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Materials

dGTP was obtained from Pharmacia and Roche and used as received. dGMP was
purchased from Sigma. Highly polymerized calf-thymus and herﬁrfg-testes DNA were
purchased from Sigma and sheared by repeated sonication aﬁd péssage through a 22- .7
gauge needle. Synthetic oligonucleoﬁdes were purchased frem the Nucleic Acid Core
Facility at the Lineberger Comprehensive Cancer Center at the University of -Nor‘th.
Carolina at Chapel Hill and purified by double ethanol precipitation. Water wes puriﬁedv
with a MilliQ purification system (Millipore), and D,0 (99.9 atom %) was purchased
from Aldrich. Na,HPOQ,, NaH,PO,, and NaCl were purchased fiforh Mallinckrodtf and
used without further puri‘ﬁcation. Na,DPO, and NaD,PO, were plrep_‘é_lred by dissolvirig |
Na,HPO, and NaH,PO, in D,0, followed by evaporation of the solvent. ‘Tile pH of the
sodium phosphate solutions was measured with a standard pH me_tef, balibrated with H20-
buffers, and for D,O soluﬁons the revlationship pD=pH + 0.4 vx;as; used (Perrin, D.D.;
Dempsey, B. Buffers for pH and Metal Ion Control, Science Paperﬁacks, Chapman and
Hall: London, UK., 1974.). RuCl;-xH,0, 2,2’-bipyridine, and 4,4;A’-dimethy1-2,2’-
bipyridine (dmb) were purchased from Aldrich. (NH4)20sCls and Fe$04-7H20 were
obtained from Alfa Aesar. 4,4’-dichloro-2,2’-bipyridine was prepa'fed according to a
literature procedure (Wenkert, D.; Woodward, R. B. J. Org.. Chem. 1983, 48, 285-289).
Metal Complexes | |

Literature procedures were follewed to prepare polypyridyl "Eomplexes of
ruthenium(IT) (Mabrouk; P. A.; Wrighton, M. S. Inorg. Chem. 1986, 25, 526-531),
iron(IT) (DeSimone, R. E.; Drago, R.S.J Am. Chem. Soc. 1970,92, 2343-2352), and.

osmium(Il) (Constable, E. C.; Raithby, P. R:; Smit, D. N. Polyhedron, 1989, 8, 367-369;
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| Yang, J. C.;‘ Meyer, T. J., unpublished results). Products were characteﬁzéd by UV/V is.

spectrophotometry and electrochemisfry, and their purity was checked by thin-layer
chromatography (TLC) oh aluminum oxide plates. Metal(III) comple’xés were
synthesized by oxidation of the corresponding metal(Ii)'complexcs according fo a
published protocol (DeSimone and Drago, 1970). - |
Nucleic Acids |

Nucleic acid concentrations were detcrrhined spectrophotometrically using a
Hewlett-Packard HP 8452 diode array spectrophotometer. The extinction coefficient |
used for calf-thymus and herring-testes DNA wasA €260 = 6600 M"cm'l_ whe;e
concentration of nucleic acid is measured in nuélebtide phosphate. ‘The extinction
coefficient for AGMP was €369 = 13,700 M!'em Extinctioﬁ' coefficients for
oligonucleotides were calculated using the nearest neighbor equation, giving the
concentration of nucleic acid in strand conCentratipn.

Solutions of double-stranded oligonucleotide were prepared by mixing two
oligonucleotides in the 1:1 ratio in iOO mM sodium phosphate, pH 8 with 800 mM NaCl, ]
heating at 90°C for 5 min, and cooling the mixture to room temﬁeréture vover a period of '
3h
Stopped-flow Spectrophotometry and Global Fitting

Kinetic experiments were carried out using an On Line Instrument Systems OLIS
RSM-1000 stoi)ped-ﬂow system. The réaction was monifdred spectrophotometriéélly at
Amax Of the metal complex in the reduced form(M**) + 230 nm ‘Solﬁtions were
maintained at 25 + 1°C. The of(idant and DNA were dissolved in ~10 mM H,S04 ér DCl

~ with 800 mM NaCl (pH 2) and pH 8 phosphate buffer with 800 mM NaCl, respectively,
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to give a solution that is 50 mM sodium phosphate, pH 7 with 800 mM NaCl after
mixing. Concentrations of sz_o.nd M*" in each run were obtained from Ay and A
Anin, recpectively, at the Amay for M2, Maximum wavelengths and fnc extinction
coefficients of M are given in TabIc S1, and the substrate and oxidant concentrations )
along with the length of the run are summo.rized in Table S2. Second-order oxidation rate
constants were .dctermined by globol anolysis of all the data using the SPECFIT software
(Spectrum Software Associates, Chapel Hill). The rate constants for the faster and
slower components for each metal con'lplexl are given in Tables S3 and.S4.
Cyclic Voltammetry

