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Supplementary Figures 

 

 
Figure S1. Examples of changes in target-peptide interaction energy (Einter) and the peptide 

RMSD during simulations. RMSD plots changes from a starting conformation as a function of 

simulation time for (a) System 3qln produced by P1 (RMSDbest = 3.62 Å), (b) System 3o33 

produced by P5 (RMSDbest = 5.75 Å), (c) System 3o33 produced by P6 (RMSDbest = 1.64 Å), 

(d) System 3qln (RMSDbest = 7.85 Å) by P2. 



 

 

Figure S2. Correlation between RMSDstart and ΔRMSD calculated for the full ligand obtained 

by (a) P1, (b) P2, (c) P3, (d) P5, (e) P6 and calculated for the N-terminal five amino acids 

obtained by (f) P1, (g) P2, (h) P3 using the apo set. 



 

Supplementary Tables 

Table S1. List of refinement methods. 

Author (year) Methods Type Force Field Simulation protocol Benchmark 

Standalone refinement tools/protocols 

Guterres et al. 

(2020) [1] 

Simulation 

protocol 

EM + MD CGenFF 

[2], [3] 

(ligand), 

CHARMM

36m [4] 

(protein) 

(i) Input file preparation with CHARMM-GUI web server [5], [6], 

(ii) 5000 steps sd EM followed by 1 ns NVT MD in which the 

ligand is positionally restrained and the protein is fully flexible, 

(iii) 100 ns MD runs at 303.5 K and 1 bar (2 fs time-step) with no 

position restraints. The MD was repeated 3 times starting with the 

same initial structure but different initial velocity random seeds. 

Tested on 56 proteins from the DUD-E dataset [7] 

with five active and five decoy compounds for 

each protein. Focused docking was performed with 

AutoDock Vina [8]. AUC improved from 0.683 to 

0.832 upon refinement. For 33 protein-ligand 

complexes with experimentally determined 

structures, average RMSD was improved from 

5.21 Å to 4.36 Å upon refinement. 

Heo et al. 

(2016) [9], 

[10] 

GalaxyRefine EM + MD -

/CHARMM

22 [11]  

(i) A local EM followed by 1.3 ps-long MD with 4 fs time-step. (ii) 

All side-chains of the predicted binding modes were rebuilt by 

placing the highest-probability rotamers [12], (iii) Three MC steps 

were performed to repack IF residues followed by 0.6 ps-long MD 

with flexible side chains (4 fs time-step). Any residues within 8 Å 

Cɑ-Cɑ from the interacting partner considered as IF residues. The 

side-chain repacking and the MD simulation were repeated 22 

times. The simulation temperature gradually decreased from 300 

K to 50 K in the last six repetitions. The MD was performed with 

two different energy functions 16 times. The energy function 1 is 

a linear combination of CHARMM22 [11], a database-derived 

term and a harmonic restraint energy derived from the initial model 

structure. In energy function 2, the distance restraints for Cɑ-Cɑ 

and N-O atoms of IF residues had smaller weight constant and 

position restraints on all Cɑ were weaker than the function 1. (iv) 

The five lowest-energy models out of the 16 models for each 

energy function were selected and ranked according to their 

energies. 

ZDOCK [13] produced 677 models for the 

ZDOCK benchmark 4.0 [14] set (90 hetero-

complex targets) and M-ZDOCK [15] produced 

445 models for the PISA benchmark set [16] (46 

homo-complex targets). GalaxyRefineComplex 

improved the acceptable number of models by 114 

for the ZDOCK benchmark set and by 75 for the 

PISA benchmark set. 

Kapla et al. 

