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The complex [Ru(bpy)(BPG)]Cl, (1) containing hydrogen-bond
donor (N-H atoms) and acceptor (O atoms) groups mediates
hydrolytic cleavage of plasmid pBR322 DNA in an enzyme-like
manner. The kinetic aspects of DNA cleavage under pseudo- and
true-Michaelis—Menten conditions are detailed.

attached to peptide moieti€smacrocyclic complexes of
lanthanide$? and polyamine complexes of cobalt(IfhThe
most recent studies involving hydrolysis of DNA has been
restricted to copper(ll) complex&421417.180f those, how-
ever, the most highly efficient hydrolytic cleavage agents
are mononuclear copper(ll) comple&&s-1-22in which a
copper-bound hydroxyl group is the active species in the

The design of DNA- and RNA-specific agents capable of hydrolysis of the nucleic acid phosphate backbone.
controlled chemical cleavage are of paramount importance The majority of ruthenium-polypyridyl complexes non-
due to their potential use as drugs, regulators of genecovalently bind to DNA in different modes, viz. electrostatic,
expression, and tools for molecular biologyetal com- surface binding or intercalation and initiate DNA cleavage
plexes are attractive reagents for the cleavage of nucleic acidseactions on photoirradiation either by electron transfer to
due to their inherently diverse structure and reactivity. base forming covalent photoadducts or by energy transfer
Several studies have been carried out on the complexes whicho molecular oxygen generating0,?® or rarely by a
cleave DNA through an oxidative pathway which requires a hydrolytic mechanism®
co-reactant such as an oxidizing or reducing agent, light, or

redox-active metal center in addition to the principal cleavage
agent?’ The disadvantage of oxidative cleavage agents is
that they produce diffusible radicals which give rise to

multiple cleavage sites by modifying the deoxyribose moiety,
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other hand, agents that promote the hydrolytic cleavage of 10

the phosphodiester backbone of DNA do not suffer from

these drawbacks. Therefore, there has been a substantial
increase in the development of reagents suitable for cleaving

DNA hydrolytically under physiological conditions which
could be useful not only in molecular biology and drug
design but also in elucidating the precise role of metal ions
in enzyme catalysi%:*® Reagents which promote efficient
hydrolytic cleavage of DNA are rhodium(lll) intercalators
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[Ru(bpy),(BPG)ICI, (1) (
Figure 1. Schematic representation of the ruthenium polypyridyl complex

of bipyridine-glycoluril (BPG) used in this study.

Figure 2. (A) Cleavage of plasmid pBR322 DNA (@M, in base pairs)
in the presence of 20M 1 at various incubation times at 3T in Tris—
boric acid—-EDTA (TBE) buffer, pH 8.2, Lane 1: incubation times 10 h at
37 °C; lane 2— DNA + 1 (5 h), lane 3— DNA + 1 (10 h), lane 4—
DNA + 1 (12 h), lane 5- DNA + 1 (16 h), lane 6- DNA + 1 (18 h);
(B) Cleavage of plasmid pBR322 DNA (90M, in base pairs) with varying
concentration ofl (incubation for 14 h at 37C); Lane 1, DNA control;
lane 2, DNA+ 10uM 1; lane 3, DNA+ 20uM 1; lane 4, DNA+ 30uM

1; lane 5, DNA+ 40 uM 1; lane 6, DNA+ 50 uM 1; lane 7, DNA+ 60
uM 1; lane 8, DNA+ 70uM 1; Form |, supercoiled form; Form I, nicked
circular form.

In the present work we report DNA cleavage by a
ruthenium polypyridyl complex, [Ru(bpyBPG)]CL (1)
(Figure 1), without any bound water molecule but with the
peripheral urea moiety of the ancillary bipyridyl-glycoluril
ligand which hydrolyzes the phosphodiester bond efficiently.
The crystal structure of indicates an intricate hydrogen-
bonding network between urea grodp©n the basis of the
structure ofl (Figure 1), we hypothesize that these urea
groups are involved in DNA binding. The hydrolytic
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Figure 3. (A) Plot showing saturation kinetics for the cleavage of plasmid
pBR322 DNA (60uM, in base pairs) with different complex concentrations
5-50uM) of 1 at 37°C in TBE buffer (pH 8.2) (B) Saturation kinetics of
the cleavage of plasmid pBR322 DNA using 201 complex 1 with
different concentrations of the plasmid pBR322 DNA at €7 in TBE
buffer (pH 8.2) (The fits to the data are according to the equations given in
the Supporting Information).

