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T-box * tRNASY Kg (UM) Iog[Ka] AH (kcal mol™) -TAS (kcal mol™)
14-182 (wt) § wt 0.209 +0.025 6.68 299 21.0
14-158 (wt) § wt 0.194 +0.055 6.72 412 322
14-113 (wt) || wt 0.150 £ 0.018 6.82 -25.1 15.9
14-113del_kturn 9 wt 0.097 + 0.008 7.01 236 14.2
A29-30 (A42-43) wt 1.84 +0.42 574 27.0 19.3
G43U (G55U) wt 168 +0.16 5.78 -39.7 31.9
C44U (C56U) wt 820+29 5.08 453 385
C44A (C56A) wt 0.307 +0.038 6.51 -30.7 21.9
C44G (C56G) wt 34+23 5.47 421 34.7
A42GIA46G (A54G/A58G) wt 9.0+2.1 5.05 -30.0 232
G56U (G68U) wt 46+0.44 5.34 320 24.8
G56A (G68A) wt 0.406 + 0.060 6.39 332 246
G59U (G71U) wt 0.538 +0.12 6.27 -45.4 36.9
G59A (G71A) wt 1.69 +0.30 5.77 -43.0 352
AB1U (A73U) wt 0.125 +0.019 6.90 -35.4 26.1
U58G/AB2G (U70G/ATAG) wt 126+83 4.90 282 216
G63C (G75C) wt 8.7 £0.84 5.06 -30.0 232
C44G/G63C (C56GIG75C) wt 19+15 5.72 -39.8 322
C44AIG63A (C56AIG75A) wt 0.433 +0.31 6.36 320 235
G87U (G99U) tC36A 76+42 5.12 172 10.4
A90C (A102C) wt 0.641 +0.167 6.19 269 18.6
A90G (A102G) wt 0.070 +0.012 7.15 315 21.9
14-113 (wt) tA37U 0.125 +0.018 6.90 -35.4 26.1
14-113 (wt) 3GAAA#  0.083+0.016 7.08 318 223




Crystal | Crystal Il Crystal lll Crystals I-1I-111

Data collection
Space group C222, C222, C222, C222,
Cell dimensions

a, b, c (A) 100.3, 108.4, 266.8 99.1, 107.5, 266.1 100.3,108.3, 267.8 100.0, 108.1, 266.9

a By (°) 90, 90, 90 90, 90, 90 90, 90, 90 90, 90, 90
Resolution (A) 28.42-3.20 (3.31-3.20)* 133.1-3.87 (4.08-3.87) 133.9-3.76 (3.97-3.76) 134-3.43 (3.61-3.43)
Rmerge (%) 6.2 (104.8) 6.2 (67.1) 6.7 (59.5) 10.8 (82.8)
<[>/<o(l)> 11.1 (1.5) 14.3 (2.2) 14.2 (2.3) 23.7 (2.3)
Completeness (%) 98.9 (98.8) 99.8 (99.7) 99.4 (99.2) 99.3 (96.0)
Redundancy 6.1(6.2) 4.8 (4.8) 4.8 (4.7) 12.8 (6.2)
Refinement

Resolution (A)

No. reflections

Rwork/ Rfree (%)

No. atoms
RNA
Protein
lon
Water

Mean B-factors (A%)
RNA
Protein
Ligand/ion
Water

R.m.s. deviations
Bond lengths (A)
Bond angles (°)

28.42-3.20 (3.31-3.20)
24325 (2369)

19.6 (33.6) /25.2 (38.2)
8742

7586

1048

86

22

128.0

118.7

192.7

176.4

64.2

0.001
0.37
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Supplementary Discussion
Organization of the interdigitated T-loop motif.

The interface with tRNA (layer 1) is formed by C44 (position 3 of T-loop 1), A56 (position -2 of
T-loop 2) and G63 (position +1 of T-loop 2). Two base triples (layers 3 and 4) form the core of
the domain. In these layers, nucleotides at positions 1 and 5 of the two T-loops close each
pentaloop through non-Watson-Crick base pairs (Hoogsteen-Hoogsteen A42¢A46 in T-loop 1;
WC-Hoogsteen U58¢A62 in T-loop 2), while a conserved guanine (G43 or G59) at position 2 of
the other T-loop forms a base triple with the 15 closing pair using its sugar edge. This exposes
the Hoogsteen face of the position 2 guanine to solvent, available for coordination by divalent
cations. Substitution of either closing pair with a G*G pair is strongly destabilizing, reducing
tRNA binding by ~2 orders of magnitude (A42G/A46G and U58G/A62G, Fig. 2e). Similarly,
removal of the sugar edge exocyclic amine by substituting guanines with adenines at position 2,
either completely or strongly abrogated tRNA binding (G43A of T-loop 1 and G59A of T-loop 2,
respectively, Fig. 2e). Equivalent substitutions of T-loop 1 consistently produce larger tRNA
binding defects than those of T-loop 2, presumably reflecting the proximity of T-loop 1 to the
tRNA interface. Unlike RNase P' and the ribosome®, the T-box uses a base triple on layer 1 to
stack on the tRNA elbow. A Watson-Crick pair (C44¢G63) stacks on tG19 while A56
(phylogenetically most commonly a guanine, as in the B. subtilis glyQS stem I, Extended Data
Fig. 1) stacks on tC56. This arrangement results in a displaced, energetically near-optimal
stacking conformation (Fig. 2c) rather than the energetically less favorable "sandwich"
arrangement™. Watson-Crick pairing at the base triple is not obligatory for effective stacking of
stem I with the tRNA elbow, as the double substitution C44A/G63A only produced a less than 3-
fold effect (Fig. 2e). Reversing the GC pair through a C44G/G63C substitution, however, led to
a larger defect (13-fold, Fig. 2e). This could indicate that this double substitution places G44 in
unfavorable "sandwich" stacking with tG19, and leave C63 unstacked from tG19 (Fig. 2c).
Substituting pyrimidines for either of the two purines of the base triple (G56U or G63C) causes
significant defects in tRNA binding whereas a transition mutation (G56A) is well tolerated.
These findings are in good agreement with the cocrystal structure and the phylogenetic
prevalence of purines at the distal base triple (Fig. 2e, Extended Data Fig. 1).
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