(2021) [17] 

Simulation 

protocol* 

EM + MD ACEMD 

[18]/CGenF

F (ligand), 

CHARMM

36m 

(protein) 

(i) The ligand parameters were prepared with Schrodinger 

Macromodel 11.3. The receptor was placed into a POPC bilayer 

and solvated with TIP3P water molecules ensuring a 20 Å distance 

between protein periodic distances. (ii) 5000 step EM followed by 

40 ns NPT MD with 2 fs time step at 1.01 bar using the Berendsen 

barostat with a pressure relaxation time of 800 fs and a 

Tested on 30 docking results of the D3 dopamine 

receptor in complex with the antagonist 

eticlopride. Docking results submitted by 25 

participants from the GPCR Dock 2010 

assessment [24] were used. In terms of top-ranked 

models (centroids of the five largest clusters) and 



 

compressibility factor of 4.57x10-5 bar -1. Harmonic restraints were 

applied on the protein backbone, the sodium ion in the 

transmembrane region, crystal water, and ligand heavy-atoms with 

1 kcal mol-1 Å-2 in the first 20 ns and then the restraints were 

decreased to -0.095 kcal mol-1 Å-2 in the next 10 ns. No restraints 

were applied in the final 10 ns. (iii) 100 ns NVT MD (4 fs time 

step) was performed. The vdw interaction cut-off was set at 9 Å. 

For long-distance electrostatics, the Particle Mesh Ewald was used 

with a grid spacing of 1 Å. The bond lengths of H atoms were kept 

constrained using the RATTLE [19] algorithm. Simulations were 

carried out at 310 K using a Langevin thermostat with a damping 

constant γ of 1 ps-1 in NPT MD and 0.1 ps-1 in NVT MD. (iv) 1500 

snapshots from trajectories of the final MD were extracted at every 

200 ps. The clustering was performed with the Encore clustering 

module of the MDAnalysis (v.0.17.0) python package [20], [21], 

[22] based on ligand heavy atom RMSD by feeding an RMSD 

distance matrix to the affinity propagation routines from SciKit 

Learn [23]. 

RMSD of the best model, a median RMSD 

improvement of -0.63 Å and -1.2 Å were observed.  

Lee et al. 

(2012) [25] 

Simulation 

protocol 

EM + MD CHARMM/

CGenFF 

(ligand), 

CHARMM

22 [11] 

(protein) 

(i) Equilibration MD in a 64 Å shell of TIP3P water molecules, (ii) 

1000 steps sd EM followed by 1000 steps EM with the adopted 

Newton−Raphson method (2 fs time-step) and the SHAKE 

parameter was turned on. (iii) 100 ps-long NVT MD with 

positional restraints on protein Cα atoms and ligand heavy atoms 

with a harmonic force constant of 1.0 kcal mol-1 Å-2, (iv) 300 ps-

long CPT MD without any restraints was performed at 1 atm and 

300 K. (iv) FEP/MD simulation was divided into 137 independent 

simulations, and each simulation was carried out in 10 cycles. Each 

cycle consisted of 10 ps equilibration and 100 ps production for 

repulsive, dispersive, and electrostatic contributions, 10 ps 

equilibration and 40 ps production for translational/rotational 

contributions, and 100 ps production for ligand conformational 

contribution. 

Tested on small-molecule antagonists of MDM2 

(4 compounds) and MDMX (1 compound). 

Focused docking was performed with AutoDock 

Vina [8]. AutoDock Vina SF was able to rank 

models with the lowest RMSD for 6 out of 10 (total 

docking results with apo and holo). Upon 

refinement, it was improved to 9 (out of 10). 



 

 

Radom et al. 

(2018) [26] 

Simulation 

protocol 

EM + MD NAMD 

[27]/CHAR

MM36 [28] 

(i) A brief EM followed by MD with 2 fs time-step. The system 

was placed in a cubic box 16 Å apart from its closest image filled 

with TIP3P water molecules. All bonds involving H atoms were 

constrained. For vdw interactions, a cutoff of 12 Å and for long-

range electrostatics, the particle mesh Ewald method was used. The 

pressure was kept constant at 1 atm using a Langevin piston, while 

Langevin dynamics with a low damping coefficient (1 ps -1) were 

used to keep the temperature constant. The MD simulations started 

at 303 K for 32 ns and temperature increased by 30 K intervals 

(390 K is the highest) and the simulations performed for 12 ns for 

each temperature 

Tested on DARPin G3 bound to domain HER2_IV 

and Efb-C bound to C3d. Docking was performed 

with RosettaDock [29] without constraints or post-

processing. The top-ranked 50 docked poses were 

selected. For the DARPin G3 bound to HER2_IV 

complex, the model with the lowest RMSD was 

successfully ranked first upon refinement while it 

was ranked at 37 by the docking tool. For the Efb-

C and C3d complex, the model with the lowest 

RMSD is ranked first successfully with the 

docking tool and the refinement. 

