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SUPPLEMENTARY RESULTS 

Supplementary Table 1. Crystallographic statistics for env25 pistol ribozyme 

 

  
Crystal Native [Ir(NH3)6]3+ 

soak Mn2+ soak 
 

Data collection 24-ID-C 24-ID-C 24-ID-C 
Space group P3221                                          P3221  
Cell dimensions      

    a, b, c (Å) 56.2, 56.2, 89.3 56.5, 56.5, 88.3 56.0, 56.0, 89.5 
    α, β, γ  (º) 90, 90, 120 90, 90, 120 90, 90, 120 
  Peak  
Wavelength (Å) 0.9792 1.1052 1.7712 
Resolution (Å) 89.3-2.73  

(2.86-2.73)* 
88.3-2.68  
(2.81-2.68) 

89.5-3.27 
(3.53-3.27) 

Rpim 0.037(0.727) 0.038(0.618) 0.052 (0.589) 
I/σI 12.8 (0.9) 14.9 (1.2) 9.4 (1.1) 
Completeness (%) 99.8 (100) 99.8 (100) 95.7 (98.5) 
Redundancy 6.2 (6.7) 6.2 (6.4) 3.1 (3.2) 
    
Refinement    
Resolution (Å) 48.7-2.73 49.0-2.68 48.5-3.27 
No. reflections 4612 8819 3743 
Rwork/Rfree 0.20/0.25 0.19/0.24 0.24/0.29 
No. atoms    
     RNA 1237 1237 1237 
    Cations 3 7 2 
    Water 1 15 2 
B-factors    
    RNA 112.7 103.8 129.2 
    Cations 94.9 107.8 112.2 
    Water 103.4 85.1 83.1 
R.m.s deviations    
    Bond lengths (Å) 0.017 0.009 0.004 
    Bond angles (º) 1.45 1.04 1.07 
*Values for the highest-resolution shell are in parentheses. 
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SUPPLEMENTARY FIGURE CAPTIONS 

Supplementary Figure 1.  Long-range pairing alignments in the structure of the 

env25 pistol ribozyme. a, Representation of the continuous stacking alignment 

involving stem segments (starting from the bottom) P3, non-canonical paired segment, 

PK and P1. b, Hydrogen-bond network involving the U17-A18-A19-A20-A21-(U20)-A23 

segment and the minor groove of stem P1. c, The minor groove triple involving the 

minor groove edge of G24 and the Watson-Crick G5-C12 pair. G5 is a highly 

conserved residue in the pistol ribozyme. d, Mg2+ binding site close to, but not directly 

coordinated to, the catalytic cleavage G53-U54 site in the pistol ribozyme. e, An 

expended view of the bound Mn2+ cation-binding site at the G53-U54 cleavage site in 

the pistol ribozyme, with the Mn2+ anomalous electron density map contoured at σ 

level. Mn2+ cation is shown as a purple sphere.   

 

Supplementary Figure 2. Self-cleavage of the env25 pistol ribozyme. a, Cartoon 

presentation of the cleavage assay. b, HPLC trace of wild type (WT), and mutants c, 

A32U, and d, A32G. Cleavage analyzed at 55 µM RNA each strand; 2 mM MgCl2, 100 

mM KCl, 30 mM HEPES, pH 7.5, 23 °C. R 47-nt ribozyme, S 11-nt substrate; C1 and 

C2, 6-nt and 5-nt cleavage products. HPLC conditions: Dionex DNAPac colum (4 x 250 

mm), 80 °C, 1 mL min-1, 0–60% buffer B in 45 min. Buffer A: Tris–HCl (25 mM), urea (6 

M), pH 8.0. Buffer B: Tris–HCl (25 mM), urea (6 M), NaClO4 (0.5 M), pH 8.0. 

 

Supplementary Figure 3. NMR spectroscopic demonstration of stem P2 

formation of the env25 pistol ribozyme in solution. a, Chemical structures of 



	 4	

15N1/3-labeled U26 used. b, 1J(1H,15N) HSQC spectra of the 15N-U26 pistol complex 

showing the appearance of a correlation corresponding to substrate binding. 

 

Supporting Figure 4. NMR spectroscopic analysis of the env25 pistol ribozyme in 

solution – reference experiments. a, Chemical structure of the 13C2-labeled 

adenosine used. b, 1J(1H, 13C) HSQC spectra of a short RNA duplex with labeled A in a 

Watson-Crick base pair at varying pH values; the protonated form is in slow exchange; 

estimated pKa value as indicated. c, Exemplary 1J(1H,13C) HSQC spectra of pH-

dependent NMR experiments of a 13C2-A labeled single-stranded RNA (left), chemical 

shift changes of 13C2-A, with changes in the pH value derived from 1J(1H,13C) HSQC 

spectra (right); the line represents the least-square fit (also see reference44) estimated 

pKa values as indicated. Conditions: c(RNA) = 80 to 120 µM; 25 mM NaCl, 2 mM 

MgCl2, 15 mM sodium phosphate, H2O/D2O 9:1, 298 K. 

 

Supplementary Figure 5. Temperature dependence of the cleavage kinetics of the 

env25 pistol ribozyme. a, Chemical structure of Ap nucleoside used. b, Quantitative 

assay for rate determination at 20 °C. Exemplary fluorescence time course recorded at 

two different temperatures can be compared as shown in panel b (20 °C) and Fig. 6c 

(15 °C). 
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