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Modified Base Sequence Kd SEM P value

SMA control UGUACAAU 12.7 1.28

SMA v1 UGU-ms2m6A-CAAU 54.6 7.086 0.0066

SMA v2 UGU-ms2A-CAAU 44.87 10.550 0.0498

4SU UGUA-s4U-AAU 31.03 5.99 0.4591

5MC UGUA-m5C-AAU 13.86 0.8021 0.9999

6IA site 6 UGUAC-i 6A-AU 25.54 3.101 0.8862

6IA site 7 UGUACA-i6A-U 13.480 1.362 0.9999

dhm5C control UGUA-dhm5C-AAU 22.16 0.9615

dhm5C UGUA-dC-AAU 18.220 2.958 0.2741

 Summary Statistics of hPUM1 modified RNA binding vs. Control

Modified Base Sequence Kd SEM P value

SMA control UGUACAAU 6.691 0.9001

SMA v1 UGU-ms2m6A-CAAU 15.11 1.328 0.017

SMA v2 UGU-ms2A-CAAU 20.17 1.448 0.0002

4SU UGUA-s4U-AAU 10.79 1.003 0.4427

5MC UGUA-m5C-AAU 9.768 0.4845 0.7204

6IA site 6 UGUAC-i 6A-AU 16.01 2.804 0.0077

6IA site 7 UGUACA-i6A-U 9.721 1.408 0.7331

dhm5C control UGUA-dhm5C-AAU 10.23 2.012

dhm5C UGUA-dC-AAU 10.320 2.621 0.9807

 Summary Statistics of hPUM2 modified RNA binding vs. Control

Figure S1
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Sequence Abs. ∆G σ Abs. ∆G σ Abs. ∆G σ CHARMM AMBER
UGUACAUC -11.573 0.654 -10.971 0.651 -10.675 0.269 -0.898 -0.296
UGUAAAUC -11.333 0.178 -10.989 0.206 -10.800 0.369 -0.533 -0.189
UGUAUAUC -11.170 0.179 -11.078 0.165 -10.931 0.270 -0.239 -0.147
UGUACCUC -8.139 0.282 -7.602 0.297 -9.132 0.472 0.993 1.530
UGUACGUC -7.814 0.166 -9.707 0.264 -8.882 0.826 1.068 -0.825
UGUACUUC -7.536 0.394 -7.290 0.338 -9.027 0.601 1.491 1.737
UGUACAAC -10.484 0.178 -9.808 0.159 -9.485 0.339 -0.999 -0.323
UGUACACC -10.885 0.202 -10.545 0.237 -9.325 0.446 -1.560 -1.220
UGUACAGC -9.948 0.173 -10.885 0.264 -11.421 0.269 1.473 0.536
UGUAUAUA -13.550 0.953 -13.415 0.991 -13.233 0.358 -0.316 -0.182
AGUAUAUA -12.458 0.120 -11.100 0.154 -10.484 0.407 -1.974 -0.616
CGUAUAUA -12.651 0.102 -10.689 0.255 -10.960 0.238 -1.691 0.271
GGUAUAUA -11.930 0.233 -10.402 0.456 -10.160 0.254 -1.770 -0.242
UAUAUAUA -10.375 0.147 -11.224 0.166 -11.627 0.461 1.252 0.403
UCUAUAUA -9.640 0.215 -10.880 0.193 -10.456 0.200 0.816 -0.424
UUUAUAUA -10.570 0.182 -10.805 0.237 -10.717 0.312 0.147 -0.088
UGCAUAUA -13.009 0.115 -10.729 0.094 -11.041 0.253 -1.968 0.312
UGUCUAUA -11.122 0.438 -12.115 0.138 -11.731 0.198 0.609 -0.384
UGUGUAUA -11.454 0.307 -11.572 0.119 -12.193 0.222 0.739 0.621
UGUUUAUA -10.831 0.136 -11.486 0.249 -11.830 0.197 0.999 0.344
UGUAAAUA -13.528 0.208 -13.699 0.281 -13.510 0.157 -0.018 -0.189
UGUACAUA -12.605 0.160 -12.799 0.127 -13.287 0.198 0.682 0.488
UGUAUCUA -10.913 0.091 -10.993 0.071 -11.550 0.206 0.637 0.557
UGUAUGUA -10.772 0.141 -12.323 0.164 -11.702 0.203 0.930 -0.621
UGUAUUUA -11.415 0.235 -11.247 0.139 -11.778 0.215 0.363 0.531
UGUAUAAA -12.601 0.107 -13.026 0.178 -12.113 0.195 -0.488 -0.913
UGUAUACA -12.588 0.115 -12.993 0.067 -11.105 0.195 -1.483 -1.888
UGUAUAUC -11.108 0.139 -11.896 0.174 -11.936 0.206 0.828 0.040
UGUAUAUG -11.437 0.189 -11.015 0.220 -12.062 0.205 0.625 1.047
UGUAUAUU -11.468 0.155 -11.608 0.133 -12.545 0.211 1.077 0.937

