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RNA structure and ligand preparation for docking 

The coordinates from the RNA complexes were retrieved from the Protein Data Bank (PDB).[1] All 

RNA structures of one type were superimposed with respect to their phosphor atoms. In each case, the 

first structure of a dataset shown in Table S2 was used as the reference. If there was more than one RNA 

structure in a PDB file due to symmetry, we chose the structure with the lowest average B-factor for 

docking. For each complex structure, the ligand was removed, as were all water molecules. Ions were 

considered as heteroatoms and included into the docking. Ligand coordinates were extracted from the 

Relibase database[2] together with the assignment of Sybyl atom types. For each ligand, hydrogens were 

added using AutoDock-Tools (ADT) 1.4.5 except for nonpolar hydrogen atoms. The ligands were 

further prepared by ADT by assigning aromatic carbon atoms and rotatable bonds. 

 

Docking engine, scoring function, and docking experiments 

For the evaluation of our approach, we used Autodock4.1.6[3] as a docking engine. As a scoring 

function, we used DrugScoreRNA.[4] Previously, the knowledge-based pair-potentials had been 

successfully applied as objective function in docking optimizations.[5] For the DrugScoreRNA potential 

grids, a grid spacing of 0.375 Å and a grid dimension of 61x61x61 Å3 was used. All DrugScoreRNA 

potential grids were centered on the geometrical center of the ligand found in the crystal/NMR structure. 

We performed three different docking experiments. I) Every ligand was docked into the bound RNA 

structure from which it had been extracted (“re-docking”). II) For each dataset, all ligands were docked 

to the apo structure (“apo-docking”). III) For each dataset, elastic potential grids computed for the apo 

structure were deformed according to RNA movements from the apo to a holo structure. Subsequently, 

each ligand was docked into the deformed grids. Since Autodock does not support irregular grids for 

docking, the deformed grids were mapped back to a regular grid using the interpolation method 

described in ref. [6]. This last docking experiment is referred to as “docking into deformed grids”. 

 

Docking parameters 

Docking was performed using the Lamarckian genetic algorithm[7] in Autodock4.1.6. Each docking 

experiment was repeated 100 times, yielding 100 docked conformations. The following parameters were 

used for docking: population size: 200; random starting position and conformation; maximal effect of 

mutation: 2 Å for translation and 50° for rotation; mutation rate: 0.02; crossover rate: 0.80; local search 

rate: 0.99; maximum number of consecutive successes or failures before a change is made to the stepsize 

of the local search:[8] 20. Docking simulations were performed with a maximum of 50.000 generations. 

The number of energy evaluations was chosen depending on the number of rotatable bonds of the 
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ligand. Up to 10 rotatable bonds, we used 3*106 evaluations; for more than 10 rotatable bonds, we used 

30*106 evaluations. Finally, docked conformations were clustered using a tolerance of 1Å rmsd. 

 

Evaluation of docking accuracy 

The docking accuracy was evaluated by calculating the rmsd between docked ligand poses and the 

experimental ligand configuration. As final docking result, the ligand pose found on the first scoring 

rank of the largest cluster generated by AutoDock was chosen. This follows the idea that native-like 

structures reside in a broader energy minimum than non-native structures.[9] This then implies that 

instead of focusing solely on the conformation of best scoring, the best-scoring structure of the largest 

cluster of structurally related solutions should be considered the most probable pose.[9-11] The results 

from re-docking, apo docking, and docking to deformed grids are given in Table S3. 
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Tables 

 

    Table S1: RNA-ligand complexes used for parameter training 

RNA type PDB code
[a]

 Reference 

16S E. coli rRNA 1BYJ, 1LC4, 1MWL, 1PBR, 1O9M, 2BE0, 2ESI, 

2ET3, 2ET4, 2ET5, 1YRJ, 2I2U 

[12-18] 

23S H. marismortui 

rRNA 

1VQ8, 1YIT, 1K9M, 1KD1, 1NJI, 1FFK [19-22] 

16S T. thermophilus 

rRNA 

1FJG, 2F4S, 2F4T, 2UUB, 1J5E [23-25] 

Aptamer RNA 1F1T, 1Q8N [26, 27] 

HIV-1 TAR RNA 1QD3, 1UUD, 1ANR [28-30] 

Diels-Alder ribozyme 1YLS, 1YKQ [31] 

