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DNA is a remarkably complex molecule. It is found in three main dou-
ble helical forms, the right-handed-A form and B form (the Watson-Crick
double helix), and the left handed Z~form [l]. Local inhomogeneities in
DNA, such as cruciform sections, loops, and kinks, as well as covalent mod-
ifications, are involved in gene expression [2]. Metal complexes that
cleave DNA are impcortant because their chemistry supplements the chemistry
available in naturally-occcurring nucleases [3]. Metal complexes are used
as footprinting reagents and a structural probes of DNA.

Unlike most naturally occurring nucleases, which cleave DNA by hy-
drolyzing the phosphodiester backbone, synthetic nucleases cleave DNA by
damaging the deoxyribose moiety through metal-mediated redox chemistry [4].
These metal complexes bind to DNA and ¢leave the sugar-phosphate backbone
by delivering reactive oxygen species to the sugar, or through photochemi-
cal oxidation of the sugar [3b,5].

Methidium-propyl-EDTA Fe(II} (MPE-Fe(II)) is a non-specific DNA cleav-
ing reagent that is used in footprinting experiments [l,3b]. This complex
contains a DNA intercalator, methidium, covalently bound to EDTA by a short
hydrocarbon tether [(6]. In the presence of dioxygen and a reducing agent,
the iron-MPE complex produces single-strand breaks in double-helical DNA at
every base position [7]. This reaction has been thought to involve the
hydroxyl radicals, although recent work has suggested the intermediacy of
an iron-oxo species in oxidations by ferrous chelates [8].

In 1979 Sigman, while doing inhibition studies of E. ceoli DNA poly-
merase I, discovered that the cuprous complex of 1,l10-phenanthroline
{(OP)pCu’) shows nuclease activity [9]. Subseguent work demonstrated that
(0),Cu* exhibits secondary structure specificity [10], i.e., {(OP),Cut pref-
erentially cleaves the B form of DNA. As does iron-MPE, (OP);Cu' regquires
dioxygen and a reducing agent for nuclease activity. Hydroxyl radicals are
thought to be the reactive species and the following mechanism has been
proposed for the generation of OH+ in the presence of dioxygen and a thiol
reducing agent [10b,12]:

RHS + (OP),Cu?* — 1/,RSSR + (OP),Cu*
2(0P)sCut + 05 + 2HY —> 2(0P),Cu?* + Hy0;
(OP),Cu* + H;0, —> +OH + OH™ + (OP),Cu?*

The cleavage patterns observed in recent work done on this system indicates
minor groove binding rather than the intercalative binding observed for
iron-MEP [13].

Chiral tris-chelate transition metal complexes which can discriminate
between left-handed and right-handed DNA helices have been the subject of
intensive studies in Barton's laboratory [14]. Optically pure tris(phenan-
throline) ruthenium(II) complexes have been prepared, and their absolute
configurations have been determined. These complexes show enantiomeric se-
lectivity, with the delta isomer binding preferentially to right-handed
helices. The tris{phenanthroline) complexes bind with one ligand inter-



calating, and the other two ligands fitting along the major groove. The
selectivity of binding of these enantiomers of DNA is a direct consequence
of their structures. The non-intercalating ligands of the lambda isomer
are opposed to the direction of the right-handed groove (as depicted below
[15] :
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Tris-chelates of the bulkier 4,7-diphenylphenanthroline (DIP) ligand show
greater stereoselectivity than the tris-phenanthroline complexes. The
lambda isomer of the tris (DIP) ruthenium({II) complex shows a strong prefer-
ence for left-handed (Z) DNA and thus could be used as a probe for left-
handed helicity. These ruthenium(II) complexes, as well as Co(III) and
Rh(III) tris-chelate complexes prepared by Barton and coworkers, cleave DNA
by photoactivated redox processes [5].

Sequence~specific DNA cleaving molecules have been synthesized by at-
taching a metal chelator to a sequence-specific DNA binding molecule. This
approach has been dubbed "affinity cleaving"™ [l]. Dervan and coworkers
prepared one such molecule, distamycin~EDTA (DE) [16]. De-Fe(II), in the
presence of dioxygen and dithiothreitcl as reductant, cleaves the DNA
strand next to four-base-pair A-T rich regions. This chemistry has been
extended in the synthesis of several other affinity-cleaving reagents [17].
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