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Table S1. Predicted protein structures obtained using I-TASSER with benchmark setting
that exclude homologous templates with greater than 30% sequence identity. Protein
sequences less than 300 amino acids are obtained from the Astex list. Their Ca-RMSD
and I-TASSER confidence scores are listed.

No. PDB Residues RMSD C-score*
1 ItowA 131 1.20 1.47
2 11pzB 234 1.69 0.32
3 1tz8A 114 1.69 1.04
4 1g9vA 141 1.72 1.23
5 Ir55A 203 1.90 1.32
6 1hg2A 158 2.18 1.15
7 loweA 245 2.44 0.98
8 IqlgA 243 2.51 -0.16
9 Itt1A 251 2.53 0.82
10 1ke5A 298 2.54 0.76
11 loytH 257 2.60 0.85
12 1p62B 241 2.64 -0.04
13 ljjeA 220 2.77 1.08
14 2bm2A 242 3.16 0.85
15 lygcH 254 3.18 0.30
16 1s3vA 186 3.22 0.93
17 1k3uA 268 3.34 1.07
18 lulcA 253 3.35 0.47
19 lunlA 292 3.41 0.40

20 1vOpA 286 3.68 0.56
21 Iw2gA 208 3.73 1.25
22 IsqnA 251 4.02 -0.20
23 2br1 A 271 4.10 -1.74
24 Im2zA 255 4.12 0.03
25 Is19A 253 4.14 0.45
26 lialA 192 4.41 0.65
27 1v48A 283 4.51 -0.33
28 lu4dA 273 4.53 0.41
29 In46A 251 4.60 0.27
30 IgkcA 163 4.63 -0.60
31 1z95A 246 5.15 0.06

32 1kzkA 99 5.52 0.61



33 1sj0A 245 6.21 0.85

34 lig3A 254 6.30 1.01
35 lhnnA 261 6.39 -1.14
36 InavA 263 6.45 -0.40
37 lhvyA 288 7.24 0.02
38 2bsmA 208 8.76 0.38
39 1sg0A 230 9.41 0.01
40 lIrhA 160 10.96 -0.52

Avg. 229.3 4.17 0.41

*C-score is a confidence score from I-TASSER predictions that ranges from -5 to 2



Table S2. Representative structures used for force constants optimization without Ca
positional restraint. Ca -RMSD (A) of the model structures from their respective
experimental structures are shown for both the protein and their ligand-binding sites
(LBS). Improved cases with lower RMSD are highlighted in bold.

Initial Models  Refined 1.0Fc Refined 0.5Fc Refined 0.1Fc
PDB  Protein LBS Protein LBS Protein LBS Protein LBS

ItowA  1.20 0.87 126 071 119 0.78 1.29 1.03
1govA  1.72 138 216 0.65 2.60 0.66 248 1.04

Ir55A 1.90 088 354 038 470 041 3.54 0.59

lhq2A  2.18 2.01 2.12 036 2.06 047 1.98 0.77
2bm2A  3.16 302 454 041 391 0.61 471 1.63
lygeH  3.18 280 374 039 361 0.63 3.54 1.17

Is19A  4.14 1.96 431 053 451 096 496 1.37
IgkcA  4.63 2.51 514 036 519 051 590 1.31
1z95A  5.15 1.32 478 027 500 041 494 0.67

Average 3.03 1.86  3.51 041 364 0.60 3.70 1.06




Table S3. Representative structures used for force constants optimization with a Ca
positional restraint force constant of 0.5 kcal/(mol-A%). Ca -RMSD (A) of the model
structures from their respective experimental structures are shown for both the protein
and the ligand-binding sites (LBS). Improved cases with lower RMSD are highlighted in
bold.

