by
both dehydration and deamination (Dizdaroglu et al., 1986).
5,6-Dihydroxyuracil [dialuric acid and/or isodialuric acid]
(5,6-diOH-Ura) is formed by the acid-induced deamination
of 5,6-dihydroxycytosine (5,6-diOH-Cyt), which is, like cy-
tosine glycol, the actual product produced by attack of *OH



DNA Damage by Cu-Phenanthroline

Biochemistry, Vol. 29, No. 36, 1990 8449

Table I: Yields (nmol/mg of DNA) of Base Products Formed in DNA by Treatment with Cu?*-Phenanthroline?

treatment
DNA/ DNA/
product DNA alone DNA/(OP),Cu*  DNA/Cu®**/asc (OP),Cu?*/asc DNA/Cu®*/ME (OP),Cu?*/ME
5-OH-5-MeHyd 0.28 £ 0.001 0.24 = 0.11 0.21 £ 0.03 0.47 £ 0.03 1.08 £ 0.27 1.95 £ 0.26
5-OH-Hyd 0.23 £ 0.037 0.11 £ 0.005 0.18 £ 0.02 0.35 £ 0.02 0.33 £ 0.01 1.82 £0.12
5-OHMeUra <0.01 <0.01 <0.01 0.10 £ 0.008 <0.01 0.31 £ 0.02
cytosine glycol 0.14 £ 0.03 0.20 £ 0.03 0.24 £ 0.03 1.02 £0.15 0.33 £ 0.07 3.51 £ 0.52
thymine glycol 0.24 £ 0.027 0.19 £ 0.01 0.33 + 0.056 1.42 £ 0.08 0.69 £ 0.03 9.01 £ 0.52
5,6-diOH-Cyt =<0.01 =<0.01 <0.01 0.23 £ 0.02 <0.01 0.53 £ 0.03
FapyAde <0.01 0.05 = 0.001 0.08 £ 0.002 0.14 £ 0.02 0.21 £ 0.01 0.19 £ 0.02
8-OH-Ade 0.40 = 0.08 0.82 £ 0.05 0.53 £ 0.04 1.36 £ 0.19 1.34 £ 0.07 2.07 £0.11
FapyGua <0.01 =<0.01 0.10 = 0.005 0.41 £ 0.06 <0.01 0.24 £ 0.06
8-OH-Gua 1.02 + 0.09 1.49 £ 0.15 295 £0.21 10.4 £ 0.75 4.59 £ 0.71 34233
2 All values represent the mean % standard deviation from triplicate measurements.
Table II: Yields (nmol/mg of DNA) of Base Products Formed in DNA by Treatment with Cu?*-Phenanthroline?
treatment
DNA/ DNA/(OP),Cu?*/ DNA/(OP),Cu?*/ DNA/(OP),Cu?*/ DNA/(OP),Cu?*/
product (OP),Cu?*/asc asc/mannitol (50 mM) asc/formate (50 mM) asc/SOD (625 units/mL) asc/catalase (10* units/mL)
5-OH-5-MeHyd 0.47 £ 0.03 0.42 £ 0.025 0.48 £ 0.01 0.66 £ 0.13 0.43 £ 0.08
5-OH-Hyd 0.35 £ 0.02 0.31 £ 0.02 0.35 £ 0.01 0.60 = 0.02 0.28 £ 0.08
5-OHMeUra 0.10 + 0.008 0.10 £ 0.01 0.10 £ 0.01 0.12 £ 0.01 0.09 £ 0.008
cytosine glycol 1.02 £ 0.15 0.98 £ 0.06 1.25£0.12 0.63 £ 0.01 0.31 £ 0.09
thymine glycol 1.42 £ 0.08 1.34 £ 0.05 1.64 £ 0.05 1.24 £ 0.23 0.29 + 0.06
5,6-diOH-Cyt 0.23 £ 0.02 0.27 £ 0.028 0.31 £ 0.034 0.19 £ 0.03 0.05 £ 0.002
FapyAde 0.14 £ 0.02 0.14 £ 0.05 0.17 £ 0.03 0.21 £ 0.03 =<0.01
8-OH-Ade 1.36 £ 0.19 1.32£0.11 1.63 £0.18 0.69 £ 0.11 0.37 £ 0.09
FapyGua 0.41 £ 0.06 0.53 £ 0.077 0.58 £ 0.09 0.37 £ 0.10 <0.01
8-OH-Gua 10.4 £ 0.75 1.5 1.1 12504 499 1.0 2.06 £ 0.26
9 All values represent the mean £ standard deviation from triplicate measurements.
upon Cyt in DNA (Dizdaroglu, 1985). The chemical struc- sasae3 )
tures of the products identified are shown in Figure 2. The eseon
base products and their yields in various DNA samples are eeapa 12
given in Tables I-III.  All these compounds are typical 7seoe
products that arise from attack of “‘OH upon bases in DNA, roeeel 4
as previously identified by radiation studies [for reviews, see neaar 10 _
Teoule and Cadet (1978) and von Sonntag (1987)]. .
The commercial calf thymus DNA used in the present study 3
already contained small amounts of modified bases (Table I), 1@0001 5 6
as described previously (Aruoma et al., 1989a,b). Incubation s sona]
of DNA in phosphate buffer with mercaptoethanol (ME) E
alone, Cu?* ions alone, ascorbic acid (asc) alone, or (OP),Cu?* H 8 |
alone at the concentrations used in this study produced no 2200/ ‘
significant changes in the amounts of base products. However, j
incubation of DNA with (OP),Cu?*/asc and (OP),Cu?*/ME zeeet ] 2 jd 7 9 L T
produced extensive modification of the DNA bases (Table I). o —jUL L A N
The presence of asc promoted much more extensive DNA | M 7 1T S

