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The quest for highly selective DNA modification agents and
reactions continues to challenge our understanding of nucleic acid
recognition phenomena and impacts the development of phar-
maceuticals and reagents for biotechnoldgythis area, naturally
occurring and synthetit metal complexes that activate, @

i'-l ‘
LA L EE T

1l mn

induce nucleic acid modification are of particular interest, given g
the physiological availability of molecular oxygen; systems - T
designed with this capability could lead to agents that function — s S g
in vivo. - E A
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Building on our studies of Ni(ll)-based metallopeptidese
have demonstratéthat aerobic admixtures of Co(H) HoN-Xaa-
Xaa-HisconNH, peptides (where Xaa is asm-amino acid) form
unstable u-peroxo dimers (Scheme 1) which decompose to
aquated Co(llhXaa-Xaa-His metallopeptides consistent with
structures reported previouslyThese metallopeptides have the
wherewithal to induce DNA strand scission upon photoirradiation. _. . 0 . .

In addition to hv activation, it was also showkrthat aerobic Figure 1. Autoradiogram of a 6% denaturing polyacrylamide gel
- ! . . . demonstrating the ©£dependent modification of a’'5?%P end labeled

admixtures of Co(ll)+ Xaa-Xaa-His peptides in thebsenceof duplex DNA substrate (514 base pBitaRI — Rsd fragment of pBR322)

light were able to C'?a"e DNA, albeit with less overall aCt'V'ty, by Co(ll)-Lys-Gly-His. All lanes were treated with piperidine: lane 1,

than irradiated reactions. As reported presently, further analysis eaction control, intact DNA; lane 2, reaction control, 1@ Co(ll);

of the hw-independent reaction has revealed that aerobic admix- jane 3, 100uM Co(ll) + 100 uM Lys-Gly-His + ambient @; lane 4,

tures of Co(ll) + HN-Lys-Gly-HisconH, mediate the highly 100 uM Co(ll) + 100 uM Lys-Gly-His, Ar-purged; lanes 5 and 6,

selective modification of DNA, most ||ke|y via the intermediacy Maxam-Gilbert G+ A and T+ C reactions, respectively.

of a u-peroxo dimer.
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. . Co*t + piperidine is evident (lanes-4, top, Figure 1), cleavage
Scheme 1.Oxygenation of Co(IBLys-Gly-His to Form a was not observed within (1Y 8 GG, 8-GGT, 8-GTG, or other
p-Peroxo Dimer Followed by Decomposition to Monomeric sites containing portions of the preferred5GTGG sequence

Products nor (2) the very similar sequence6GGTGG which differs from
2 CofllyLys-Gly-His the targeted sequence by only one base pair. In addition, labeled
l 0, DNA substrates containing sites complementary to the 5
AGGTGG sequence (i.e.,"'2CACCT) were not modified
indicating that only the T residue within the duplex recognition
Lys-GIy-His-Co(III)/O~O/Co(lll)-Lys-GIy-His sequence is targeted and suggesting the involvement of a non-
diffusible modifying species. Indeed, hydroxyl radical scavengers
l (100 mM DMSO, mannitol, ethandlert-butyl alcohol) have no
effect on the reaction (Supporting Information).
(HaO)o-Co(lllyeLys-Gly-His As mentioned, the DNA lesion formed by Co(llYG- Lys-

Gly-His is labile to a postreaction workup with piperidine. To
probe further the chemistry of this DNA lesion, its lability to
treatment with NaOH was also tested (0.1 M NaOH/°&J5
min, Supporting Information); strand scission did not occur upon
this mild alkali treatment suggesting that DNA modification by
Co(I)/O, + Lys-Gly-His proceeds through a mechanism involv-
ing T nucleobase oxidatidrand not through deoxyribose oxida-
tion (e.g., C4hydroxylation)!? Given that T nucleobase modi-
fication is likely, the relative accessibility and reactivity of the T
residue within 5AGGTGG sites was evaluated through treatment
of identical end-labeled DNA substrates with KMp@ccessible

T residues are readily modified by this reagent, while T residues
that are efficiently stacked within the double helix are less
reactive'© It was found that the T residue withif-BGGTGG
sequences exhibited low reactivity with this reagent (in compari-
son to other T residues within the same substrate), suggesting
their efficient stacking within the double helix, likely due to the

T Current Address: Roche Diagnostics, Indianapolis, IN. flanking purines of this sequené®lt is possible, however, that