Rastelli et al. 

(2019) [30] 

Standalone tool EM + MD Amber/GA

FF (ligand) 

[31], Amber 

ff03 [32] 

(protein) 

(i) 2000 steps EM with a distance-dependent dielectric constant 

ε=4r and a cutoff of 12 Å and no restraints were applied, (ii) 100 

ps MD at 300 K (2 fs time-step) with no position restraints on the 

ligand and the protein is fixed. The SHAKE parameter is turned 

on. (iii) Ranking was performed according to the binding free 

energies calculated with the MM-PBSA and MM-GBSA methods 

[33], [34], [35], [36]. 

Tested on 201 known inhibitors of PFDR taken 

from the DUD database [7] seeded in 1.5 million 

lead-like compounds from the ZINC database [37]. 

Docking was performed with AutoDock [38]. The 

refinement improved EF from 5.3% to 40%. 

Schindler et al. 

(2015) [39] 

Simulation 

protocol  

EM OPLS [40] (i) A structure-based intramolecular protein FF was generated for 

each interacting partner. It consists of harmonic potentials for bond 

lengths, angles and a double-quadratic potential for steric repulsion 

between non-bonded atoms. For each atom, the steric repulsion to 

all neighboring atoms within a cutoff of 5 Å was considered. (ii) 

2500 step-EM was performed with full interface flexibility using 

the structure-based FF. The interface was determined as any 

residues within 3 Å in the interacting partners. Each minimization 

step consists of small-scale rearrangements for all atoms at the 

interface and simultaneous large-scale translational and rotational 

optimization using an efficient variable metric minimizer [41], 

[42]. (iii) the binding modes were ranked according to their 

intermolecular energies. 

Tested on 116 protein-protein complexes from 

benchmark 4.0 [14]. Rigid body docking was 

performed by ATTRACT [41], [42]. The average 

improvement of interface RMSD (all residues with 

backbone atoms within 10 Å from the protein 

partner) was -0.293 Å and a fraction of native 

contacts was improved by 0.071.  

Wang et al. 

(2019) [43] 

Simulation 

protocol 

EM + 

GaMD 

AMBER 

ff14SB [44]  

(i) 50000 steps sd EM and 50000 steps cg EM were performed. (ii) 

1 ns-long NVP MD in TIP3P water molecules where the system 

was heated from 0 to 310 K. 1 kcal/mol*Å2 harmonic position 

restraints were applied on heavy atoms of the solutes. (iii) 18 ns 

Tested on 3 peptide-protein complexes. Global 

docking was performed with ClusPro Peptidock 

web server protocol. For each system, models with 

the lowest RMSD to the experimental structure 



 

 

GaMD followed by four independent 300 ns GaMD production 

simulations were performed with randomized initial atomic 

velocities. From the final four GaMD simulations, frames were 

saved every 2 ps. (iv) Clustering was performed using the 

hierarchical agglomerative algorithm in CPPTRAJ [45]  with a 

cutoff of 3.5 Å for the peptide backbone RMSD. The 

PyReweighting toolkit [46] was applied to reweight four GaMD 

simulations and recover PMF. The 10 top-ranked clusters of 

peptide conformations with the lowest free energies were obtained. 

among the top-ranked 10 models were selected for 

refinement. Selected docked models for 

refinement had backbone RMSD of 3.3, 3.5, and 

4.8 Å, respectively. The lowest backbone RMSDs 

obtained with the refinement were 0.20, 0.22, and 

0.73 Å while the top-ranked models had backbone 

RMSDs of 0.94, 0.61, and 2.72 Å. 

Refinement methods implemented in docking tools 

Kozakov et al. 

