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Supplementary Figure S1. Robust binding of tRNAPro ProXp-ala requires the 3′-A76 nucleotide. 
(A) Secondary structure of microhelixPro (green), ΔA76-microhelixPro (blue), and 3′pΔA76-microhe-

lixPro (orange). (B) Overlaid 1H-15N HSQC spectra of [U-15N]-ProXp-ala alone (black) and in the 

presence of microhelixPro (green), ΔA76-microhelixPro (blue), or 3′pΔA76-microhelixPro (orange); 

Boxes with dotted lines indicate spectral expansions in Figure 5B. (C) Secondary structure of Cc 

ProXp-ala (top) and summary of per residue CSPs induced in ProXp-ala by microhelixPro (green), 

∆A76-microhelixPro (blue), and 3′pΔA76-microhelixPro (orange). 

  



 

Supplementary Figure S2. Representative EMSA gels for the indicated duplexPro variants corre-

sponding to data in Figure 5 and Table 1. In each case, 81 nM annealed RNA duplex was incu-

bated with different amounts (0-114 µM) of ProXp-ala for 1 h before analysis on 16% native poly-

acrylamide gels. Due to the smeared bands, the complex formation was calculated from the dis-

appearance of the free RNA, [1- (Free/Total RNA)]. Apparent equilibrium dissociation constants, 
KD values, were obtained from fits to a hyperbolic equation using Excel Solver. Reported KD val-

ues are the average of at least three independent experiments.  

  



 

Supplementary Figure S3. NMR spectra show that poor substrate binding by K45A ProXp-ala is 
not due to a folding defect. (A) Overlaid 1H-15N HSQC spectra of [U-15N]-ProXp-ala WT (black) 

and K45A variant (red). (B) Chemical shift differences between K45A and WT ProXp-ala mapped 

with a linear color gradient from white (no CSP) to red (CSP 0.43 ppm) on the crystal structure of 

Cc ProXp-ala (PDB: 5VXB). Unassigned residues are grey. K45 and G63 are labeled blue and 

red, respectively; (C) Secondary structure of Cc ProXp-ala (top) and per residue CSP analysis of 

K45A ProXp-ala compared to WT ProXp-ala. 

  



 

Supplementary Figure S4. MinihelixPro and microhelixPro bind similarly to ProXp-ala. Overlaid 1H-
15N HSQC spectra of 100 µM [U-15N]-ProXp-ala in the presence of 100 µM microhelixPro (green) 

or minihelixPro (blue). The spectra were recorded at 25 °C. 

  



Supplementary Table 1. Sequences (shown 5′ to 3′) of the microhelix and minihelix RNA con-

structs used in this work. 

 
 

  

RNA Constructs Sequence 

microhelixPro CGGCGAGUUCGCUCGCCGACCA 

G1:C72-microhelixPro GGGCGAGUUCGCUCGCCCACCA 

△A76-microhelixPro CGGCGAGUUCGCUCGCCGACC 

3′p△A76-microhelixPro CGGCGAGUUCGCUCGCCGAC[3′pC] 

minihelixPro CGGCGAGGGAGGUUCGAAUCCUCUCUCGCCGACCA 



Supplementary Table 2. Sequences (shown 5′ to 3′) of the RNA duplex constructs used in this 

work. 

  

5′ Fragment Sequence 

5′ fragment CGGCGAGGGAGGUU[6FAM] 

3′ Fragments Sequence 

A76 (WT) AUCCUCUCUCGCCGACCA 

△A76 AUCCUCUCUCGCCGACC 

3′p△A76 AUCCUCUCUCGCCGAC[3′pC] 

A76C AUCCUCUCUCGCCGACCC 

A76G AUCCUCUCUCGCCGACCG 

A76U AUCCUCUCUCGCCGACCU 

dA76 AUCCUCUCUCGCCGACC[dA] 



Supplementary Table 3. Results of double-exponential fits of deacylation data in Figures 2 and 3. 

The kobs values plotted in Figure 3B were extracted from the fast phase, which on average repre-

sented at least 80% of the amplitude.  

Trials WT ProXp-ala and WT tRNAPro 

1 𝑦 = 87.3 × 𝑒!"#.%& + 13 × 𝑒!'."(& − 0.3 

2 𝑦 = 83.5 × 𝑒!").*& + 14.6 × 𝑒!'.#(& + 1.8 

3 𝑦 = 82.7 × 𝑒!").+& + 17.3 × 𝑒!'.%+& + 0.04 

Trials WT ProXp-ala and A73C tRNAPro 

1 𝑦 = 92.6 × 𝑒!(.%& + 7.3 × 𝑒!'.)%& + 0.2 

2 𝑦 = 85.5 × 𝑒!+.,& + 13.2 × 𝑒!'.(& + 1.2 

3 𝑦 = 92.1 × 𝑒!+.-& + 7.8 × 𝑒!'.#+& + 0.1 

Trials K50A ProXp-ala and WT tRNAPro 

1 𝑦 = 79.2 × 𝑒!(.%& + 20 × 𝑒!'."-& + 0.8 

2 𝑦 = 79.9 × 𝑒!(.#& + 19.6 × 𝑒!'."-& + 0.4 

3 𝑦 = 82.1 × 𝑒!%.+& + 17.3 × 𝑒!'."%& + 0.6 
 

 


