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Figure SM1. O2 requirement for ascorbate consumption for those complexes found to function 
aerobically in the absence of H2O2.  Starting reactants included 1 mM ascorbate and 10 µM metal-
chelate complex in prepared mixtures of anaerobic (degassed/Ar purged) buffer and aerobic buffer: 
100% aerobic (as made), 15% aerobic (by mixing aerobic and anaerobic buffers to a 15:85 ratio within 
an Ar-purged vial), or ~ 0% aerobic.  Rates of ascorbate consumption generally decreased as a higher 
percentage of purged/degassed buffer was used, consistent with the proposed O2-dependent mechanisms 
proposed for these metal complexes. 
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Figure SM2.  (A) Sample trace for metal-chelate mediated multiple turnover ascorbate consumption 
monitored by UV/Vis absorbance.  Reactions contained 10 µM Fe(II)-triazacyclononane (or other 
metal-chelates), 1 mM H2O2, and 1 mM ascorbate in 20 mM HEPES, 100 mM NaCl, pH 7.4 on a clear 
96-well plate.  Initial rates of ascorbate consumption were determined after monitoring the 
disappearance of ascorbate at 300 nm.  The absorbance from 1 mM ascorbate was ~ 0.68 and from 
background absorbance was ~ 0.40.  The extinction coefficients for ascorbate and M-chelates at 300 nM 
are ~ 590 M-1cm-1 and 0 – 4,900 M-1cm-1, respectively (the highest extinction coefficient at 300 nm of 
4,900 M-1cm-1 was observed for Fe-EDTA).  Since the concentration of M-chelates used was 100-fold 
lower than that of ascorbate, the absorbance of 10 µM M-chelate was always less than 10% of the initial 
absorbance of 1 mM ascorbate.  Also, the relatively low absorbance of each M-chelate does not change 
appreciably during each experiment, especially during steady state turnover, and therefore does not 
affect the measured slope that occurs as a result of ascorbate consumption.  (B) Wavelength scans for 1 
mM ascorbate and 10 µM Fe-EDTA, which had the highest extinction coefficient at 300 nM among the 
M-chelates tested, demonstrating the suitability of the ascorbate and M-chelate concentrations used in 
the ascorbate consumption assay (300 nm is indicated by the dashed line).  Wavelength scans were 
performed in a quartz cuvette with 1 cm pathlength. 

200 250 300 350 400
0.0

0.2

0.4

0.6

0.8

1.0
 10 µM Fe-EDTA

 1 mM ascorbate

R
e
la

ti
v
e
 A

b
s
o
rb

a
n
c
e

Wavelength (nm)

A         B 



 S4 

0 50 100 150 200 250 300 350

0

20

40

60

80

100

120

140

160

 None

 Fe-EDTA

 Co-EDTA

 Ni-EDTA

 Cu-EDTA

F
l 
In

t 
@

 4
3

5
 n

m

Time (min)

 
Figure SM3.  Sample trace for metal-chelate mediated radical generation monitored by real-time 
fluorescence of TEMPO-9-AC.  Reactions contained 10 µM Fe-EDTA (or other metal-chelates), 10 µM 
TEMPO-9-AC, and 1 mM H2O2 in 20 mM HEPES, 100 mM NaCl, pH 7.4 on a black 96-well plate.  
Steady-state rates of TEMPO reaction with diffusible radicals were determined after monitoring 
TEMPO fluorescence at 435 nm.  The emission intensity from unreacted TEMPO was ~ 25 units, and 
for completely reacted TEMPO was ~ 160 units. 
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Figure SM4.  Sample trace for metal-chelate mediated hydroxyl radical generation monitored by 
rhodamine B absorbance.  Reactions contained 1 µM Fe(II)-EDTA (or other metal-chelates), 10 µM 
rhodamine B, 1 mM H2O2, and 1 mM ascorbate in 20 mM Na2HPO4, pH 7.4 on a clear 96-well plate.  
Relative absorbance was monitored at 555 nm and the absorbance from unreacted rhodamine B was ~ 
0.74. 
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Figure SM5.  Summary of initial rates for reaction of rhodamine B with each metal-chelate/O2 (front) 
and metal-chelate/H2O2 (rear) combination. 
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Figure SM6.  Representative voltammogram for square wave voltammetry experiments, by which the 
reduction potentials of metal-chelates (Fe-DOTA shown here) were determined.  Each reduction 
potential was determined by fitting to the Gaussian equation (6) and was later converted from potential 
vs. Ag/AgCl to vs. NHE.  Square wave voltammetry experiments were conducted in an anaerobic 
solution of 20 mM HEPES, 100 mM NaCl, pH 7.4 at an ambient temperature of ~ 25 ºC. 
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Figure SM7.  Structures and pathways for reaction of, (A) TEMPO-9-AC with hydroxyl radical, (B) 
TEMPO-9-AC with superoxide,2,3 and (C) rhodamine B (figure adapted from Mishra et. al. (2010)).4 
Hydroxyl radical and superoxide radical each react with the nitroxide radical, which quenches the 
fluorescence of TEMPO-9-AC.  Following reaction, the fluorescence of TEMPO is restored.5  Limited 
information is available regarding the mechanism of rhodamine B degradation by hydroxyl radical, 
although the most likely pathways are aromatic ring opening or de-ethylation. 
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complex 
knick for DNA nicking 