CHARMM Amber
MUE 0.956 0.597

RMSE 1.090 0.760
Pearson R 0.686 0.837

CHARMM36m (kcal/mol)
hP

UM
1

hP
UM

2
Experiment (kcal/mol) Error (kcal/mol)Amber ff14SB (kcal/mol)

Table S1
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Modification Patch Name Site 1 (U) Site 2 (G) Site 3 (U) Site 4 (A)
A ADE 0.440 ± 0.196 1.598 ± 0.378 1.572 ± 0.300 0.095 ± 0.210

m2A 2MA 1.632 ± 0.159 n.s. ± n.s. 2.782 ± 0.233 0.910 ± 0.133
m6A 6MA n.s. ± n.s. n.s. ± n.s. n.s. ± n.s. 1.628 ± 0.198
m6

2A M6A n.s. ± n.s. n.s. ± n.s. n.s. ± n.s. n.s. ± n.s.
m8A 8MA 1.469 ± 0.343 n.s. ± n.s. 1.428 ± 0.230 -0.328 ± 0.284
m1I 1MI 0.052 ± 0.211 4.224 ± 0.307 1.868 ± 0.213 1.346 ± 0.257

I INO 0.392 ± 0.076 n.s. ± n.s. 0.370 ± 0.650 1.375 ± 0.293
ms 2m6A SMA 0.595 ± 0.113 2.072 ± 0.325 n.s. ± n.s. -2.946 ± 0.243

ac 6A 6AA -0.262 ± 0.214 5.934 ± 0.577 1.559 ± 0.188 0.236 ± 0.308
i 6A 6IA n.s. ± 0.109 3.582 ± 0.180 n.s. ± n.s. 0.741 ± 0.308

ms 2 i 6A MIA n.s. ± 0.154 0.928 ± 0.266 5.283 ± 0.478 -3.108 ± 0.234
ms 2 io6A SIA n.s. ± n.s. n.s. ± n.s. n.s. ± n.s. -3.167 ± 0.276

io6A HIA n.s. ± 0.119 4.327 ± 0.310 0.802 ± 2.624 0.699 ± 0.466
G GUA 1.985 ± 0.182 -0.162 ± 0.444 1.996 ± 0.334 3.270 ± 0.126

m1G 1MG 1.197 ± 0.162 4.207 ± 0.083 3.076 ± 0.286 -0.067 ± 0.200
m2G 2MG 1.443 ± 0.170 -0.303 ± 0.213 4.199 ± 0.126 0.402 ± 0.305
m2

2G M2G 1.313 ± 0.138 2.691 ± 0.213 3.505 ± 0.204 0.068 ± 0.329
preQ0 DCG 1.492 ± 0.136 0.526 ± 0.653 3.044 ± 0.245 0.773 ± 0.263
imG-14 DWG 1.495 ± 0.451 7.847 ± 2.012 1.322 ± 0.348 1.754 ± 0.263

imG IMG 1.328 ± 0.400 9.875 ± 0.295 3.301 ± 0.330 0.204 ± 0.262
imG2 IWG 1.745 ± 0.185 8.200 ± 2.351 1.173 ± 0.312 1.758 ± 0.244
mimG MWG 2.371 ± 0.351 n.s. ± n.s. 3.461 ± 0.258 1.031 ± 0.238