Dimerization initiation 

site of HIV-1 RNA 

2FCY, 1XPE [32, 33] 

Ribosomal decoding A 

site of 16S rRNA 

2O3X, 2FQN [34, 35] 

Thi-box riboswitch 2HOJ, 2HOO [36] 
     [a] Apo structures are given in italics. These were deformed to the holo structures given in normal 

print. 
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    Table S2: RNA-ligand complexes used for evaluation of DrugScoreRNA 

RNA type PDB code (ligand)
[a]

 Rotatable bonds
[b] 

RMSD
[c]

 Cluster size
[e]

 Reference 

16S E. coli rRNA 1BYJ (ge1-ge2-ge3) 
1LC4 (toy) 
1MWL (get) 
1O9M (42d-bdg-p24-pa2) 
1PBR (idg-pa1-pa2-pa3) 
1YRJ (am2) 
2BE0 (js5) 
2BEE (js4) 
2ESI (kan) 
2ESJ (liv) 
2ET3 (lll) 
2ET4 (nmy) 
2ET5 (rio) 
2ET8 (xxx) 
2PWT (lha) 
2I2U 

6 
6 
6 

15 
9 
6 

15 
15 
6 

12 
6 
9 
6 
3 

20 
 

1.7 
1.2 
1.0 
3.0 
2.3 
3.0 
2.4 
2.2 
1.3 
3.2 
1.0 
2.5 
3.1 
3.1 
3.1 

 

65 
72 
99 
10 
13 
9 

16 
14 
43 
4 

64 
6 

21 
29 
1 

[12-18, 37, 38] 

16S T. thermophilus 
rRNA 

1FJG (scm, sry) 
2F4S (xxx) 
2F4T (ab9) 
2F4U (ab6) 
2UUB (par) 
1J5E 

2, 9[d] 
3 

13 
14 
9 

6.5, 1.3[d] 
3.1 
1.6 
3.1 
2.0 

93 / 36 
12 
22 
25 
12 

[23-25, 39, 40] 

23S H. marismortui 

rRNA 
 

1K8A (cai) 
1K9M (tyk) 
1KD1 (spr) 
1M90 (aca-pha) 
1NJI (clm) 
1VQ8 (sps) 
1YHQ (zit) 
1YI2 (erx) 
1YIJ (tel) 
1YIT (vir, vrs) 
1YJN (cly) 
1YJW (syb) 
2OTJ (13t) 
2OTL (gir) 
1FFK 

14 
13 
11 
9 
6 
8 
7 
7 

11 
1, 6[d] 

7 
10 
5 
3 

6.1 
3.0 
4.9 
9.4 
6.1 
1.6 
4.5 
4.9 
5.7 

1.3, 4.8[d] 
4.2 
5.6 
4.7 
3.8 

5 
18 
22 
30 
9 

25 
12 
18 
7 

86 / 70 
20 
24 
20 
61 

[20-22, 41, 42] 

Aptamer RNA 1F1T (ros) 
1Q8N (mgr) 

3 
5 

0.7 
0.9 

62 
100 

[26, 27] 

Diels-Alder ribozyme 1YLS (dai) 
1YKQ 

5  1.3 90 [31] 

Dimerization initiation 
site of HIV-1 RNA 

2FCX (xxx) 
2FCY (nmy) 
2FCZ (rio) 
2FD0 (liv) 
1XPE 

3 
9 
6 

12 

4.4 
4.8 
5.0 
3.9 

 

60 
8 

10 
1 

 

HIV-1 frameshift site 
RNA 

2JUK (g0b) 
1Z2J 

15 3.6 1 [43, 44] 

Ribosomal decoding 
A-site of 16S rRNA 

2G5K (am2) 
2O3V (n33) 
2O3W (par) 
2O3X (n30) 
1FYP (par) 
2FQN 

6 
8 
9 
6 
9 

4.0 
4.6 
4.9 
4.0 
3.0 

18 
11 
8 

16 
12 

[19, 34, 35, 45, 

46] 
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HIV-1 TAR RNA 1ARJ (arg) 
1LVJ (pmz) 
1QD3 (bdg-ccy-rib-idg) 
1UTS (p13) 
1UUD (p14) 
1UUI (p12) 
1ANR 