(min
-1

) 

klin for DNA linearization  

(min
-1

) 

Fe 0.05 ± 0.01 −−
a 

Co −−
a 0.0009 ± 0.0001 

Ni −−
a 0.0004 ± 0.0001 

Cu 0.25 ± 0.05 0.073 ± 0.004 

Co-Cyclam −−
a −−

a 
Ni-Cyclam −−

a 0.0012 ± 0.0001 
Cu-Cyclam 0.053 ± 0.004 0.0008 ± 0.0002 

Co-Cyclen 0.017 ± 0.003 −−
a 

Ni-Cyclen −−
a −−

a 
Cu-Cyclen 0.014 ± 0.004 0.0007 ± 0.0001 

Fe-DOTA −−
a 0.0008 ± 0.0001 

Co-DOTA −−
a 0.0005 ± 0.0001 

Ni-DOTA 0.030 ± 0.007 0.0029 ± 0.0008 
Cu-DOTA −−

a 0.0013 ± 0.0001 

Fe-DTPA −−
a 0.0012 ± 0.0001 

Co-DTPA −−
a −−

a 
Ni-DTPA −−

a −−
a 

Cu-DTPA −−
a −−

a 

Fe-EDTA 0.044 ± 0.009 0.0005 ± 0.0001 
Co-EDTA 0.08 ± 0.02 −−

a 
Ni-EDTA 0.037 ± 0.002 −−

a 
Cu-EDTA 0.032 ± 0.003 −−

a 

Co-GGH −−
a −−

a 
Ni-GGH −−

a −−
a 

Cu-GGH 0.06 ± 0.01 0.0012 ± 0.0002 

Co-KGHK 0.014 ± 0.002 0.0042 ± 0.0008 
Ni-KGHK −−

a −−
a 

Cu-KGHK 0.055 ± 0.008 0.00054 ± 0.00004 

Fe-NTA 0.05 ± 0.01 0.0008 ± 0.0002 
Co-NTA 0.1 ± 0.1 0.005 ± 0.003 
Ni-NTA −−

a < 0.009 
Cu-NTA 0.148 ± 0.007 0.0032 ± 0.0004 

Fe-TACN 0.012 ± 0.006 0.0008 ± 0.0007 
Co-TACN −−

a −−
a 

Ni-TACN −−
a −−

a 
Cu-TACN −−

a −−
a 

Background 0.006 ± 0.001 0.00024 ± 0.00003 

 
Table SM1.  Summary of observed first-order rate constants (kobs) for consecutive DNA nicking (knick, 
rear) and subsequent linearization (klin, front) by each metal-chelate (as shown in Figure 1 of the 
manuscript).  a Below detection limit.  The limits of detection for nicking and linearization were 0.009 
and 0.00033 min-1, respectively. 
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complex 

knick for DNA 

nicking 

(min
-1

) 

ascorbate consumption 

rate for H2O2 and {O2} 

(µM/min) 

TEMPO reaction rate for H2O2 

and {O2} (µM/min) 

reduction 

potential vs. 

NHE (mV) 

