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Oxidative DNA cleavage can be performed using a variety of
damaging agentsOur group has focused on rhodium complexes
of phenanthrenequinone diimine (phi) that bind to double helical
DNA by intercalation. On photoactivation, direct DNA strand
cleavage is promoted at the bound site; irradiation at long
wavelengths leads also to base oxidai@nComplexes with
sterically more demanding ligands, such as chrysene-5,6-quinone
diimine (chrysi), with an expanse exceeding that of the well matched
base pair, can intercalate only in mismatched sites, where the base
pairs are destabilized; as a result, site specificity is obtained. Figure 1. Two bulky metallointercalators targeted to mismatcteshe
Recently, we have prepared a novel chrysi complexf Rh Rh complex modified with a basic peptide, a the parent [Rh-
containing a pendant peptide for targeting DNA mismatches inside (PPy):chrysiF*.
cells®> As new derivatives of the DNA-binding metal complexes ) )
are prepared, it becomes important to characterize their site (SUPPOrting Information). A second MALDI-TOF mass measure-
specificities. Here we describe a new method to characterize bothMent after 48 h at ambient temperature shows complete conversion
the site specificity of the DNA cleaving agent and the products. of these products assigned as dehydronucleotides to the phosphate-

We describe DNA photocleavage yand other Rh complexes modified nucleotides (see inset a in Figure 2). We assign peak 5
by MALDI-TOF mass spectrometfy.Often DNA cleavage is (m/z = 3486) to a furanone derivativé? Also evident is a large
analyzed using gel electrophoresis3®-end-labeled DNA.For molecular fragment, 3, that we assign as an oxidation product of
complexes binding site selectively, however, MALDI-TOF provides DNA A, the 2-deoxyribonolactoneniiz = 5084)!

a rapid, sensitive method to analyze directly not only site specifici- ~ 1hese cleavage data may be compared to gel electrophoresis
ties but also cleavage products. analysis of the cleavage reaction. Photocleavage is observed on

The Rh complexl was synthesized by coupling the parent [Rh- the same DNA strand (A) at the same position as observed by
(phen)(bpy3C)chrysit, containing a pendant carboxylate (bpy3C MALDI-TOF analysis (Figure 3). Interestingly, only a smeared
= 4-propionic acid-#methyl-2,2-bpy), and prepared analogously cleavage band is observed when the cleavage reaction is examined
to that described earliérto the N—(Arg)sLys—C peptide on the by gel electrophoresis directly after the photocleavage, while a sharp
solid phase after activation with HOBT/HBTU. Cleavage from the cleavage band, which we suggest is the stabjghBsphate cleavage
solid support was performed by standard Fmoc peptide cleavage product, is observed following a 20 h incubation at“Zin the
and the complex was isolated by HPLC (Supporting Information). dark after irradiatiort?

Photocleavage was performed by irradiation after incubation with ~ \We have also examined DNA photocleavage products using the
1 of an oligomeric DNA duplex (2:M) containing a single base  parent [Rh(bpychrysiF* by MALDI-TOF analysis. Fragments with
pair mismatcH. After desalting the reaction mixture by the ziptip masses are shown as inset b in Figure 2. Importantly, equivalent
procedure, MALDI-TOF mass spectra were measured (Figure 2). products are observed as with although here stronger peak
The uncleaved DNA oligomers (red) are seemmat = 5179 (1 intensities for fragments are serlthough weaker in intensity,
DNA A'*), 5166 (2, DNA B*), 2583 (7, DNA B*), and 1722 (9, analogous intermediates can also be observed for'tokévage
DNA B3*). DNA B!t and DNA B** have been used for internal  productst* Whether these products reflect major or minor groove
mass calibration. Cleavage fragments are also evidentat= access depends on the structure of the mismatched site with bound
3579, 3486, and 3390 (blue) and 1789, 1598 (green), where theintercalator. Some of these products have been observed earlier in
former correspond to the A strand cleaved to theiBe of the oxidation reactions with Cu(phesi)'° Interestingly, products 4,
cleavage site and the latter to the A strand cleaved to 'ts@l8. 5, and 8 have, however, not been characterized previously, likely
These fragments are consistent with cleavage occurring only onas a result of the alkaline treatments utilized. It is also noteworthy
DNA strand A, one base pair neighboring the mismatch to the 3 that the 2-deoxyribonolactone (3) can still be observed 48 h after
side. These cleavage products cannot be observed in the absencie photocleavage reaction and therefore seems to be a side product
of light or after irradiation of a reaction mixture in the absence of rather than an intermediate.

1 or 2. We assign the cleavage product (6 in Figure 2in&t = Photocleavage using [Rh(bpy)(pfi#), which binds and cleaves
3390 as a 11-mer DNA with a-®hosphate terminus (blue), while  mismatches but also canonical B-DNA, not surprisingly yields a
the product (10) atn/'z = 1598 corresponds to the 5-mer DNA  wealth of peaks by MALDI-TOF analysis (Supporting Information).
with a 5-phosphate (green). These are the most common productsin addition to cleavage at the mismatched site, we see new products
observed with oxidative DNA damagé® More surprising are the  corresponding both to cleavage at alternate sites and also to cleavage
products atw/'z= 3579 (4) and 1789 (8); these correspond in mass at similar base positions as farbut with alternate masses. Based

to fragments containing 2,3 and 4,5 dehydronucleotide termini upon the absence of some products, it is likely that [Rh(bpy)}{|8hi)
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Figure 2. MALDI-TOF mass spectra obtained 40 min after photocleavagieavage products are numbered and described in the text. For the oligomer

sequence shown, blue and green numbered products correspond, respecti

vely, to cleavage fragments on thé endttataitbe cleavage site, the (in

black) neighboring the mismatch; B strand products are in red. Inset a: MALDI-TOF mass spectra obtained later, 48 h after photocledvéagsetith
MALDI-TOF mass spectra obtained 40 min after photocleavage with the p2argnhitM), and 4uM mismatched DNA.

A: 5-GCG CCG TCG TCC ATG TG-3’
B: 3'-CGC GGC AGC ACG TAC AC-5°
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Figure 3. Phosphoimagery of a 20% polyacrylamide gel showing selective
photocleavage on DNA strand A iy For A andB, the A strand and B
strand are 5°2P-end-labeled, respectively. For each series, AG and CT lanes
are Maxam-Gilbert sequencing reactions; LC corresponds to samples
irradiated but without metal complex; DC are samples with metal complex
but no light, and 0.5 and 20 h correspond to times of incubation of samples
after irradiatior? The mismatched DNA with marked mismatch and cleavage
site is shown above.

cleaves differently than [Rh(bpyohrysift. The many peaks are
nonetheless a clear diagnostic of the lack of site specificity.
Overall, these data illustrate a new methodology to analyze DNA
cleavage reactions by small molecules. The method is particularly
useful in the analysis of molecules that cleave site specifically. The
method requires no radioactive labeling, only little material, and
analysis can be accomplished within minutes. Moreover, this mass

spectral analysis of DNA cleavage yields direct information
regarding products rather than simply the base pair site of cleavage.
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