of the plasmid and the appearance of the form Il (nicked
circular form). Significant DNA cleavage is observed in an
argon atmosphere (Figure S1 in the Supporting Information),
and cleavage is neither enhanced nor inhibited in the presence
of D,O by complexl (Figure S1 in the Supporting Informa-
tion), suggesting an oxygen-independent cleavage pathway.
The absorbance vs time profile using rhodamine B as a
reporter molecule for the generation of hydroxyl radited%
reveals that there is no change in absorbance on addition of
1 (Figure S2 in the Supporting Information), which rules
out the possibility of the generation of hydroxyl radicals.

In order to investigate the role of radicals in the DNA
damage by this complex, reactions were performed under
aerobic conditions by incubating the complexes with DNA
for 18 h in the presence of hydroxyl radical scavengers
(DMSO and mannitol), singlet oxygen scavengers (§aN
histidine and DABCO), and a superoxide scavenger (super-
oxide dismutase, SOD). The results show that DNA cleavage
by 1is not inhibited by any of the classical radical scavengers
(Figure S3 in the Supporting Information).

To ascertain the mechanism of the DNA cleavage reaction
by 1, the form Il (NC) obtained from the cleavage of the
SC DNA has been isolated, treated with T4 ligase enzyme,
and subjected to gel electrophore®isdVe have observed
~60% conversion of the form Il to its original form I,
indicating that a hydrolytic mechanism dominates over other
mechanisms (Figure S4 in the Supporting Information).

The kinetic aspects of the hydrolytic DNA cleavage have
been investigated in order to determine the hydrolytic

degradative pathway is supported by several experimentalcleavage rate (details in the Supporting Information). Reac-

protocols discussed below which were performed to distin-

guish different mechanisms through whitimight damage
DNA.

From the DNA-cleavage experiméntn a medium of
Tris—boric acid-EDTA (TBE) buffer (pH 8.2) in dark

tions were carried out under pseudo-MichaeNsenten
conditions by using various concentrationsl@fL.O—70 uM)
and constant DNA concentration (&01), which results in
formation of form Il from the form I, as shown in Figure
3A. The decrease of form | fit well to a single-exponential

conditions by gel electrophoresis (Figure 2A), it is observed decay curve and follow pseudo-first-order kinetics. Rates of

that micromolar concentrations df cleave DNA, as evi-

cleavage were calculated by means of the LineweaBerk

denced by the disappearance of form | (supercoiled form) method (Figure S5 in the Supporting Information) to give
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the kinetic parameteé.x = 0.06+ 0.003 h'%, Ky = 3.80
UM, koK = 1.58 x 10h~1 M1 (Table 1). DNA cleavage

(26) (a) Pamatong, F. V.; Detmer, C. A., lII; Bocarsly, J.JRAm. Chem.
Soc. 1996 118 5339. (b) Detmer, C. A., Ill; Pamatong, F. V.;
Bocarsly, J. RInorg. Chem.1996 35, 6292.

Inorganic Chemistry, Vol. 46, No. 14, 2007 5451



COMMUNICATION

Table 1. Pseudo-MichaelisMenten Kinetic Analysis for Hydrolytic
Cleavage of DNA

segments which bind certain divalent metal cations so as to
deliver its coordinated nucleophile to the phosphate backbone

| I;AM kﬁ:g:f rl;galtll\ljll\ﬁ'i . for hydrolysis of the anionic diestét.The hydrogen bonds

R (bw)r:;pFZ(]2+ 3st )me oo(e )ooos (158X 134 o - ” between the DNA phosphate backbone oxygen atoms and
u(bpy. .80x .06+ 0. . this worl . . T