redox 

couple 

Fe 0.05 ± 0.01 6.4 ± 0.1 {−−
a} −−

a {−−
a} --b 3+/2+ 

Co −−
a −−

a {−−
a} 0.0319 ± 0.0009 {−−

a} --b 3+/2+ 

Ni −−
a −−

a {−−
a} 0.0156 ± 0.0003 {−−

a} --b 2+/1+ 

Cu 0.25 ± 0.05 80 ± 10 {12.9 ± 0.2} 0.16 ± 0.01 {−−
a} 1361 2+/1+ 

Co-Cyclam −−
a −−

a {−−
a} 0.0175 ± 0.0002 {−−

a} 61c 3+/2+ 

Ni-Cyclam −−
a −−

a {−−
a} −−

a {−−
a} -275c 2+/1+ 

Cu-Cyclam 0.053 ± 0.004 −−
a {−−

a} −−
a {−−

a} 163c 2+/1+ 

Co-Cyclen 0.017 ± 0.003 −−
a {−−

a} −−
a {0.0124 ± 0.0002} -228c 3+/2+ 

Ni-Cyclen −−
a −−

a {−−
a} −−

a {−−
a} -211c 2+/1+ 

Cu-Cyclen 0.014 ± 0.004 −−
a {−−

a} −−
a {−−

a} 280c 2+/1+ 

Fe-DOTA −−
a −−

a {−−
a} 0.0601 ± 0.0005 {−−

a} 3961 3+/2+ 

Co-DOTA −−
a −−

a {−−
a} −−

a {−−
a} 1421 3+/2+ 

Ni-DOTA 0.030 ± 0.007 −−
a {−−

a} −−
a {−−

a} -351 2+/1+ 

Cu-DOTA −−
a −−

a {−−
a} −−

a {−−
a} 1801 2+/1+ 

Fe-DTPA −−
a −−

a {−−
a} 0.0185 ± 0.0005 {−−

a} 2801 3+/2+ 

Co-DTPA −−
a −−

a {−−
a} −−

a {−−
a} 11111 3+/2+ 

Ni-DTPA −−
a −−

a {−−
a} −−

a {−−
a} --b 2+/1+ 

Cu-DTPA −−
a −−

a {−−
a} −−

a {−−
a} 1481 2+/1+ 

Fe-EDTA 0.044 ± 0.009 80 ± 10 {6.9 ± 0.2} 0.078 ± 0.001 {0.0222 ± 0.0006} 3911 3+/2+ 

Co-EDTA 0.08 ± 0.02 −−
a {−−

a} 0.0185 ± 0.0003 {−−
a} 1461 3+/2+ 

Ni-EDTA 0.037 ± 0.002 −−
a {−−

a} −−
a {−−

a} 1721 2+/1+ 

Cu-EDTA 0.032 ± 0.003 −−
a {−−

a} −−
a {−−

a} 471 2+/1+ 

Co-GGH −−
a 0.5 ± 0.2 {4.9 ± 0.1} −−

a {−−
a} -1191 3+/2+ 

Ni-GGH −−
a −−

a {−−
a} −−

a {−−
a} 10001 3+/2+ 

Cu-GGH 0.06 ± 0.01 2.72 ± 0.08 {−−
a} −−

a {−−
a} 10381 3+/2+ 

Co-KGHK 0.014 ± 0.002 0.5 ± 0.2 {7.1 ± 0.2} −−
a {−−

a} -2281 3+/2+ 

Ni-KGHK −−
a −−

a {−−
a} −−

a {−−
a} 10551 3+/2+ 

Cu-KGHK 0.055 ± 0.008 −−
a {−−

a} −−
a {−−

a} 10581 3+/2+ 

Fe-NTA 0.05 ± 0.01 130 ± 20 {4.15 ± 0.04} 0.145 ± 0.002 {0.0449 ± 0.0005} 4641 3+/2+ 

Co-NTA 0.1 ± 0.1 −−
a {−−

a} 0.075 ± 0.002 {−−
a} 2741 3+/2+ 

Ni-NTA −−
a −−

a {−−
a} −−

a {−−
a} 1761 2+/1+ 

Cu-NTA 0.148 ± 0.007 0.72 ± 0.05 {3.46 ± 0.04} −−
a {−−

a} 2151 2+/1+ 

Fe-TACN 0.012 ± 0.006 17 ± 1 {5.7 ± 0.1} 25.94 ± 0.02 {0.0099 ± 0.0001} 175c 3+/2+ 

Co-TACN −−
a −−

a {−−
a} −−

a {−−
a} -362c 3+/2+ 

Ni-TACN −−
a −−

a {−−
a} −−

a {−−
a} 991c 2+/1+ 

Cu-TACN −−
a −−

a {−−
a} −−

a {−−
a} 110c 2+/1+ 

Background 0.006 ± 0.001 0.6 ± 0.6 {0.3 ± 0.1} 0.007 ± 0.003 {0.0039 ± 0.0007}   

 
Table SM2.  Summary of observed rate constants for DNA nicking reactions (knick) promoted by M-
chelates/H2O2/ascorbate, arranged by chelating ligand.  Initial rates for ascorbate consumption (with and 
without H2O2 as an added coreactant) and radical generation (again, with and without added H2O2), as 
well as the reduction potential for each M-chelate, are listed for comparison.  Redox couples are 3+/2+ 
for Fe, Co, Ni-ATCUN, and Cu-ATCUN complexes and 2+/1+ for all other Ni and Cu complexes.  a  
Below detection limit.  b  Not determined.  c  This work.  
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