damage than that of ME over a wide range of concentrations
(data not shown). For example, a much higher concentration
of ME than that of asc in the reaction mixture was necessary
to produce more damage than asc as shown in Table I. Ad-
dition of H,0, (final concentration, 1.2 mM) to the reaction
mixtures increased the yields of the base products approxi-
mately 2-fold (data not shown). Inclusion of the *OH sca-
vengers mannitol and sodium formate at 50 mM final con-
centrations in the reaction mixture containing (OP),Cu?*/asc
had no significant effect on the yield of the products (Table
II). Similarly, a mannitol concentration of 500 mM inhibited
DNA degradation only slightly in the (OP),Cu?*/ME system,
whereas 500 mM Me,SO had a somewhat more inhibitory
action on the formation of most base products (Table III).
Similar results were obtained in the (OP),Cu?*/asc system.
The addition of SOD inhibited somewhat the formation of
cytosine glycol, thymine glycol, 5,6-diOH-Cyt, 8-OH-Ade, and
8-OH-Gua in the (OP),Cu?*/asc system (Table II). By
contrast, the presence of catalase in the reaction mixture

FIGURE 1: Ion—current profiles obtained during the GC/MS-SIM
analysis of a trimethylsilylated hydrolysate of DNA treated with
(OP),Cu?*/ascorbic acid. The column was programmed from 150
to 260 °C at a rate of 8 °C/min after 2 min at 150 °C. For other
details, see Experimental Procedures. Peaks (ions monitored for
unequivocal identification with the first ion being illustrated in the
figure): 1, 5-OH-5-MeHyd (m/z 331, 346, 216, 203); 2, 5-OH-Hyd
(m/z 317, 332, 202, 189); 3, 5-OH-Ura (m/z 329, 344, 343, 253);
4, 5-OHMeUra (m/z 358, 343, 270, 255); 5, 5-OH-Cyt (m/z 343,
342, 328, 240); 6, cis-thymine glycol (m/z 259, 448, 433, 301); 7,
5,6-diOH-Ura (m/z 417, 432, 343, 328); 8, trans-thymine glycol (m/z
259, 448, 433, 301); 9, FapyAde (m/z 354, 369, 368, 280); 10,
8-OH-Ade (m/z 352, 367, 353, 264); 11, FapyGua (m/z 442, 457,
368, 352); 12, 8-OH-Gua (m/z 440, 455, 366, 352) (all compounds
as their trimethylsilyl derivatives).

caused a substantial decrease in the yields of all the products
(Table IT). The yields of some products were even decreased
to the background levels (compare Tables I and ITI). Com-
parable results with catalase were obtained with the
(OP),Cu?*/ME system, but SOD had very little inhibitory
effect, thus ruling out any nonspecific effect of protein on the
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FIGURE 2: Chemical structures of DNA base products identified in the present work.

Table I1I: Yields (nmol/mg of DNA) of Base Products Formed in DNA by Treatment with Cu?*-Phenanthroline®

treatment
DNA/ DNA/(OP),Cu?*/ DNA/(OP),Cu?*/ DNA/(OP),Cu?*/ DNA/(OP),Cu?*/ME/
product (OP),Cu**/ME ME/mannitol (500 mM) ME/Me,SO (500 mM) ME/SOD (625 units/mL) catalase (10° units/mL)
5-OH-5-MeHyd 1.95 £ 0.26 1.62 £0.17 1.35+0.14 1.15 £ 0.06 1.17 £ 0.04
5-OH-Hyd 1.82 £ 0.12 1.36 £ 0.14 1.20 £ 0.05 1.47 £ 0.13 1.18 £0.16
5-OHMeUra 0.31 £ 0.02 0.29 = 0.02 0.25 = 0.01 0.21 £ 0.02 0.27 £ 0.02
cytosine glycol 3.51 £0.52 2.99 £ 0.37 3.53£0.30 332+ 0.76 297 £ 0.87
thymine glycol 9.01 £ 0.52 7.23 £ 1.00 6.30 £ 0.98 6.61 = 0.88 7.15+1.24
5,6-diOH-Cyt 0.53 £ 0.03 0.47 = 0.08 0.43 £ 0.06 0.49 + 0.01 0.39 £ 0.07
FapyAde 0.19 = 0.02 0.17 = 0.004 <0.01 0.35 = 0.01 0.14 = 0.01
8-OH-Ade 207 £ 0.11 1.63 £ 0.29 1.32 = 0.10 1.48 = 0.49 1.12 £ 0.21
FapyGua 0.24 £ 0.06 <0.01 <0.01 0.47 £ 0.03 <0.01
8-OH-Gua 34233 268 £ 4.2 185+ 23 30073 9.10 + 2.44

9 All values represent the mean % standard deviation from triplicate measurements.

assay of base products (Table III).