Initial Models Refined 1.5Fc Refined 1.0Fc Refined 0.5Fc¢
PDB Protein LBS Protein LBS Protein LBS Protein LBS

ltowA 1.20 087 1.09 066 1.08 0.71 096 0.69
1g9vA .72 138 124 034 127 040 147 0.60

Ir55A 190 088 1.8 028 1.8 037 183 037

lhq2A  2.18 2.01 1.66 041 1.62 053 1.68 0.77
2bm2A  3.16 3.02 292 048 3.01 055 3.01 096
lygcH 3.18 280 3.03 036 3.00 053 3.02 045

Is19A 414 196 4.06 0.67 4.04 070 4.11 1.03
lgkcA  4.63 251 444 028 445 056 450 0.69
1z95A 515 132 4.67 033 463 035 4.65 037

Average 3.03 186 277 042 2.78 0.52 2.80 0.66




Table S4. Overview of refinement targets from 40 targets with bound ligands. Ligands
were docked to the initial unrefined structures using AutoDock Vina. Group 1 (1-5),
group 2 (6-21), group 3 (22-32), and group 4 (33-40). Ligand RMSDs relative to the
experimental structures are shown. Improved cases with lower RMSD are highlighted in
bold.

LBS RMSD (A) Protein RMSD (A) Ligand RMSD (A)
No PDB Init. Ref. Cont. Init. Ref. Cont. Init. Ref. Cont.

ltowA  0.87 0.34 1.93 1.20 095 142 373 410 5.57
llpzB 0.73 0.51 0.93 1.69 1.66 1.65 6.60 7.59 8.60
1tz8A 0.50  0.49 0.52 1.9 1.61 170 3.17 135 342
1g9vA  1.38 0.58 1.84 .72 151 195 695 594 6.13
Ir55A (.88 0.71 0.54 190 181 1.8 342 516 527

Group 1 avg. 0.87  0.53 1.15 1.64 151 1.71 477 483 580

6  1hq2A  2.01 1.35 2.00 218 1.80 221 6.17 6.52 645
7 loweA 144  0.62 1.54 244 226 246 841 874 9.22
8
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IqlgA  1.16 1.37 1.45 251 243 259 332 367 534

1tt1A 1.07 0.50 1.24 253 232 232 264 3.09 235
10 1keSA  1.15 0.87 0.74 254 241 239 451 358 1.50
11 ToytH  3.04  0.52 3.58 260 230 263 741 6.81 9.07
12 1p62B  1.70 1.42 1.90 264 251 258 250 235 6.87
13 ljjeA 242 238 2.87 277 266 281 525 521 530
14 2bm2A  3.02 1.32 3.14 3.16 3.01 328 832 5.60 9.76
15 lygeH 280  0.64 2.99 3.18  3.08 324 654 6.28 1231
16 1s3vA 170  0.68 1.96 322 3.09 323 724 6.68 7.02
17 1k3uA 580  0.50 5.52 334 2,00 321 3.65 459 753
18 lulcA  5.08 3.38 4.76 335 310 331 276 245 1.73
19 lunlA 1.27 0.94 2.30 341 339 345 448 6.69 8.13
20 IvOpA  1.94 1.40 1.94 3.68 3.64 378 7.50 832 947
21 Iw2gA  1.54  0.96 2.19 373 380 390 491 414 5.76

Group 2avg.  2.32  1.18 251 296 274 296 535 530 6.74

22 IsqnA  0.95 0.91 0.97 402 403 399 651 631 6.52
23 2brlA 1.11 0.91 0.99 410 4.06 4.04 583 588 599
24 1m2zA 142 1.39 1.63 412 4.04 414 721 5.65 7.02
25 Is19A  1.96 0.74 1.97 414 409 412 313 287 311
26 lialA 1.81 1.54 2.20 441 433 446 6.19 6.00 6.29
27  1v48A  3.52 1.06 2.97 451 433 459 658 594 6.60
28 lu4dA  1.29 0.85 1.42 453 446 458 581 4.78 6.8l
29 1nd6A  1.62 1.21 1.20 460 455 467 382 507 353
30 1gkcA  2.51 1.32 3.14 463 444 476 6.09 5.87 8.3l



31 1z295A 1.32 1.10 1.20 515 465 459 492 420 3.67
32 1kzkA  7.83 1.90 8.32 552 372 5.63 736 1230 14.05

