Transition Metal Complexes as DNA Cleaving Agents
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Restriction enzymes are cornmonly used both in vive and in vitro to bind and cleave DN
selectively, but they suffer from limitations such as pH and temperature dependence, and
fragility. Metal complexes with comparable selectivity would be good alternatives because in
addition to higher stability, they have useful redox properties and controllable shape selectivity.

In 1979, the first study of DNA cleavage by a simple transition metal coordination
compound, Cu(phen);* where phen is 1,10-phenanthroline, was published.? Since then,
DNA-cleaving abilities of many transition metal derivatives have been studied.1,2 Metal
complexes with flat aromatic ligands such as phenanthroline (Figure 1) have been shown to
intercalate between the base pairs of DNA.1 Once a molecule binds to DNA, its ability to
cleave DNA selectively can be monitored by gel electrophoresis.

Cationic metalloporphryins have been studied for their DNA binding and cleaving
ability. FeTMPyP and ZnTMPyP (TMPyP = tetrakis(4-N-methylpyridiniumyl)porphyrin)
bind to regions rich in adenine-thymine pairs and cleave DNA in those locations.3 MnTMPyP
binds to the minor groove and cleaves regions with three consecutive adenine-thymine base
pairs. Additional approaches to alter the cleavage selectivity of the manganese system include
linking oligonucleotide and nuclease units to the parent metalloporphyrin.3:4

To determine how the nature of the metal affects DNA cleavage, Mn(III) and Ni(IT)
salen derivatives were compared (salen = bis(salicylidene)ethylenediamine). Quaternary
ammonium chains were attached to the salen ligand to aid in water solubility (Figure 2).
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Figure 1. DNA-intercalating ligand. Figure 2. Water-soluble, bis-cationic
salen-based ligand.?
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Bhattacharya and coworkers observed that the Mn(III) derivative was a more active DNA
cleavage agent than the square planar Ni(Il) species.> Ligand effects of substituted Mn(III)
salen derivatives were studied by Griffin and coworkers, who found that cleavage efficiency
decreased as the size of substituents increased.®

Ruthenium(IV)-oxo species have been shown to bind non-covalently and cleave DNA.7
When comparing [Ru(O)(tpy)(bpy)]2*, [Ru(O)(tpy)(phen)]>*, and [Ru(O)(tpy)(tmen)]>*(tpy =
2,2’, 27 -terpyridine, bpy = 2,2’-bipyridine, phen = 1,10-phenanthroline, tmen = N.N,N’ ,N’-
tetramethylethylenediamine), Thorp and coworkers found that the phen derivative cleaved DN/
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