U URA 0.081 ± 0.335 1.400 ± 0.129 0.021 ± 0.373 2.052 ± 0.192
D H2U 1.425 ± 0.136 n.s. ± n.s. 0.196 ± 0.218 3.069 ± 0.145

mo5U MOU -0.822 ± 0.940 n.s. ± n.s. 0.229 ± 0.194 1.195 ± 0.241
m5s 2U 52U 0.530 ± 0.637 n.s. ± n.s. 1.708 ± 0.383 1.458 ± 0.298
m5D MDU 1.352 ± 0.270 n.s. ± n.s. 0.158 ± 0.240 3.130 ± 0.217
Ψ PSU 0.559 ± 0.327 4.499 ± 0.226 0.674 ± 0.154 2.542 ± 0.180

m3Ψ 3MP 1.401 ± 0.056 4.920 ± 0.119 1.305 ± 0.157 2.169 ± 0.141
m3U 3MU 0.868 ± 0.044 3.642 ± 0.153 0.740 ± 0.061 0.525 ± 0.126
s 4U 4SU 0.933 ± 0.239 2.848 ± 0.554 1.436 ± 0.299 1.795 ± 0.168
m5U 5MU -0.213 ± 0.153 2.703 ± 0.131 0.499 ± 0.260 1.897 ± 0.171
ho5U 5HU -0.712 ± 0.140 2.683 ± 0.239 0.316 ± 0.177 1.023 ± 0.270
s 2U 2SU 0.356 ± 0.460 2.359 ± 0.213 1.448 ± 0.266 1.643 ± 0.292
m1Ψ 1MP 0.509 ± 0.166 3.165 ± 0.340 2.582 ± 0.359 2.089 ± 0.150

cnm5U CYU -0.457 ± 0.166 n.s. ± n.s. -0.358 ± 0.381 0.227 ± 0.175
mcm5s 2U 70U 0.769 ± 0.190 n.s. ± n.s. 1.160 ± 0.205 -0.238 ± 0.503
mchm5U CMU -1.053 ± 0.126 3.857 ± 0.278 -0.013 ± 0.139 0.586 ± 0.167
ncm5U BCU -0.767 ± 0.129 3.668 ± 0.203 0.040 ± 0.100 0.470 ± 0.128
mcm5U OCU -0.694 ± 0.164 3.637 ± 0.252 -0.641 ± 0.281 1.363 ± 0.359

mcmo5U OEU -0.758 ± 0.142 2.427 ± 0.271 0.246 ± 0.358 1.789 ± 0.697
C CYT 1.139 ± 0.125 2.194 ± 0.192 1.002 ± 0.186 1.595 ± 0.205

m5C 5MC -0.045 ± 0.073 4.564 ± 0.082 1.693 ± 0.075 -0.202 ± 0.095

Table S2: Relative binding free energies (∆∆G kcal/mol) for hPUM1 RNA modification screening.

Table S2-1
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ac 4C 4AC n.s. ± n.s. n.s. ± n.s. n.s. ± n.s. n.s. ± n.s.
m4C 4MC 0.041 ± 0.094 4.703 ± 0.187 1.645 ± 0.200 0.296 ± 0.121
f 5C 5FC 0.147 ± 0.077 3.654 ± 0.204 1.904 ± 0.151 -0.647 ± 0.157

hm5C HMC -0.210 ± 0.088 4.588 ± 0.083 1.999 ± 0.171 1.336 ± 0.217
s2C 2SC 1.527 ± 0.301 2.593 ± 0.310 1.057 ± 0.247 2.074 ± 0.088

"Patch Name" = 3-letter name assigned by Xu et al. (2016), n.s. = not specified due to poor sampling
Modifications with ∆∆G ≤ -0.7 kcal/mol in bold italics.

