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Details of Experimental Procedures 

 
Synthesis of the Tetrahymena group I intron ribozyme with two attached DNA strands 
To prepare the L–21 ScaI ribozyme form of the Tetrahymena group I intron, the ScaI-digested pT7L–21 
plasmid was used as a transcription template for T7 RNA polymerase.1 The transcription product was 
purified by 6% PAGE. The 16 nt DNA constraint sequences were as follows: strand 1, 
5′-GGAAGAGAGTGCGACC-3′; strand 2, 5′-GGGTCGCACTCTCTTC-3′ (the 15 nt following each 
5′-G are complementary to the analogous 15 nt of the other strand, thereby forming a 15 bp duplex). 
Strand 1 was attached at A146 or A192 of the intron, and strand 2 was attached at A97, A286, or A308. 
For the A97-A308 ribozyme, strand 1 was attached at A97, and strand 2 was attached at A308. When 
noncomplementary strands were attached to the ribozyme, strand 1 was placed at both sites. 

The 9FQ4 deoxyribozyme was used to attach DNA to the ribozyme. For initial analytical-scale assays, 
the reported procedure was followed as described,2 with inclusion of 100 equivalents of disruptor 
oligonucleotide relative to the RNA substrate when appropriate. The DNA strands were 5′-adenylated as 
described.3 Sequences of the 9FQ4 deoxyribozymes and disruptor oligonucleotides are provided in a 
section below. 

For preparative-scale synthesis of the doubly DNA-modified ribozyme, the left-hand (L) ribozyme 
substrate was the limiting reagent relative to each 9FQ4 deoxyribozyme (E), disruptor (D), and right-hand 
(R) 5′-adenylated DNA substrate. A 34 µL sample containing 100 pmol of L, 110 pmol of each E, 400 
pmol of each D, and 150 pmol of each R was annealed in 5 mM HEPES, pH 7.5, 15 mM NaCl, and 0.1 
mM EDTA by heating at 95 °C for 3 min and cooling on ice for 5 min. When the two attached DNA 
strands were complementary, each deoxyribozyme was separately annealed to the corresponding DNA 
while the ribozyme was annealed to the appropriate disruptors, and the three separate annealing samples 
were mixed immediately after cooling on ice. The sample was adjusted to final concentrations of 50 mM 
CHES, pH 9.0, 150 mM NaCl, and 2 mM KCl by addition of 10 µL of an appropriate stock solution. The 
ligation reactions were initiated by addition of 6 µL of 1 M MgCl2 (final Mg2+ concentration of 120 mM; 
final total volume of 50 µL). The sample was incubated at 37 °C for 2 h and quenched with 50 µL of stop 
solution (80% formamide, 1× TBE [89 mM each Tris and boric acid and 2 mM EDTA, pH 8.3], 50 mM 
EDTA, 0.025% bromophenol blue, 0.025% xylene cyanol). The products were separated by 6% PAGE 
and visualized by UV shadowing; the desired product was extracted and ethanol-precipitated. The isolated 
yield of the doubly DNA-modified ribozyme was ~10 pmol (~10%). 

 
Ribozyme catalytic cleavage assays 
Each cleavage reaction was performed under single-turnover conditions, with 11 nt RNA oligonucleotide 
cleavage substrate 5′-32P-CCCUCUAAAAA-3′ as the limiting reagent. A 7.8 µL sample containing 5 
pmol of ribozyme and 10 pmol of inhibitor oligonucleotide was annealed in 100 mM HEPES, pH 7.2 with 
NaOH, and 100 mM NaCl (or, when appropriate, 50 mM MES, pH 6.0 with NaOH and without added 
NaCl) by heating at 95 °C for 3 min and cooling at room temperature (23 °C) for 10 min. The sample was 
brought to 50 °C, and 0.7 µL (100 pmol) of removal oligonucleotide was added. The sample was 
incubated at 50 °C for 15 min, and 1.2 µL of 100 mM MgCl2 (final Mg2+ concentration of 10 mM) as well 
as 1.2 µL of 10 mM GTP (final GTP concentration of 1 mM) were added. The sample was incubated at 
50 °C for 15 min, and 0.7 µL of either water or free complementary oligonucleotide (10 pmol; strand 1) 
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was added. The sample was incubated at 50 °C for 30 min and 30 °C for 5 min. The cleavage reaction was 
initiated at 30 °C by addition of 0.4 µL (0.2 pmol) of RNA substrate (final substrate concentration of 17 
nM; final total volume of 12 µL). Aliquots of 1–2 µL were removed, quenched onto 8 µL of stop solution, 
and stored on dry ice until analysis by 20% PAGE. Sequences of the inhibitor and removal 
oligonucleotides are provided in a section below. Equivalent results were obtained when the order of 
addition of removal oligonucleotide and Mg2+/GTP was switched. 
 
