J. Am. Chem. So@001,123,3161-3162 3161

The 2-Deoxyribonolactone Lesion Produced in DNA base®° In contrast to abasic site®)( resulting from formal
by Neocarzinostatin and Other Damaging Agents hydrolysis of a nucleotide’s glycosidic bond, very little is known
Forms Cross-links with the Base-Excision Repair about the susceptibility of 2-deoxyribonolactorig (o repairt*
Enzyme Endonuclease Il Recent methods for generating 2-deoxyribonolactohg &t

defined sites in oligonucleotides have facilitated structural studies
of duplexes containing the lesion and investigations into its
reactivity#12130n the basis of these results and studies on the
reactivity of 2 with BER enzymes in which nucleophilic attack
on the carbonyl was proposed, we suggested that 2-deoxyribono-
lactone () may be an irreversible inhibitor of some members of
this family of repair enzymes. We wish to report evidence that
Atlanta, Georgia 30335 one of these enzymes, endonuclease Il fientoli, cross-links
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Fort Collins, Colorado 80523 Endonuclease Il (endo IIl) was chosen to test this proposal,

Department of Biological Sciences, SUNY at Albany because the mechanism of this enzyme is well understood, and
Albany, New York 12222 its detailed structure has been determitiédFollowing formation
) of 1in DNA (5'-3?P-5), as previously described by irradiation of
Receied September 12, 2000  5-32p4, addition of endo IIl led to the formation of a covalent
adduct as evidenced by SDS-denaturing PAGE (Figure 1). On
the basis of the amount of lactone present, the cross-linking
efficiency was typically~20%21° Cross-linking was not observed
upon reaction of comparable duplexes containing the ketone
precursor ofl (4), 2 (6), or a tetrahydrofuran analogue ?{7),
supporting the proposal that 2-deoxyribonolactone was responsible
for cross-linking the enzym¥.Cross-link formation was specific
to double-stranded DNA, supporting the proposal that endo I
was recognizing and binding to 2-deoxyribonolactone in a manner
analogous to that used to incise an abasic &é%The cross-
linked product was cleaved upon heating (@) under alkaline
conditions (Figure 2), but not in the absence of bagecovalent
adduct was also observed upon exposure' 3fB5 to endo I,
indicating that the oligonucleotide backbone remained intact upon
cross-link formatiort® Evidence that the lysine previously invoked
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The integrity of genetic information is safeguarded by families
of DNA repair enzymes. Base-excision repair (BER) enzymes
incise base mispairs, altered nucleobases, and abasié $ites.
downside of DNA maintenance is that these enzymes can thwart
the function of therapeutic agents that target DNA, such as
antitumor agents. DNA lesions that are refractory to BER are
potentially desirable products produced by nucleic acid damaging
agents. Irreversible inhibition of BER is one means by which
DNA lesions may contribute to a cell's resistance to repair.
However, modified nucleotides that form cross-links to repair
enzymes are extremely rad&Ve wish to report that an oxidized
abasic site, 2-deoxyribonolacton#),(which is produced in a
variety of DNA damage processes, irreversibly inhibits the BER
enzyme endonuclease Ill.
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Figure 1. SDS-PAGE analysis of reaction betweer®-5 and endo-
nuclease lll. 5] = 5 nM in all lanes. Lane 15; Lane 2,5 + piperidine;
Lane 3,5 + endo Il (wt), 20 nM; Lane 45 + endo Il (Asp44Ala), 20
nM; Lane 5,5+ endo Ill (Lys120Ala), 20 nM. Note: The mutant proteins
contain a hexa-His-tag, which gives rise to a slower moving product
(higher molecular weight) than the native protein in the gel.
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Figure 2. SDS-PAGE analysis of reaction betweei3%+5 and
endonuclease 111.5) = 5 nM in all lanes. Lane 15; Lane 2,5 + (0.1
M) piperidine; Lane 35 + (0.1 M) NaOH; Lane 45 + endo Il (wt),
20 nM; Lane 55 + endo Il (wt), 20 nM, followed by (0.1 M) piperidine;
Lane 6,5 + endo Ill (wt), 20 nM, followed by (0.1 M) NaOH.

in Schiff base formation (Lys120) forms the cross-linkltavas
gleaned from comparable experiments with mutants of endo
1. 1117 Substitution of alanine for the aspartic acid (Asp44Ala)
believed to be involved in binding damaged nucleotides re-
duces the amount of cross-linking observed, whereas replacemen
of Lys120 with alanine (Lys120Ala) eliminates cross-linking
(Figure 1)
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All of these observations are consistent with covalent linkage
of endo Ill to 1. However, structural information was lacking,
and we could not rule out the possibility that cross-linking resulted
from reaction of the enzyme with an artifact produced upon UV-
irradiation of 4. Consequently, we sought corroboration that
cross-links to endonuclease Il by examining the reaction between
DNA treated with the neocarzinostatin chromophore and en-
zyme?!® Duplex8 was designed so as to contain three contiguous

5'-dAGCG sequences, which have been shown by Goldberg and
Kappen to result in significant formation tfat the deoxycytidines
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contained thereif? ¢ Reaction of 5%2P-8 with NCS results in
2-deoxyribonolacton€l] formation, as indicated by the increased
yield of alkali-labile lesions at these nucleotid&$® Subsequent
reaction of the NCS-treated duplex with wild-type endo Ill or its
mutant lacking Lys120 (Lys120Ala) produces cross-link from the
wild-type enzyme, but not the mutal§tContribution of other
lesions produced by NCS to cross-link formation cannot be ruled
out by these data. However, cross-link formation between endo
Il and DNA containing 2-deoxyribonolactond)(produced by
two independent methods strongly imply that the lactone must at
least be partially responsible for the observed covalent adduct.

On the basis of these observations, we propose that 2-deoxy-
ribonolactone 1) irreversibly inhibits the lyase step normally
effected by endo Il during the incision of abasic sit& in
duplex DNAZ! Inhibition results from formation of a cross-link
with Lys120 via nucleophilic attack on the carbonyl grouplof
(Scheme 1). To our knowledgg,is the first lesion produced by
an antitumor agent shown to irreversibly inhibit a DNA repair
enzyme. We predict that further investigation will reveal that
2-deoxyribonolactone forms cross-links to other biological mol-
xlacules, and propose that these processes contribute to the
resistance of cells treated with neocarzinostatin to reépéinf
so, the formation of 2-deoxyribonolactori® {n DNA should be
a desirable goal in therapeutic applications for which this
biopolymer is a target.
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