(2017) [47] 

Implemented in 

ClusPro 

EM CHARMM 

[48] 

300 step-EM with fixed backbone, using only the vdw term - 

Lamiable et al. 

(2016) [49] 

Implemented in 

PEP-FOLD3 

MC - Prior to ranking, the predicted binding modes in the sOPEP coarse-

grained representation [50] are refined using 30000 MC steps. 

- 

Raveh et al. 

(2010) [51] 

Implemented in 

PIPER 

FlexPepDock 

MC + EM - 10 cycles of optimization were performed and each cycle consisted 

of: (i) interface side-chain conformations optimization by 

determining the best rotamer combinations, 8 cycles of MC search 

performed with a Gaussian rigid body perturbation followed by 

Davidon-Fletcher-Powell: DFP minimization [52], (ii) 

optimization of the peptide backbone, 8 cycles of MC search. 

Tested on 89 peptide-protein complexes (37 

complexes out of 89). For starting structures with 

ligand RMSD ≤ 5.5 Å from the reference, near 

native (RMSD ≤ 2 Å) models were sampled in 91 

% of the holo set and in 85% of the apo set. 

Schindler et al. 

(2015) [53] 

Implemented in 

pepATTRACT 

EM + MD OPLS for 

refinement 

with 

iATTRACT

, AMBER 

ff14SB for 

refinement 

with 

AMBER 

(i) iATTRACT refinement was performed with parameters 

specified by Schindler et al. [39] and the cutoff radius for selecting 

IF residues was set to 5 Å. (ii) Amber refinement, 500 step-EM by 

the sander program of Amber program package, (iii) two MD of 

1000 and 2500 steps at 400 K and 350 K, respectively. Position 

restraints were applied on the intramolecular distances for the 

protein (2 kcal mol-1 Å-2 force constant) and intermolecular 

distances between protein and peptide backbone atoms using a 

force constant of -0.25 kcal mol-1 Å-2 for deviations more than 10 

Å. (iv) 5000 step-EM without restraints. (v) Clustering was 

performed by the Sandar program based on the fraction of common 

residue contacts (cutoff = 0.6) and ranked according to the average 

AMBER score of their top four ranking members. 

Tested on 80 peptide-protein complexes. 

iATTRACT refinement improved the success rate 

(interface RMSD < 2 Å) by 10% (average interface 

RMSD improvement is 0.1 Å). AMBER 

refinement generated one additional successful 

docking case compared to iATTRACT (average 

interface RMSD improvement is 0.44 Å). 



 

 

Tovchigrechko 

et al. (2006) 

[54] 

Implemented in 

GRAMM-X 

EM -/AMBER Prior to ranking, a cg EM in continuous 6D rigid body space with 

soft vdw term. 

- 

Trellet et al. 

(2013) [55] 

Implemented in 

HADDOCK 

MD OPLS [40] (i) 1000 SA MD steps performed at temperatures from 2000 K to 

50 K with position restraints on all heavy atoms of the solutes (8 fs 

time steps), (ii) SA MD performed 4000 steps from 2000 K to 50 

K (4 fs time steps) with flexible side-chains at the interface [56], 

(iii) SA MD performed 1000 steps from 500 to 50 K (2 fs steps) 

with flexible interface backbone and side-chain, (iv) 500 MD steps 

at 100 K, 200 K, and 300 K with position restraints (kpos = 5 kcal 

mol-1 A-2) on all atoms except for the interface side chains 

performed (2 fs time step) in an 8 Å shell filled with TIP3P [57]. 

(v) 5000 MD steps at 300 K with position restraints only on non-

interface heavy atoms (kpos = 1 kcal mol-1 A-2). (vi) 1000 MD steps 

at 300 K, 200 K, and 100 K with the position restraints on 

backbone atoms of non-interface residues. 

Tested on 101 protein-peptide complex structures 

(62 complexes, apo dataset) [55]. A success rate 

(interface RMSD ≤ 2 Å) of rigid docking results 

improved from 54% to 72% upon refinement. For 

the apo set, the success rate was improved to 69% 

upon refinement. 

Zsidó et al. 