5 
5 
9 

10 
12 
7 

4.0 
3.3 
2.2 
7.0 
2.4 
6.1 

14 
52 
17 
10 
21 
12 

[28-30, 47, 48] 

Phenylalanin tRNA 1I9V (nmy) 
1EVV 
1EHZ 

9 4.3 
 

6 [49, 50] 

Thi-box riboswitch 2HOJ (tpp) 
2HOM (tps) 
2HOO (bft) 

8 
6 

12 

2.8 
2.4 
4.3 

11 
26 
5 

[36] 

       [a] The Relibase-ID[2] of the ligand is given in parenthesis. For apo structures, no ligand is specified.  
       [b] The number of ligand bonds considered rotatable in docking. 
       [c] Results for re-docking into the holo structure. Rmsd between the docking pose found on the first scoring rank of the 

largest cluster and the native solution. In Å.  
[d] Two ligands are given, see brackets in the second column. 
[e] Size of the largest cluster where the docking pose was found on the first scoring rank. 
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Table S3: Results for docking into apo and holo structures and deformed grids.[a] 

Charged 

groups 
[h]

 

RNA type PDB ID Apo
[b]

 Holo
[c]

 Def. 

mean 
[d]

 

Def. 

single 
[e]

 

Rot. 

bonds
[f] 

Resolution 
[g]

 

+ - 

16S E. coli rRNA 1BYJ 2.3 1.7 1.8 1.9 6 - 5 0 

 1LC4 4.8 1.2 1.5 1.7 6 2.5 5 0 

 1MWL 4.4 1.0 1.4 1.7 6 2.4 4 0 

 1PBR 2.8 2.3 2.5 2.9 9 - 5 0 

 2BE0 3.1 2.4 2.3 3.6 15 2.6 5 0 

 2BEE 2.8 2.2 2.9 3.0 15 2.6 6 0 

 2ESI 4.5 1.3 5.3 5.6 6 3.0 4 0 

 2ET3 4.8 1.0 1.2 1.1 6 2.8 5 0 

 2ET4 2.5 2.4 2.5 3.5 9 2.4 6 0 

16S T. thermophilus 
rRNA 

2F4T 3.9 1.6 3.9  3.8 13 3.0 5 1 

 2UUB 5.3 2.0 5.1 5.0 9 2.8 5 0 

Aptamer RNA 1F1T 1.6 0.7 0.9 0.9 3 2.8 0 0 

23S H. marismortui 
rRNA 

1VQ8 7.0 1.6 5.8 7.0 8 2.2 0 0 

 1YIT 3.9 1.3 5.1 5.1 1 2.8 0 0 

HIV-1 TAR RNA 1QD3 2.4 2.2 2.1 2.3 9 - 6 0 

 1UUD 6.3 2.4 4.5 4.6 12 - 3 0 

Thi-box riboswitch 2HOM 3.2 2.4 3.0 3.2 6 2.8 2 1 
 

[a] Rmsd between the docking pose found on the first scoring rank of the largest cluster and the native 
solution. In Å. Values ≤ 2.5 Å are depicted in bold. 
[b] Apo docking. PDB codes for the respective apo structures are given in Table S2. 
[c] Re-docking. 
[d] Docking into deformed grids using k/G = 30.0 for each structure. 
[e] Docking into deformed grids using complex-specific k/G values as depicted in Figure S1. 
[f] The number of rotatable ligand bonds considered in docking. 
[g] In Å. No resolution value is given in case of an NMR structure. 
[h] Number of positively (+) and negatively (-) charged functional groups in the ligand, assuming pH = 7 
when determining protonation states. 
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Figures 

 

 

 

Figure S1: Ratio k/G obtained during the parameterization procedure for different training runs depicted 

on the abscissa. For each RNA type (Table S1), the PDB codes of the starting RNA structures are given. 

The average value of k/G = 29.45 ± 0.19 is depicted as a red line.  
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Figure S2: Frequency distribution of grid point displacements obtained for potential grids that were 

deformed from the apo structure (PDB code: 2I2U) to the bound structure (PDB code: 2ET3) of 16S 

rRNA.  

 

 

Figure S3: Frequency distribution of grid point displacements obtained for the potential grids that were 

deformed from the apo structure (PDB code: 1FFK) to the bound structure (PDB code: 1VQ8) of 23S 

rRNA. 
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