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Supplementary Fig. 14. Additional single-turnover experiments to validate the lack of participation of various oxidant 
species in the DNA hydrolysis reaction catalyzed by 10MD5. (a) Assays with Mn3+, which could potentially be formed by 
oxidation of Mn2+. A 20 mM stock solution of Mn(OAc)3•2H2O in ethanol was prepared. Assays were performed under the 
standard incubation conditions of 20 mM Mn2+ and 1 mM Zn2+ supplemented with Mn3+ (final ethanol concentration 5% 
v/v). The assay without any added Mn3+ but with 5% ethanol revealed a modest decrease in rate and yield due solely to the 
ethanol, which is required for Mn3+ solubility. Inclusion of Mn3+ (0.02, 0.2, or 1 mM) as well as ethanol did not enhance the 
DNA cleavage activity; in contrast, the higher tested concentrations of Mn3+ suppressed the activity. (b) Assays with H2O2 
and (NH4)2S2O8 (ammonium persulfate). No enhancement of DNA cleavage activity (e.g., increase in kobs) was observed for 
either oxidant at any tested concentration. (c) Assays (20 µL) with catalase (Sigma C9322, from bovine liver, 5000 units/mg) 
and superoxide dismutase (Sigma S7571, from bovine erythrocytes, 3000 units/mg). No suppression of DNA cleavage 
activity was observed for either enzyme at any tested concentration, or with both enzymes present. 



 Supplementary Information for Chandra, Sachdeva & Silverman, Nat. Chem. Biol. page S18 

 

 
Supplementary Fig. 15. Analysis of 10MD5 for multiple turnover. See Supplementary Methods for experimental 
procedure. Shown are the slightly different optimal deoxyribozyme binding arm lengths for each of the two tested substrate 
variants (a, 5′-32P-radiolabeled; b, internally 32P-radiolabeled). These substrates differ only in the location of the 32P 
radiolabel and the presence or absence of a 5′-phosphate; the latter presumably affects the binding energies and changes the 
precise lengths that are optimal for achieving efficient turnover. The numbers of turnovers were calculated from the % 
cleavage at the final (20 h) timepoint. No corrections were made for the <100% yield observed in the corresponding single-
turnover experiments; therefore, the indicated numbers of turnovers are lower limits. In panel b is shown determination of  
kcat and KM for 10MD5. Assays were performed with 50 nM deoxyribozyme under the standard incubation conditions (20 
mM Mn2+ and 1 mM Zn2+) except including either 450 mM or 1 M Na+, because nearly complete inhibition of cleavage 
activity was observed at >10 µM substrate with only 150 mM Na+. We attribute this to sequestration of Zn2+, noting that 10 
µM of a ca. 30-mer substrate is 0.3 mM nucleotide monomers, and the cleavage rate and yield are very sensitive to the Zn2+ 
concentration as shown in Supplementary Fig. 10. Vinit values were determined from linear fits to plots of product 
concentration versus time (0–2 h). Note that 40 turnovers were observed with 0.5% deoxyribozyme in the experiment of 
Supplementary Fig. 16. 
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Supplementary Fig. 16. Piperidine treatment of the 10MD5 deoxyribozyme to assay for nonspecific oxidative damage. 
After multiple-turnover incubation, the deoxyribozyme was separated by PAGE and treated with piperidine. No oxidative 
damage was evident, either immediately after the multiple-turnover incubation or upon subsequent piperidine treatment. A 
mixture of 0.1 pmol of 5′-32P-radiolabeled 10MD5, 0.1 pmol of internally 32P-radiolabeled DNA substrate, and 20 pmol of 
nonradiolabeled substrate was incubated in 20 µL of 70 mM HEPES, pH 7.5, 150 mM NaCl, 40 mM MgCl2, 20 mM MnCl2, 
and 1 mM ZnCl2 for 12 h. The products were separated by 8% PAGE. A small portion of the crude sample is shown in the 
“rxn” lane; the product yield was 20% with 0.5% deoxyribozyme, revealing 40 turnovers in this particular assay. The PAGE-
purified deoxyribozyme was treated with piperidine alongside a control sample for which the deoxyribozyme was incubated 
in the reaction buffer in the absence of DNA substrate and divalent metal ions. For each lane, ca. 0.025 pmol of 
deoxyribozyme was incubated in 50 µL of 10% (v/v) piperidine at 95 °C for 30 min; the sample was dried in a SpeedVac 
and analyzed by 20% PAGE. 