(2021) [58] 

Implemented in 

HydroDock* 

EM + MD GROMAC

S 

[59]/AMBE

R99SB-

ILDN [31] 

(i) The target surface water structure was predicted by MobyWat 

[60], [61] with clustering and prediction tolerances of 1 Å and 2.5 

Å, respectively, (ii) The hydrated target structure and the docked 

ligand pose were merged. The clashing water molecules were 

removed by MobyWat, (iii) sd EM and cg EM with position 

restraint on solute-heavy atoms (force constant of 1000 kJ mol-1 

nm-2) were performed in a dodecahedral box filled with TIP3P (a 

distance criterion 1 nm). The convergence thresholds were set to 

1000 and 10 kJ mol-1 nm-1 for sd and cg EM, respectively. (iv) 100 

ps-long NPT MD was performed at 300 K coupled by the velocity 

rescale algorithm [62]. The pressure was kept at 1 bar using the 

Parrinello-Rahman algorithm [63], [64] and compressibility of 

4.5×10-5 bar-1. Only backbone Cɑ atoms were position restrained 

(1000 kJ mol-1 nm-2, force constant). (v) The second round of st 

and cg EM were performed with the same settings as Step iii, 

except for the position restraints on only backbone Cɑ atoms. (vi) 

100 ns-long NPT MD was performed with the same setting as Step 

iv, except that position restraints on only Cɑ atoms of the target. 

(vii) Complex snapshots were extracted from the final MD 

The initial dry docking of amantadine, rimantadine 

and spiroadamantyl amine to the apo structure of 

influenza M2 transmembrane ion channel by 

AutoDock 4.2 [38] resulted in 3.7, 3.6 and 2.9 Å  

RMSD, respectively. Upon refinement, the 

RMSDs were improved to 1.1, 1.5 and 0.3 Å, 

respectively.  



 

 

trajectory by 0.1 ns steps. A binding mode with the lowest RMSD 

from the average ligand atomic coordinates was selected as 

representative binding mode. 

*Methods that incorporate water molecules 

vdw, van der Waals; SF, Scoring function; FF, force field; EM, Energy minimization; MD, Molecular Dynamics; IF, interface; SA, Simulated Annealing; AUC, Area under 

the curve; NPT, constant pressure; NVT, conditions of constant volume; CPT, constant pressure and temperature; FEP/MD, perturbation molecular dynamics; SD, standard 

deviation; DARPin G3, Designed Ankyrin Repeat Protein G3; HER2_IV, IV of Human Epidermal Growth Factor Receptor 2; Efb-C, Extracellular fibrinogen-binding protein; 

C3d, C3-inhibitory domain of Staphylococcus aureus; GaMD, Gaussian accelerated MD; PMF, potential of mean force; EF, enrichment factor; PFDR, plasmodium falciparum 

dihydrofolate reductase; PME, particle mesh Ewald summation



 

 

Table S2. The performance of fast docking methods and the deviation of the docked structure (from 

the experimental reference) used as a starting point for MD refinements*  

PDB ID 
RMSD (full peptide ligand) RMSD (first five amino acids) 

Mean (Å)1 SD (Å)1 RMSDstart
2 Mean (Å)1 SD (Å)1 RMSDstart

2 

1xwh 12.02 3.02 8.56 7.69 3.81 5.83 

2fui 12.91 3.59 17.75 8.56 3.41 8.74 

2gnq 5.18 2.42 8.21 5.18 2.42 8.21 

2mny 10.97 2.13 18.33 7.58 2.08 6.36 

2pv0 8.72 4.13 9.51 8.71 4.47 8.46 

3o33 10.16 4.40 27.18 8.65 6.29 13.64 

3qln 5.55 1.57 13.28 5.04 1.72 9.51 

3sox 9.45 2.49 10.32 5.88 2.95 8.78 

4ljn 8.97 3.61 15.02 6.84 3.99 5.42 

4qf2 5.66 2.41 9.99 6.10 2.96 9.99 

Mean 8.96 2.98 13.82 7.02 3.41 8.49 

SD 2.74 0.92 5.97 1.42 1.33 2.38 

Minimum 5.18 1.57 8.21 5.04 1.72 5.42 

Maximum 12.91 4.40 27.18 8.71 6.29 13.64 

*The data were extracted from [65] 
1Mean and standard deviation (SD) of RMSD were calculated from the performance of 11 fast docking tools 