Average sugar degradation in DNA by (OP),Cu?*/ME as
measured by the deoxyribose assay and calculated as malon-
dialdehyde equivalents was approximately 7-10 nmol/mg of
DNA. This is approximately one-seventh of the total amount
of base damage measured (53.8 nmol/mg of DNA; see Table

I).
DISCUSSION

DNA damage by the (OP),Cu* complex has previously
been measured as strand breakage (Sigman et al., 1979;
Sigman, 1986) or degradation of deoxyribose to thiobarbituric
acid (TBA) reactive material (Gutteridge & Halliwell, 1982).
In the present work, we have, for the first time, measured
damage to the pyrimidine and purine bases. Formation of
modified pyrimidine and purine bases required the presence
of a reducing agent. It was also H,0O, dependent, as shown
by a substantial inhibition of product formation by catalase
and its stimulation by addition of H,0, to the reaction mix-
tures. The *OH scavengers mannitol and formate produced
no marked inhibition, suggesting that DNA damage is not
mediated by "OH that is accessible to these scavengers. It
could be argued that any *OH responsible for the DNA
damage is formed by the (OP),Cu* complex so close to the

DNA bases that *“OH scavengers cannot be present at suffi-
cient concentrations to scavenge it (Gutteridge & Halliwell,
1982). It may be that these hydrophilic scavengers cannot
approach the hydrophobic DNA bases sufficiently closely.
Very high concentrations of the powerful "OH scavenger
Me,SO partially inhibited the base modification (Table III),
consistent with a role for *OH. However, these data must be
interpreted with caution because Me,SO is not specific as an
*OH scavenger (Puppo & Halliwell, 1989).

When either asc or ME was used as a reducing agent, DNA
damage by the (OP),Cu* complex largely resulted in forma-
tion of 8-OH-Gua and, to a lesser extent, of 8-OH-Ade,
thymine glycol, and cytosine glycol. However, the amounts
of all modified DNA bases increased substantially, showing
that the radical species formed in the (OP),Cu?*/asc or
(OP),Cu?**/ME system has considerable reactivity toward the
bases in DNA. This evidence for high reactivity suggests that
this species is *OH. The fact that the base products identified
are well-known *OH-induced products of bases in DNA sup-
ports the involvement of *OH in product formation. The
inability of other researchers to detect *OH during reactions
of (OP),Cu* complexes in the absence of DNA (Johnson &
Nazhat, 1987) does not preclude a mechanism involving *OH,
since binding of the (OP),Cu* complex to DNA may well alter
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the reaction pathway so as to allow *OH formation (Goldstein
& Czapski, 1986). We therefore propose that the species
responsible for formation of DNA base products by the
(OP),Cut system is "OH, formed upon DNA itself and so not
easily accessible to “classical” *OH scavengers such as mannitol
and formate. This would be consistent with the data of
Williams et al. (1988), who concluded that the DNA-dam-
aging species can diffuse over a limited range from the site
of (OP),Cu* binding, suggesting that it is unlikely to be an
oxo—-copper ion complex.

It is interesting to compare formation of DNA base products
generated by the (OP),Cu* system with formation of those
generated by the bleomycin system. Kohda et al. (1989)
reported that small amounts of 8-OH-Gua were formed in
DNA upon treatment with the bleomycin/Fe®* system.
However, formation of modified bases in the bleomycin/Fe?*
system appears to be a minor side reaction in comparison to
sugar damage measured by the TBA test. By contrast, the
amount of base modification by the (OP),Cu* system deter-
mined in the present study was greater than the amount of
sugar damage measured by the TBA test.

The ratio of the yields of 8-hydroxypurines to those of
formamidopyrimidines is much greater than 1 in DNA treated
with (OP),Cu?*/asc or (OP),Cu?*/ME. This is in contrast
to the ratios of these products observed with other *OH-pro-
ducing systems such as ionizing radiation (Fuciarelli et al.,
1989), hypoxanthine/xanthine oxidase, and Fe’* chelates/
H,0, (Aruoma et al., 1989a,b). Since 8-hydroxypurines and
formamidopyrimidines are respectively oxidation and reduction
products of the purine radical that results from addition of
*OH to the C-8 position of the purine ring [for a review, see
Steenken (1989)], the (OP),Cu* system appears to favor the
oxidation of the C-8~OH adducts of purines despite the
presence of a reducing agent such as asc or ME.

In conclusion, we have characterized and quantitated the
base products in DNA produced by (OP),Cu?*/asc and
(OP),Cu?**/ME. The type of products and the inhibition of
product formation by catalase strongly suggest the involvement
of *OH generated from H,0, in the mechanism underlying
product formation.
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