 
Sequences of 9FQ4 deoxyribozymes 
Each deoxyribozyme sequence is listed alongside the ribozyme nucleotide attachment site and the DNA 
constraint strand number (1 or 2). For each sequence, the two enzyme loops A and B are in boldface, and 
the P4 region is underlined.2 
 
A146 (strand 1) 5′-GGTCGCACTCTCCCGTAAGGCAAGGGCTCCCCGGCTCGGTTCCGAGACTTGGT-3′ 
A159 (strand 1) 5′-GGTCGCACTCTCCCGTAAGGCAAGGGCCCATCGGCTCGGTTCCCAAAGTTTCCCC-3′ 
A192 (strand 1) 5′-GGTCGCACTCTCCCGTAAGGCAAGGGCGTCCGGGCTCGGACCCCAGCTTATTACC-3′ 
A97 (strand 1) 5′-GGTCGCACTCTCCCGTAAGGCAAGGGCGACGGGGCTCGGACCCCTTGCCTTTTAAACCG-3′ 
A97 (strand 2) 5′-GAAGAGAGTGCGCCGTAAGGCAAGGGCGACGGGGCTCGGACCCCTTGCCTTTTAAACCG-3′ 
A269 (strand 2) 5′-GAAGAGAGTGCGCCGTAAGGCAAGGGCGACATGGCTCGGACCCTAGTCTGTGAACTGC-3′ 
A286 (strand 2) 5′-GAAGAGAGTGCGCCGTAAGGCAAGGGCATACAGGCTCGGACCCCTTCCCCGACCG-3′ 
A308 (strand 2) 5′-GAAGAGAGTGCGCCGTAAGGCAAGGGCCCGACGGCTCGGACCCATATCTTATGAGAAG-3′ 
A324 (strand 2) 5′-GAAGAGAGTGCGCCGTAAGGCAAGGGCCCCATGGCTCGGACCCAAGGAGAGGTCCGAC -3′ 
A330 (strand 2) 5′-GAAGAGAGTGCGCCGTAAGGCAAGGGCCTAGCGGCTCGGACCCCCCATTAAGGAGAGG-3′ 
 
 
Sequences of disruptor oligonucleotides used with the 9FQ4 deoxyribozymes 
Each disruptor sequence is listed alongside the ribozyme nucleotide attachment site and the nucleotide 
range where the disruptor binds. In many cases, one or two strategic mutations (underlined) were made to 
disfavor unproductive binding of the disruptor to the deoxyribozyme.4 
 