(AutoDock 4.2.6, CABS-DOCK, ClusPro 2.0, GalaxyPepDock, Gramm-X, HADDOCK 2.2, HDOCK, HPEPDOCK, 

PatchDock, PEP-FOLD3, PepGrow, and PiperFlexDock) tested in [65]. 
2RMSDstart denotes the RMSD value calculated between the top-ranked ligand binding mode produced by PepGrow and 

the reference experimental structure. This top-ranked binding mode was used as a starting point in the present MD 

refinements. 

Table S3. ΔRMSD values of the full-length peptides obtained by the protocols on the test set using 

apo target structure. Raw RMSD data are listed in Table S4. 

PDB ID 
ΔRMSD (Å)* ΔRMSD (%) ** 

P1 P2 P3 P4 P5 P6 P1 P2 P3 P4 P5 P6 

1xwh 1.75 0.53 2.14 1.97 -0.08 -0.14 20.48 6.19 25.00 23.01 -0.93 -1.64 

2fui 8.71 5.04 10.7 8.92 1.83 0.53 49.09 28.39 60.28 50.25 10.31 2.99 

2gnq 1.43 -0.26 0.28 1.10 0.28 1.10 17.39 -3.17 3.41 13.40 3.41 13.40 

2mny 2.42 2.05 6.07 5.98 -0.20 -0.03 13.22 11.18 33.12 32.62 -1.09 -0.16 

2pv0 0.71 1.22 -0.24 1.11 -0.26 1.85 7.46 12.83 -2.52 11.67 -2.73 19.45 

3o33 11.15 15.72 8.58 22.77 7.89 12.00 41.02 57.84 31.57 83.77 29.03 44.15 

3qln 9.66 5.44 7.54 9.60 5.49 5.50 72.71 40.96 56.78 72.29 41.34 41.42 

3sox 2.56 2.20 3.53 0.22 3.07 2.62 24.81 21.32 34.21 2.13 29.75 25.39 

4ljn 4.93 9.56 2.92 7.18 3.49 3.68 32.8 63.65 19.44 47.80 23.24 24.50 

4qf2 3.47 1.37 2.48 3.20 2.48 3.20 34.73 13.71 24.82 32.03 24.82 32.03 

Mean 4.68 4.29 4.40 6.21 2.40 3.03 31.37 25.29 28.61 36.90 15.71 20.15 

SD 3.78 4.97 3.65 6.74 2.71 3.62 19.40 22.27 19.92 26.62 15.81 16.48 

Median 3.02 2.13 3.23 4.59 2.16 2.24 28.8 17.52 28.28 32.33 16.77 21.98 

MAD*** 1.75 1.99 2.9 3.49 2.06 1.58 11.81 11.10 7.38 18.43 13.17 14.52 

*Calculated according to Equation 2 (Methods). 

** Calculated according to Equation 3 (Methods). 

***Median Absolute Deviation values 



 

 

Table S4. Final RMSD values of the full-length peptide obtained by the protocols on the test set using 

apo target structure. 

PDB ID RMSDstart P1 P2 P3 P4 P5 P6 

1xwh 8.56 6.81 8.03 6.42 6.59 5.91 5.97 

2fui 17.75 9.04 12.71 7.05 8.83 6.91 8.21 

2gnq 8.21 6.78 8.47 7.93 7.11 7.93 7.11 

2mny 18.33 15.91 16.28 12.26 12.35 6.56 6.39 

2pv0 9.51 8.80 8.29 9.75 8.40 8.72 6.61 

3o33 27.18 16.03 11.46 18.60 4.41 5.75 1.64 

3qln 13.28 3.62 7.85 5.74 3.68 4.02 4.01 

3sox 10.32 7.76 8.12 6.79 10.10 5.71 6.16 

4ljn 15.02 10.09 5.46 12.10 7.84 1.93 1.74 

4qf2 9.99 6.52 8.62 7.51 6.79 7.51 6.79 

Mean 13.82 9.14 9.53 9.42 7.61 6.1 5.46 

SD 5.97 4.01 3.10 3.95 2.55 1.97 2.25 

Median 11.80 8.28 8.38 7.72 7.48 6.24 6.28 

MAD 3.23 1.63 0.44 1.64 1.14 0.97 0.67 

 

Table S5 The counts of improved ligand conformations after MD refinements.  