+
Co(lllysLys-Giy-His

As shown in Figure 1, Co(Iht+ Lys-Gly-His leads to the &
dependent modification of a single thymine residue within 5
AGGTGG sites; the initial DNA lesion formed was found to be
labile to a postreaction workup with piperidine (1 M piperidine/
90 °C/30 min)? Analysis of additional restriction fragment
substrates (representing a total-e1500 base pairs) and other
Xaa-Xaa-His peptide-liganéiindicated that the high level of Co-
(IN/O, + Lys-Gly-His selectivity for this sequence is maintained
(e.g., identical 5BAGGT GG selective cleavage was also observed
in the Bsm — Nrul fragment of pBR322). While a lower level
of Co(l1)/O, + Lys-Gly-His-dependent DNA modification occurs
at 5-ATGAGA sites (observed as a slower migrating band in
lane 3 of Figure 1) and some background DNA damage due to
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upon DNA—metal complex associatida structural perturbation
of this sequence could occur altering the accessibility of this
residue.

What is the active DNA-modifying species formed in the above
reaction? To test the involvement of theperoxo dimer formed
upon aerobic oxidation of Co(lb Lys-Gly-His, 3-AGGTGG
cleavage was monitored as a function of dimer concentration
(Figure 2 and Supporting Information). It was found that the
intensity of T residue modification within this sequence steadily
diminished in parallel with the spectroscopically monitored
decomposition of the dimer. This observation strongly supports
the notion that thei-peroxo species is involved directly in DNA
modification.

In addition to the above, further support for the involvement
of the u-peroxo dimer derives from molecular modeling and
knowledge of the size and symmetry of thHeA&SGTGG DNA
recognition site. Structural models indicate that it is possible for
the u-peroxo dimer to recognize and bind to the six-base pair
recognition sequence, whereas a monomeric complex can only
interact with two to three base pairs and is thus unlikely to
recognize a site of this size. Indeed, reactions that employed
monomeric complexéof Co(lll)-Lys-Gly-His do not mediate
DNA damage at these siteghe above thus suggests that each
of the metallopeptide halves of the dimer may interact with the
two 5-XpGpG sequences of AGGTGG via the DNA major
groove, as similarly found with other Co complexXésn such a
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Figure 2. Autoradiogram illustrating the selective cleavage of B
end-labeled 514 base pair DNA restriction fragment @eeRl — Rsd
fragment of pBR322) by Co(liLys-Gly-His + O, as a function of time
and u-peroxo dimer decomposition. Lanes-23 were treated with
piperidine: lane 1, reaction control, DNA alone; lane 2, reaction control,
DNA alone; lane 3, reaction control, 100 Co(ll); lanes 4-23, 100

uM Co(ll) + 100uM Lys-Gly-His + ambient Q (preformed and added

to substrate DNA for 30 min after the following elapsed time intervals:
0,15,3,45,6,7.5,9,10.5, 12, 135, 15, 16.5, 18, 19.5, 25, 30, 40, 50,
60, and 70 min, respectively); lanes 24 and 25, Max&iibert G+ A

and T+ C reactions, respectively.

complex with the DNA, theu-peroxo dimer could effectively
deliver its active oxidizing moiety to the proxima-% double
bond of the T residue residing approximately in the middle of
the recognition sequence. Oxidation of this region of thymine
would result in a piperidine-labile lesidn.

In summary, the above findings indicate thaperoxo dimers
of Co(lll)-Lys-Gly-His lead to a novel means of mediating the
highly selective recognition and modification of DNAWhile
this reaction, at present, does not yield a high level of modified
DNA, it does represents a new strategy for the efficient activation
and delivery of a reactive oxidawterived from ambient @to
the DNA double helix. Further investigation of this reaction in
conjunction with alternative Xaa-Xaa-His tripeptide-ligands may
result in a generalized means of selectively modifying alternative
DNA sequences.

Acknowledgment. The authors thank the National Institutes of Health
(GM 50557) for financial support of this work. In addition, one of us
(D.C.A.) thanks the Department of Education (GAANN) and the Purdue
Research Foundation for pre-doctoral fellowship support.

Supporting Information Available: Autoradiograms illustrating the
results of hydroxyl radical scavenger experiments, reactions involving
alternative Xaa-Xaa-His peptide-ligands, a comparison of postreaction
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