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Figure S1. UV titration of DNA 1 with CuII 

UV titration of DNA 1 (5 µM) with CuSO4 solution. 

Top left: 0-1 eq. Cu; top right: 1-2.4 eq. Cu. Bottom: 

absorbance diagram at 313 nm, 10 mM HEPES (pH7), 150 mM 

NaCl. 

The spectrum obtained on addition of 1.0 eq. Cu is similar 

to that of (tpy)2Cu [G. U. Priimov, P. Moore, L. Helm, A. 

E. Merbach, Inorg. React. Mech. 2001, 3, 1-23] and is 

attributed to the cyclic bischelate (1)Cu; the spectrum 

obtained on addition of 2.0 eq. Cu is similar to that of 

(tpy)Cu and is attributed to (1)Cu2, in which each tpy is 

coordinated by one CuII. 
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Figure S2. EPR spectrum of (1)Cu 

 
Solid line: EPR spectrum of a 1/CuSO4 mixture (58 µM/47 µM) 

in a water/glycerol 7/3 glass at 77 K (0.1 M NaCl, 10 mM 

MOPS pH7). Dashed line: spectrum of (tpy)2Cu (prepared in 

situ by mixing 200 µM tpy and 70µM Cu) under the same 

conditions. A spectrum with gpar=2.26 and Apar=165 G is 

observed for 50 µM [(tpy)Cu(OH2)]2+, obtained by mixing tpy 

and CuSO4 in a 1:1 ratio. 
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Figure S3. Fluorescence titration of 1:MB duplex with CuII 

Fluorescence titration of 1:MB duplex (black diamonds) and 

of 2:MB (grey triangles) with CuII. 

MB (molecular beacon) is a fluorophore-quencher-labelled 

DNA hairpin with the sequence TAMRA-5’-

ATA.TCG.GAT.GCT.TTG.GTA.ACG.ACG.ATA.T-3’-Dabcyl (16mer 

complementary to 1 and 2). MB has a very low fluorescence 

in the quenched state and a strong fluorescence when 

hybridized to complementary DNA. 

Upon addition of CuII to the 1:MB duplex, fluorescence 

strongly decreases to a minimum at about 1 eq. CuII, 

indicating ring closure and release of the MB. Between 1 

and 2 eq. CuII, fluorescence increases slightly but 

significantly, indicating ring opening and rehybridization. 

The increase of fluorescence is smaller than observed in 

the titration of 1:MB with ZnII (see Ref. [6]). This is 

interpreted by quenching of the 5’-terminal dye by the 

(tpy)Cu unit of the complementary strand in (1)Cu2:MB, as 

previously observed for a related system [J. Brunner, R. 

Krämer, J. Am. Chem. Soc. 2004, 126, 13626-13627]. The 

quenching effect of (tpy)Cu is confirmed by titration of 

2:MB with Cu (grey triangles); in this duplex, the 5’-

terminal dye of MB is in proximity to the 3’-terminal 

(tpy)Cu unit of 2. 
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Figure S4. UV spectrum of (1)Cu in the presence of phen 

and DNA 3 

 

Solid line: UV spectrum of a mixture of DNA 1 (5 µM), CuSO4 

(3.5 µM), phen (25 µM) and DNA 3 (5 µM) at pH 7 (10 mM 

HEPES), 0.1 M NaCl, 25 °C. Dashed line: obtained by 

addition of three spectra: 1/Cu mixture (5 µM/3.5 µM) + 3 

(5 µM) + phen (25 µM). Dotted line: obtained by addition of 

two spectra: 1/3 hybrid (5 µM) + phen/Cu mixture (25 µM/3.5 

µM). 

The dashed line is a hypothetic spectrum which corresponds 

to a 1/Cu/3/phen mixture in which all Cu is bound to 1. The 

dotted line is a hypothetic spectrum which corresponds to a 

1/Cu/3/phen mixture in which all Cu is bound to phen. The 

real spectrum (solid line) is more similar to the dotted 

line, indicating that phen extracts CuII from (1)Cu in the 

presence of complementary DNA 3. On addition of DNA 3 to 

the 1/Cu/phen mixture, the changes in absorbance are 

complete within one minute after mixing, indicating fast 

hybridization. 
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Figure S5. HPLC analysis of DNA under assay conditions 
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2 µM of unmodified 20mer DNA (ATC.GTT.ACC.AAA.GCA.TCG.TA) 

was added to a mixture of 2 µM CuSO4, 5 µM phen, 100 µM 

cysteamine and 10 µM DCFH at pH 7 (10 mM MOPS buffer) and 

0.1 M NaCl (conditions are the same as described for Figure 

1, left, of the manuscript). After 0 h, 6 h and 24 h, 100 

µl of the reaction solution was mixed with 5 µl of 1% EDTA 

solution (for removal of CuII) and injected into the HPLC 

system. Intensity of the sharp DNA peak at about 16 min 

retention time is not significantly decreased after 24 

hours. The broad peak at about 19 min retention time 

origins from other components of the reaction mixture. 
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Figure S6. Dependence of the rate of DCFH to DCF oxidation 

on the phen/Cu ratio 

 

Dependence of the rate of DCFH to DCF oxidation on the 

phen/Cu ratio, monitored by initial (dt = 2 min) increase 

of DCF fluorescence with time. 

Reaction solutions contain 0.5 µM CuSO4, indicated 

equivalents of phen, DCFH (10 µM); cysteamine (100 µM), 

MOPS buffer (10 mM) at pH 7.0, and 0.1 M NaCl. Data 

indicate that a 2:1 phen/Cu complex is catalytically 

active. At a 1:1 phen/Cu ratio, the 1:1 complex (logK = 

9.2) is expected to be formed exclusively if Cu is in the 

+II oxidation state. Therefore, the 1:1 complex might also 

have a significant catalytic activity. 

Both the 2:1 and 1:1 species have been suggested as active 

catalysts in substrate oxidations by O2 or H2O2 in the 

presence of reducing agents [Sigman et al., J. Am. Chem. 

Soc. 1980, 102, 5421-5423 and Meunier et al., Nucl. Acids 

Res. 2005, 33, 5371-5379]. 
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Preparation of the reaction solutions for kinetic studies 

 

DCFH-diacetate (Calbiochem) was dissolved in abs. ethanol 

(10-3 M), 30 µl of this solution were added to 120 µl of 

0.01 N NaOH and incubated 30 min at room temperature in the 

dark. pH was adjusted to 7 by addition of 150 µl MOPS 

buffer (50 mM). Phen, DCFH and cysteamine were pipetted 

into the fluorescence cell, followed by the complementary 

or mismatch DNA. Fluorescence spectra were taken with a 

CARY Eclipse fluorescence spectrophotometer (Varian) in 

ultra-micro-cells of Quartz (Hellma). Initial (dt = 10 min) 

increase of fluorescence with time was linear. All 

solutions (except CuSO4 and DNA) were treated with Chelex 

100 (Sigma) before, in order to remove metal ion 

contaminations. 