[Ru(bpyyBPGP*  57.14x 10  0.11+0.002 1.92x 10° this work the N—H groups of the ruthenium-bound bipyridine-gly-
Cu-neamine 3.9%10°  1.86 48x 1°  8c coluril facilitate hydrolytic cleavage by. Recently, Farrell
Coreyelen 1o oo 810 8 et al. have reported a phosphate backbone binding mode for
E* Y 39x 105 025 6.4% 10°  16d a polynuclear platinum(ll) complex that has planar arrays
(Eu?*) ionophore 57%10* 210 3.7x10° 16d of hydrogen-bond donors, leading to association with the
E:Culf?da;anqi?l)-izo)]ﬁ nd VR P o DNA backboné” A similar hydrogen-bonding network is
[Cu(dpgx(H0)**  nd 558+04 nd 17 critical in promoting DNA binding byl and explains why
[CulL)(BN](CIOns  6.5x 1075 4.15 nd 22 only a single strand break is observed in our experiments.
[Cu(L)o(BN](CIO)s 7.5x 105  0.43 nd 22 c lex1 hvd bond : h backb
[Cu(bipy)(NOy);] 33x 104 061 nd 22 omplex1 hydrogen bonds at one site on the DNA backbone

aThese calculated values atgs at saturation levels (i.Vmay.Under
true-Michaelis-Menten conditions (with constant complex concentration),
Keat = Vma{[Elo. In all the above cases, only for [Ru(bpBPGFE™*, Cu-
neamine* and [Cu(dpg)H20)](ClOg).* (which were obtained under true-
Michaelis-Menten conditions), the complex concentration was varied during
kinetic characterizatior?. The specificity constants for individual complexes,
and a measure of the efficiency of DNA hydrolysis; #ichot determined;
L1 = 5,5-di(1-(triethylammonio)methyl)-2,2dipyridyl cation; L2 = 5,5-
di(1-(tributylammonio)methyl)-2,2dipyridy! cation.

reactions were also monitored under true-Michadlienten
kinetic conditions using a constant complex concentration
(20 uM) and varying the DNA concentration
(15—90 uM) (Figure 3B). Under these conditions, rates of
cleavage were calculated (Figure S5 in the Supporting
Information) to give the kinetic parametevgx = 0.11 +
0.002 hl, Ky= 57.14uM, Kkea/Ky= 1.92 x 10° h't M1
(Table 1).

Under these conditiond, binds to the plasmid DNA in

initiating cleavage but does not rearrange to initiate a second
cleavage reaction, resulting in a single turnover.

In summary, we report a rutheniuspolypyridyl complex
which cleaves DNA hydrolytically which is unprecedented
in the vast ruthenium(ll) polypyridytDNA chemistry.
Further applications and molecular modification of the
ruthenium(ll) polypyridyl complexes for nucleic acid-related
molecular devices are in progress.
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Supporting Information Available: Plasmid DNA cleavage
experiment in the presence of argon atmosphere a (Bigure

an enzyme-like manner. Rate constants of DNA cleavage si) rhodamine B assay for hydroxyl radical experimental details
hydrolyzed by Cu (Il) complexes have been reported in the (Figure S2), DNA cleavage experiment in the presence of different
literature when using the pseudo-Michaelidenten kinetic  radical scavengers (Figure S3), T4 ligase enzymatic assay experi-
equations. However, there are only a few reports on Cu(ll) mental details (Figure S4), details of kinetic measurements, double
complexes by using the ligands neanifnand the planar  reciprocal plot of pseudo-Michaetidvienten kinetics fod (Figure
heterocyclic base dpgfor which rate constants of DNA  S5), double reciprocal plot of true-Michaetidenten kinetics for
cleavage under both pseudo- and true-Michaglenten 1 (Figure S5), synthesis and characterizatiof, &lectronic absorp-
conditions were calculated. Here, in the present study, Wetion spectra ofl in the presence of CT-DNA at various incubation

have obtained the specificity constant of the order of 10 times (Figure S6), electronic _absorption spectra bf the absgnce
h-1 M~1 for complex1 under hydrolytic conditions. and presence of CT-DNA (Figure S7); cleavage of plasmid DNA

f fth | her hvdrolvi at various concentrations @f(Figure S8). This material is available
As far as we are aware of, the only other hydrolytic free of charge via the Internet at http://pubs.acs.org.

cleavage of DNA by rutheniumpolypyridyl complex was
reported by Barton et al. for [Ru(DIfhacro]*, where
Ru(DIP), binds to DNA via intercalation and macro is a
chelating ligand with two polyamine tridentate armlike
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