* The Site 8 screen used a UGUAUAUA oligo (PDB ID: 3q0n) whereas sites 1-7 used UGUACAUC (PDB ID: 3q0p)

Table S2-2
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Site 5 (C) Site 6 (A) Site 7 (U) Site 8 (A*)
0.240 ± 0.178 0.055 ± 0.187 1.089 ± 0.178 0.029 ± 0.211
1.108 ± 0.215 1.361 ± 0.263 2.541 ± 0.522 0.660 ± 0.207
0.997 ± 0.182 2.440 ± 0.175 n.s. ± n.s. 2.307 ± 0.217

n.s. ± n.s. n.s. ± n.s. n.s. ± n.s. n.s. ± n.s.
2.029 ± 0.141 2.420 ± 0.328 0.280 ± 0.125 2.284 ± 0.324
1.520 ± 0.148 2.597 ± 0.385 1.460 ± 0.421 2.921 ± 0.154
1.170 ± 0.204 3.165 ± 0.229 1.614 ± 0.251 3.055 ± 0.251
0.626 ± 0.252 -0.452 ± 0.663 1.811 ± 0.237 0.123 ± 0.320
1.077 ± 0.240 2.676 ± 0.350 2.075 ± 0.115 2.351 ± 0.226
0.437 ± 0.138 3.225 ± 0.169 0.761 ± 0.197 n.s. ± n.s.
1.318 ± 0.223 1.076 ± 0.265 1.339 ± 0.306 n.s. ± n.s.
1.414 ± 0.477 0.580 ± 0.247 n.s. ± n.s. n.s. ± n.s.
0.616 ± 0.192 3.512 ± 0.195 0.498 ± 0.184 n.s. ± n.s.
1.458 ± 0.150 3.759 ± 0.166 1.625 ± 0.173 4.162 ± 0.250
0.604 ± 0.107 3.638 ± 0.181 1.271 ± 0.215 2.620 ± 0.362
0.720 ± 0.229 n.s. ± n.s. 2.068 ± 0.242 3.030 ± 0.198
0.603 ± 0.184 4.197 ± 0.305 1.675 ± 0.314 2.141 ± 0.382
1.080 ± 0.183 3.268 ± 0.752 1.371 ± 0.279 2.859 ± 0.240
1.386 ± 0.752 2.924 ± 1.677 1.268 ± 0.422 2.774 ± 0.232
0.503 ± 0.306 3.440 ± 0.344 0.075 ± 0.293 1.975 ± 0.417
1.630 ± 0.596 2.881 ± 1.294 1.274 ± 0.397 2.709 ± 0.170
0.817 ± 0.590 n.s. ± n.s. 2.630 ± 0.685 0.756 ± 0.654
0.403 ± 0.179 3.521 ± 0.387 -0.015 ± 0.146 2.993 ± 0.274
0.726 ± 0.331 3.700 ± 0.161 2.304 ± 0.226 2.720 ± 0.181
0.473 ± 0.138 2.733 ± 0.272 0.267 ± 0.177 2.778 ± 0.203
0.544 ± 0.159 1.696 ± 0.803 1.120 ± 0.358 2.599 ± 0.314
0.781 ± 0.182 3.819 ± 0.196 2.511 ± 0.225 2.898 ± 0.217
0.283 ± 0.152 4.233 ± 0.215 0.899 ± 0.284 1.969 ± 0.219
0.496 ± 0.162 2.523 ± 0.223 0.727 ± 0.201 1.556 ± 0.113
-0.254 ± 0.103 1.617 ± 0.169 0.987 ± 0.148 0.923 ± 0.274
0.248 ± 0.074 4.095 ± 0.159 0.419 ± 0.254 0.947 ± 0.249
-0.117 ± 0.087 2.623 ± 0.192 -0.278 ± 0.194 3.089 ± 0.080
-0.550 ± 0.253 2.711 ± 0.099 0.400 ± 0.094 3.305 ± 0.071
-0.290 ± 0.246 3.439 ± 0.501 0.532 ± 0.118 2.479 ± 0.112
0.302 ± 0.247 3.141 ± 0.174 1.239 ± 0.197 3.422 ± 0.164
0.419 ± 0.124 2.566 ± 0.266 0.288 ± 0.118 2.183 ± 0.207
0.091 ± 0.138 1.951 ± 0.676 0.979 ± 0.398 2.296 ± 0.225
0.454 ± 0.118 2.556 ± 0.188 1.569 ± 0.095 2.760 ± 0.160
-1.669 ± 0.210 1.958 ± 0.224 0.883 ± 0.113 2.566 ± 0.153
-0.273 ± 0.110 n.s. ± n.s. 0.459 ± 0.099 2.383 ± 0.252
1.108 ± 0.351 n.s. ± n.s. 1.282 ± 0.272 2.074 ± 0.510
-0.036 ± 0.097 3.434 ± 0.282 0.688 ± 0.202 3.453 ± 0.295
-0.038 ± 0.088 2.701 ± 0.149 1.837 ± 0.099 2.298 ± 0.100

