
SUPPLEMENTARY TEXT

An additional base-specific effect revealed by Monte Carlo analysis
In addition to position 76, nucleotide 94 shows a nucleotide-specific rate effect at 10 mM Mg2+ that widens at 1 mM Mg2+.  Nucleotide 94 seems to be not so much a case where one nucleotide succeeded as a case where another failed; notably, though, the disfavored nucleotide was not the parental one.  G94 was slightly but not significantly under-represented among successful isolates; its disadvantage only became clear in kinetic assays, where in which G94 isolates performed somewhat more poorly than did U94 isolates at 10 mM Mg2+ (0.49 ± 0.36 min-1 vs. 1.52 ± 0.55 min-1; Bonferroni-adjusted p < 0.031) and much more poorly than did either U94 or A94 isolates at 1 mM Mg2+ (0.01 ± 0.01 min-1, 0.13 ± 0.11 min-1, 0.11 ± 0.09 min-1, respectively; Bonferroni-adjusted p < 0.028 for the G–U comparison and 0.035 for the G–A comparison).  Thus, U94 isolates slowed by just 12-fold on average, and A94 isolates by 14-fold, at 1 mM vs. 10 mM Mg2+; by contrast, the nearly 40-fold drop in rate constant for G94 isolates is exactly on par with the drop seen in the parent ligase.  Given that the parent ligase itself bears a uracil at this position, its steep metal dependence must be due to some other cause; indeed, for the G94 isolates to slow at low Mg2+ by only as much as the parent, they must have acquired some other mutation(s) that can compensate for the cost of G94.  With only a subset of the 35 clones to examine, however, we lacked the statistical power to identify that beneficial change. 

Interactions predicted by interference mapping and structural analysis

At a number of positions showing significant interference effects in both ligases, the crystal structure predicts interactions with other atoms that are not probed by the interference maps presented.  High backgrounds prevented the quantification of interference effects at the very 5' and 3' ends of either ligase; within those bounds, we have probed only the pro-Rp oxygens, the 2'-hydroxyl groups, and the N1 atoms of adenosines and N3 atoms of cytosines.  Thus, we predict but cannot confirm that the 2'-deoxy interference at position 12 reflects disruption of a hydrogen bond to an ordered water molecule that coordinates a bound metal; the 2'-deoxy interference at position 75, disruption of a hydrogen bond to the 3' oxygen of position 34; the 2'-deoxy interference at position 113, disruption of hydrogen bonds to the imine (N1) and exocyclic amine (N6) groups of A3; and the 2'-deoxy interference at position 114, disruption of hydrogen bonds to the pro-Rp oxygen of A4 and to another metal-bound water.

Supplementary Figure S1.  In vitro selection scheme.  Ligase variants were incubated with a biotinylated substrate (B), and those ribozymes that ligated themselves to substrate were separated using streptavidin-coated paramagnetic beads.  Reverse transcription and PCR regenerated dsDNA, and further PCR steps (corrective PCR) changed the substrate sequence into a functional T7 RNA polymerase promoter.  The resulting DNA was transcribed to generate the RNA pool for the next round of selection.  The first round was performed as shown, and furhter rounds were modified slightly as detailed in Materials and Methods.  The stringency of the ligation step was increased with each successive round by decreasing pH and/or reaction time.