Group 3avg.  2.30  1.18 2.36 452 425 451 577 590 6.54

33 1sj0A 3.13 1.73 3.01 621 589 620 210 0.83 1.23
34 lig3A 1.86  2.01 1.49 630 5.62 5.64 380 19.60 22.76
35  lhnnA 552 5.44 5.75 639 637 642 484 621 579
36 lnavA  1.92 1.51 2.15 645 6.05 6.11 737 434 3.06
37 lhvyA  8.07 7.80 8.12 724 722 726 6.14 11.40 20.96
38 2bsmA 397  2.60 4.06 876 8.68 889 595 6.63 6.52
39 Isg0A  1.27 1.10 1.38 941 945 944 561 818 9.27
40 lirhA 7.58 7.77 7.49 10.96 1097 11.10 3.15 359 2.87

Group 4 avg. 417  3.75 4.18 7.72 753 7.63 487 7.60 9.06
Total avg. 250  1.61 2.63 417 396 4.16 530 586 7.03

*Cont. = simulations without distance restraints and with positional restraints.

Using initial unrefined structures with bound crystal ligands, we ran the same restrained
MD simulations for all 40 targets. The overall results, in terms of structure refinements,
show similar values as observed in the main text, refinement without bound ligand. The
average improvement is 0.89-A, a slight worse result than observed in the refinement
without bound ligand, which has 0.90-A average improvement. Although, one might
expect that the docked ligand should improve structure refinement, most of the docked
ligands have high ligand RMSDs relative to the crystal structures (average 5.30 A) that
do not help local structure refinement (Table S4).

The bound ligands have 50-ns simulation time to adjust their binding poses. Although,
some ligands manage to slightly improve their binding poses, most ligands stay in similar
binding modes as compared to their initial structures. A few ligands that are bound in
opened and shallow binding sites, end up leaving the binding site during the simulation
time. They are shown in model 32, 34, 37 and 15. A lot of the improvements in the ligand
RMSD are not significant, because the initial docked ligands have incorrect positioning
of ligand moieties in the binding site. For example, in model 11, the ligand is incorrectly
docked with its benzamidine moiety in the place its fluorobenzyl group when compared
to the crystal structure (Figure S4A). During the simulation the ligand does not undergo
major conformational change to correct this binding mode. As a result, the ligand RMSD
stays about the same (from 7.41 to 6.81 A). Overall, we observe that most ligands have
very limited space to move in buried binding sites during the short simulation time.
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Figure S1. Protein Ca- RMSD values comparing initial unrefined and refined model
structures against the experimental structures. The structures are separated into 4 groups
based on their initial unrefined protein model RMSD relative to the experimental
structures: group 1 (1-2 A, red), group 2 (2-4 A, green), group 3 (4-6 A, blue), and group
4 (>6 A, purple). The average improvement for protein Co. RMSD is 0.21 A. This shows
that a targeted protein structure refinement that focuses on protein ligand-binding site can
consistently improve the overall protein structure.
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Figure S2. Aligned structures of initial unrefined models (yellow) and refined models
(green) on the crystal structures (light blue). The backbones of ligand-binding site
residues are shown in sticks. I- is the initial unrefined structure RMSD and R- is the
refined structure RMSD relative to the crystal structure. Structures discussed in the text
are shown, (A) Model 11- thrombin (PDB loyt). (B) Model 15- serine protease factor VII
(PDB 1ygc). (C) Model 40- auxin-binding protein (PDB 1lrh). (D) Model 37-
thymidylate synthase (PDB 1hvy).
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Figure S3. Ligand-binding site Coo RMSD improvements as a function of template

coverage of binding site residues. Successful refinements are observed consistently with
templates that have greater than 60% binding site residues coverage.
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Figure S4. Ligand binding modes obtained from docking are compared to the crystal
structures (light blue). Ligand poses docked to the initial unrefined structures (yellow)
and to the refined structure (green). I- is the initial unrefined structure ligand RMSD, and
R- refers to refined structure ligand RMSD. Ligands discussed in the text are shown, (A)
model 11- thrombin (PDB 1loyt). (B) Model 14- human beta2 tryptase (PDB 2bm2). (C)
Model 23- serine/threonine protein kinase chkl (PDB 2brl). (D) Model 32- HIV protease
(PDB 1kzk)



