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1.2 In situ DAP ac v on and ribozyme liga on experiments 
All RNA molecules were purchased from Integrated DNA Technologies. Unless otherwise noted, 
the reac on mixture (10 µM cHPz, 1 µM sub-P, 25 mM NaCl, 5 mM imidazole, 5 mM DAP, 5 mM 
MgCl2, 10 mM pH 6 MES bu er) was prepared in biological triplicates at room temperature and 
aliquoted into separate PCR tubes containing 5 µL for each mepoint to be sampled. The tubes 
were frozen at -80 °C for 30 min then moved to a Grant Low temperature bath/circulator TXF-200 
R5 set to incubate at -9 °C in 1:1 water/ethylene glycol. Reactions were stopped by the addi
of 20 µL of RNA loading dye (0.5 mM EDTA in formamide, bromophenol blue) directly to frozen 
samples and allowing them to thaw while gently mixing. The samples were either stored at -80 °C 
or directly analyzed by urea-PAGE.  
 
1.2.1 A nal ribozyme experiments – RNA concatena n 
 

 
The reac on mixture (25 mM NaCl, 5 mM imidazole, 5 mM DAP, 5 mM MgCl2, 10 mM pH 6 MES 
bu er) containing RNA oligomers[1] listed in Table 1 was prepared at room temperature and 
aliquoted into separate PCR tubes containing 10 µL for each mepoint to be sampled. 
Subsequent steps are iden cal to those described in 1.2, with the excep  of the volume of 
added RNA loading dye (40 µL).  
RNAse R was used to test for circular concatemers in the reac on product. First, a sample of the 

al reac  mixture was puri ed using a Monarch RNA Cleanup Kit (NEB) and eluted in water. 
The sample was digested with RNAse R (20 U per 10 uL sample), 0.02 M Tris-HCl (pH 8.0), 0.1 M 
KCl, and 0.1 mM MgCl2 for 80 minutes at 37°C. The reac n was quenched by hea ng to 65°C 
for two minutes, then the addi on of loading bu er (20 µL per 5 µL sample). Samples were 
directly analyzed by urea-PAGE. 
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4. General scheme of electrophore c band 
 

 
 

Figure S17. The modi ed hairpin ribozyme cHPz accepts only a cyclic 2’,3’-phosphate substrate 
(sub>P) for its cataly c ac vity. (a) Secondary structure of cHPz_m, an inac ve variant of cHPz. 
The mutated bases that abolish its cataly  ac vity are indicate  in red. b) TBE-urea PA E 
analysis of liga n ac vity of cHPz_m. The reac on mixture (1 µM sub-P or sub>P, 10 µM cHPz_m, 
25 mM NaCl, 10 mM pH 8.6 Tris· C  bu er) were incubated under eutec c ice condi ns for 4 
days. The substrates sub-P and sub>P were 5’ tagged with a uorescein deriva ve to aid in the 
anal sis. (c) TBE-urea PAGE analysis liga on ac vity of cHPz. Uncropped version of gel shown in 
Figure 2b. 
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Figure S22. The DAP-mediated forma on of 2’,3’-cyclic phosphate RNA and its subsequent liga on 
occur subop ally with imidazole analogues. A) Time course analysis of in situ a va n and 
liga on reac  performed at a range of di erent pH values and 5 mM 2-methylimidazole. B) pH 
dependency of the maximum liga on yield using the best- t parameters from A. Error bars 
indicate the 95% con dence intervals of each t parameter. C) Time-course analysis of in situ 
ac va n and liga  reac ons performed under a range of pH and 5 mM 2-amimoimidazole. 
D) pH dependency of the maximum liga on yield using the best-fit parameters from C. Error bars 
indicate the 95% con dence intervals of each t parameter. Reac n mixtures (1 µM sub-P, 10 
µM cHPz, 5 mM DAP, 5 mM MgCl2, 25 mM NaCl and 10 mM of either glycine·HCl (pH 3), MES (pH 
5-7), Tris·HCl (pH 9), or carbonate/bicarbonate (pH 11) bu ers were analyzed by TBE-urea PAGE. 
All me traces were ed using equa on 1. 
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Figure S26. DAP-mediated assembly of RNA polymerase ribozyme 7 (RPR7) from <30 nt 
oligomers (a, b) and of concatemers (c, d). (a) Simpli ed schema c of RPR7 assembly. Adapted 
from Mutschler et al. (2015).[1] (b) Time course analysis via unstained TBE-urea PAGE of reac on 
mixtures containing seven 2’/3’-monophophorylated fragments of RPR7, 25 mM NaCl, 5 mM 
imidazole, 5 mM DAP, 5 mM MgCl2, and 10 mM pH 6 MES bu er. Fragment concentra s ranged 
fr (fragment 1, tagged with uorophore) t M (fragment 7). The frozen rea s 
were subjected to incuba n at -9 °C then to freeze-thaw cycling condi ons a er 14 days. (c,d) 
Alterna ve visualisa on of data presented in Figure 4bc. B is tagged with a uorophore. Time 
course analysis via unstained TBE-urea PAGE. We note that the RNA ladder displays lower 
electrophore c mobility, presumably due to di erent salt concentra ns in the loading bu er 
and / or conjugated uorophores. (e) RNAse R diges on analysis via SYBR Gold-stained TBE-urea 
PAGE of concatena on samples reveals absence of circularized products. 
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