A146 (A152–A206) 5′-TAGGACCATGTCCGTCAGCTTATTACCATACCCTTTGCAAGGCCATCTCAAAGTT-3′ 
A159 (A104–G147) 5′-CTGAGACTTGGTACTGAACGGCTGTTGACCCCTTTCCCGCAATT-3′ 
A192 (A105–C260) 5′-GTTTCCCCTGAGACTTGGTACTGAACGGCTGTTGACCCCTTTCCCGCAATT-3′ 
A97 (A28–U80) 5′-ATGCAATCTATTGGCTTACAGACTAGCTACCAGGTGCATGCCTGATAACTTTT-3′ 
A269 (U287–U326) 5′-ATTAAGGAGAGGTCCGAATATATCTTATGAGAAGAATACA-3′ 
A286 (U292–U326) 5′-ATTAAGGAGAGGTCCGACTATATCTTATGAGCAGA-3′ 
A308 (A248–U292) 5′-AATACATCTCCCCCGACCGACATTTAATCTGTGAACTGCATCCAT-3′ 
A324 (A248–U292) 5′-AATACATCTCCCCCGACCGACATTTAATCTGTGAACTGCATCCAT-3′ 
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Sequences of inhibitor and removal oligonucleotides 
The two successful inhibitors oligonucleotides and their corresponding removal oligonucleotides are listed 
below, along with the six unsuccessful inhibitor oligonucleotides. In each case, the nucleotide range where 
the inhibitor binds is indicated; the 20 nt 3′-tail (boldface) is not complementary to any part of the 
ribozyme. Because certain regions in the ribozyme have internal secondary structure, portions of the 
removal oligonucleotides are directly complementary to the ribozyme. We therefore incorporated a small 
number of ribozyme-inhibitor Watson-Crick mismatches, where the ribozyme-removal interaction would 
also be weakened. The mutations to introduce these mismatches are underlined in the sequences below. 
The mutation at the 5′-terminus of the A161-C197 inhibitor sequence was inadvertent. 
 
C102–G141 inhibitor 5′-CTTGGTACTTAACGGCTGTTGACCCCTTTCCTGCAATTCCCAGGTGAAGGCCGCTCTCCA-3′ 
Removal oligonucleotide 5′-TGGAGAGCGGCCTTCACCTGGGAATTGCAGGAAAGGGGTCAACAGCCGTTAAGTACCAAG-3′ 
 

A161–C197 inhibitor 5′-CTCCGTTAGCTTATTACCATACCCTTTGCAAGGCCATCAGGTGAAGGCCGCTCTCCA-3′ 
Removal oligonucleotide 5′-TGGAGAGCGGCCTTCACCTGATGGCCTTGCAAAGGGTATGGTAATAAGCTAACGGAG-3′ 
 
A161–G180 inhibitor 5′-CATACCCTTTGCAAGGCCATCAGGTGAAGGCCGCTCTCCA-3′ 
G200–C229 inhibitor 5′-GACTTAGGACTTGGCTGTGTGGTTAGGACCCAGGTGAAGGCCGCTCTCCA-3′ 
A113–G141 inhibitor 5′-CTTGGTACTTAACGGCTGTTGACCCCTTTCAGGTGAAGGCCGCTCTCCA-3′ 
G181–C197 inhibitor 5′-GTCCGTTAGCTTATTACCAGGTGAAGGCCGCTCTCCA-3′ 
U177–A210 inhibitor 5′-TGGTTAGGACCATGTCCGTTAGCTTATTACCATACAGGTGAAGGCCGCTCTCCA-3′ 
A263–G282 inhibitor 5′-CCCCGATCGACATTTATTCTCAGGTGAAGGCCGCTCTCCA-3′ 
 
 
 
Secondary structure of the 388 nt L–21 ScaI ribozyme form of the Tetrahymena group I intron RNA 
 

 
Figure S1. Secondary structure of the 388 nt L–21 ScaI ribozyme form of the Tetrahymena group I intron RNA,1,5 
colored as shown in Fig. 2 (3D structure shown again on the right side of this figure to facilitate comparison). 
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Suppression of catalysis with DNA constraints at A146-A97, A146-A286, or A146-A308 at pH 6.0 
 

 
Figure S2. Suppression of group I intron ribozyme catalysis by DNA constraints at A146-A97, A146-A286, or 
A146-A308 (single-turnover substrate cleavage assays, 50 mM MES, pH 6.0, 10 mM Mg2+, and 1 mM GTP at 
30 °C). 
 
Suppression of catalysis with DNA constraints at A192-A97, A192-A286, A192-A308, or A97-A308 
 

 
Figure S3. Suppression of group I intron ribozyme catalysis by DNA constraints at A192-A97, A192-A286, A192-
A308, or A97-A308 (single-turnover substrate cleavage assays, 100 mM HEPES, pH 7.2, 10 mM Mg2+, 100 mM 
NaCl, and 1 mM GTP at 30 °C). 
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