. Electrochemistry experiménts were performed at 25 mV/s with an ITO working
electrode, Ag/AgCl reference electrode ond 5 Pt counter electrode. ITO electrodes were
washed by sonicating 10 minutes in isopropanol ‘followed by two washes in_ water (10
@inutes each wash). Electrodes were air dried. The samples consisted of 1 mM herring
testec DNA or 50 pM dGMP and 50 pM Ru(bpy)32+ in 50 mM sodiurn phoéphatc, 800
mM NaCl (pH, pD =7.0). ITO electrodes were conditioned for 6 cycles at 25 mV/s in 50
mM sodium phosphate, 800 mM NaCl.v A background cyclic voltammogram was |
obtained of the buffer alone. This background was subtracted from the subsequent Ru |
only cyclic voltammogram and Ru+DNA cyclic voltammogram. The cyclic

voltammograms were fit to a three-step oxidation mechanism using DigiSim software.
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Table S1. Properties of ruthenium, iron, and osmium,polypyri&yl complexes used

in the study.
Metal Complex Ein Amax(1D), €max(1L),
(W, v nm Mlem™?
Os(dmb);” 0.47 ‘ 496 - 13000
Os(dmb)(bpy)2. * 055 | 494 13 000
Os(bpy)s” ‘ 0.61 490 12 900
Fe(dmb);” <" 0.66 529 8 400
Fe(bpy)s '~ 0.83 522 8600
Ru(dmb);” ™" 0.86 458 17 000
Ru(dmb),(bpy) - = 093" 456 14 000
Ru(dmb)(bpy)s * ' 0.08 452 16 000
Ru(bpy)s. 1.05 452 14 600
Ru(bpy)2(ClL-bpy) " 1.13 448 12 600
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Table S2. Conditions for stopped-ﬂdw specti‘ophotometry experiments used to
monitor oxidation of various DNA substrates by ruthenium, iron, and osmium

polypyridyls.
Substrate [Suﬁstrate], uM | Oxidant [Oxidant], uM | Time, sec
dGTP 100 ‘ Fe(bpy)s [ 27-34 240
dGTP 50 Ru(dmb);” 3-11 v 120
dGTP 25, 50 Ru(dmb),(bpy)”” 8-22 10-20
dGTP 25, 50 Ru(amb)(opy)2 1623 12
dGTP 25, 50 Ru(bpy)s™ 13-35 1-2
dGTP 13 Ru(bpy)(Cl-bpy)”™ | 7-16 0.1
ssoligo® | 200° Fe(bpy)s™ 30-58 ~[300
ssoligo® | 200° Ru(dmb);”" 5-15 300
ss oligo® 80° Ru(dmb),(bpy)”™ 10-17 45-60
ssoligs® | 80° Ru(dxﬁb)(bpy)zé* 8-20 10
ss oligo® 80° Ru(bpy)s” 20-36 0.5-1
ds oligo® 300° Fe(bpy)s™ 18-25 300
dsoligs® | 300° Ru(dmb);>" 710 60
dsolige® | 120° Ru(@mb),00py)" 1122 120
ds olig&’ 120° Ru(dmb)(bpy)s~ | 25-31 20
ds oligo® 120° Ru(bpy)s”" 28-35 1
ht DNA 750° Fe(opy)s 27-31 900
htDNA | 750° Ru(dmb); > 7719 500
htDNA | 750° Ru(dmb)(bpy)" 1478 180
htDNA | 750° Ru(dmb)(bpy)s”" 18-30 30
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Table S2. (continued)

RDNA ]300, 750° Ru(bpy)™ 7045 )
GIDNA | 400,660° Fe(i)py);* — 1443 600-900
GDNA | 520° Ru@mb) |26 30

- [GDNA  [340° Ru(@mbyopy)” 1221 | ‘1>80
ct DNA 34(0° Ru(dmb)(bpy),” = | 9-25 ' 30-45
GTDNA | 400, 600° Ru(opy)s™” 7735 7

Sequence 5°-GCA GTA GCA TGT GAC GAG TCG-3’

® Sequence: 5°-GCA GTA GCA TGT GAC GAG TCG hybridized to 5’-CGA CTC GTC
ACA TGC TAC TGC-3".
¢ Guanine concentration.
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Table S3. Second-order rate constants for the faster reaction component for
guanine oxidation in different environments. :

Rate constant, M sec !
Oxidant dGTP ss oligo ds oligo “ht DNA ct DNA
Fe(bpy)s™ (3.61030) | (1.0+£0.050) | 460+11 | 62+5.1 160 + 24
10° 10° .
Ru(dmb);”~ | (8.2 +0.60) | (1.3+0.058) | 390+ 40 61£9.1 |(1.8£0.13)
10° 10° ‘ | 10°
Ru(dmb),(bpy)”" | (22 £0.40) | (1.5+£0.20) | (3.4+0.20) | - 400£28 | (1.0£0.29)
10° 10* 100 10°
Ru(dmb)(bpy),”” [ (1.3+£0.20)| (6.7+1.2) |[(3.6+£0.20)| (2.31£0.082) |(5.5% 0.89)
10 - 104 10* 10° 10°
Ru(bpy)s™ (5.4+030) [ (8.0£0.50) |(2.5+090)| 34t 0.080) | (2.6£0.7)
10° 10° 10° 10* 10*
Ru(bpy)»(CL- | (3.2 £ 0.30)
bpy)* 10’ - o - -
Rate not measured.
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Table S4. Second-order rate constants for the slower reaétion component for
oxidation of guanine in different environments.

Rate constant, M- 'sec”

Oxidant dGTP ssoligo | dsoligo | htDNA | ctDNA
Fe(bpy)s™ 320 + 40 110+3.5 | 41+060 | 7.9+032 | 14+0.70
Ru(@dmb)y" | 72050 | 130%£96 | = | 7213 | 14040
Ru(dmb),(bpy)’” | (2.2£0.50) | (1.8£0.20) | 370£10 | 4249 69 + 17
10 10° - S |

Ru(@mb)opy)y” | (20£0.7) | (53£12) | (3.0£0.30)] 180£34 | 410+45
10° 10° 10° o ‘ -

Ru(bpy)s™ (3.120.4) | (2.5+0.40) | (4.6 1.4) | (5.5%0.30) | (3.3 +0.60) |

10° 10° 10* 10° 10°

lo- + ’
Ru(glpgg%gc 2 (8.7 1_0(6).30) b b | [ P

Fit to one-population model. .
® Rate not measured.
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