Table S2: Relative binding free energies (∆∆G kcal/mol) for hPUM1 RNA modification screening.
Table S2-3
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n.s. ± n.s. n.s. ± n.s. n.s. ± n.s. n.s. ± n.s.
0.001 ± 0.110 2.747 ± 0.103 2.059 ± 0.294 2.429 ± 0.145
-0.067 ± 0.271 2.616 ± 0.338 2.370 ± 0.140 2.025 ± 0.094
-1.054 ± 0.187 2.757 ± 0.076 2.299 ± 0.134 2.431 ± 0.142
-0.779 ± 0.121 3.259 ± 0.194 0.168 ± 0.197 2.934 ± 0.160

"Patch Name" = 3-letter name assigned by Xu et al. (2016), n.s. = not specified due to poor sampling
Modifications with ∆∆G ≤ -0.7 kcal/mol in bold italics.

* The Site 8 screen used a UGUAUAUA oligo (PDB ID: 3q0n) whereas sites 1-7 used UGUACAUC (PDB ID: 3q0p)

Table S2-4
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Sequence ∆G σ ∆G σ ∆G σ CHARMM AMBER
CCUGUAAAUA -13.402 0.235 -12.204 0.319 -12.510 0.045 -0.892 -0.306
CCΨGUAAAUA -12.976 0.094 -12.005 0.033 -12.181 0.026 -0.794 -0.176
CCUGΨAAAUA -12.223 0.132 -13.137 0.270 -12.024 0.118 -0.199 1.113
CCUGUAAAΨA -11.923 0.170 -11.978 0.166 -11.916 0.066 -0.007 0.062
CCUGUAUAUA -15.094 0.215 -14.022 0.291 -13.160 0.000 -1.934 0.862
CCUGUAUAUA -13.337 0.166 -13.303 0.151 -13.061 0.046 -0.276 0.242
CCUGUAUAUA -13.204 0.082 -12.436 0.231 -12.597 0.031 -0.608 -0.161
CCUGUAUAUA -12.651 0.110 -13.455 0.093 -12.547 0.258 -0.105 0.908
UGUACAAU -10.621 0.383 -11.356 0.360 -10.691 0.116 0.070 0.665

UGU-SMA-CAAU -13.142 0.228 -10.296 0.162 -9.897 0.203 -3.245 0.400
UGUA-4SU-AAU -10.562 0.128 -10.011 0.160 -10.231 0.302 -0.331 -0.220
UGUA-5MC-AAU -10.891 0.074 -10.706 0.134 -10.631 0.130 -0.260 0.075
UGUA-dHMC-AAU -11.125 0.197 -10.608 0.094 -10.248 0.134 -0.877 0.360
UGUAC-6IA-AU -6.767 0.099 -9.951 0.168 -10.653 0.112 3.886 -0.701
UGUACA-6IA-U -9.801 0.155 -10.715 0.151 -10.469 0.137 0.668 0.246

CHARMM Amber
MUE 0.943 0.433

RMSE 1.476 0.539
Pearson R 0.669 0.929

Error (kcal/mol)
Ψ

m
6 A

PU
M

 m
od

RN
As

Experiment (kcal/mol)CHARMM36m (kcal/mol) Amber modrna08 (kcal/mol)

Table S3
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