ΔRMSD (Å) P1 P2 P3 P4 P5 P6 

≥ 1.0 9 8 8 9 6 7 

0.9 - 0.1 1 1 1 1 1 1 

< 0.0 0 1 1 0 3 2 

ΔRMSD-5 (Å) 

≥ 1.0 8 5 6 6 6 7 

0.9 - 0.1 0 4 3 1 1 1 

< 0.0 2 1 1 3 3 2 

 

Table S6 ΔRMSD values of the first five amino acids of peptides obtained by the protocols on the 

test set using apo target structure. Raw RMSD-5 data are listed in Table S7.  

PDB ID 
ΔRMSD-5 (Å) ΔRMSD-5 (%) 

P1 P2 P3 P4 P5 P6 P1 P2 P3 P4 P5 P6 

1xwh -0.36 0.81 0.04 0.89 -0.08 -0.14 -6.17 13.89 0.69 15.27 -1.37 -2.40 

2fui 1.68 0.05 1.61 -0.15 1.83 0.53 19.22 0.57 18.42 -1.72 20.94 6.06 

2gnq 1.43 -0.26 0.28 1.10 0.28 1.10 17.42 -3.17 3.41 13.40 3.41 13.40 

2mny -0.42 0.49 -0.26 -0.34 -0.20 -0.03 -6.60 7.70 -4.09 -5.35 -3.14 -0.47 

2pv0 1.02 0.75 0.68 1.84 -0.26 1.85 12.06 8.87 8.04 21.75 -3.07 21.87 

3o33 5.30 5.75 2.97 8.75 7.89 12.00 38.86 42.16 21.77 64.15 57.84 87.98 

3qln 5.67 2.94 4.57 5.60 5.49 5.50 59.62 30.91 48.05 58.89 57.73 57.83 

3sox 2.90 1.21 2.00 -0.11 3.07 2.62 33.03 13.78 22.78 -1.25 34.97 29.84 

4ljn 2.70 3.30 2.76 2.63 3.49 3.68 49.82 60.89 50.92 48.52 64.39 67.90 

4qf2 3.47 1.37 2.48 3.20 2.48 3.20 34.73 13.71 24.82 32.03 24.82 32.03 

Mean 2.34 1.64 1.71 2.34 2.40 3.03 25.20 18.93 19.48 24.57 25.65 31.40 

SD 2.09 1.84 1.54 2.90 2.71 3.62 22.10 19.93 18.70 25.49 26.99 30.64 

Median 2.19 1.01 1.81 1.47 2.16 2.24 26.13 13.75 20.10 18.51 22.88 25.85 

MAD 1.23 0.74 1.15 1.60 2.06 1.58 13.40 9.61 14.37 19.99 25.10 23.06 

 



 

 

Table S7. Final RMSD values of the first five amino acids of peptides obtained by the protocols on 

the test set using apo target structure. 

PDB ID RMSDstart P1 P2 P3 P4 P5 P6 

1xwh 5.83 6.19 5.02 5.79 4.94 5.91 5.97 

2fui 8.74 7.06 8.69 7.13 8.89 6.91 8.21 

2gnq 8.21 6.78 8.47 7.93 7.11 7.93 7.11 

2mny 6.36 6.78 5.87 6.62 6.7 6.56 6.39 

2pv0 8.46 7.44 7.71 7.78 6.63 8.72 6.61 

3o33 13.64 8.34 7.89 10.67 4.89 5.75 1.64 

3qln 9.51 3.84 6.57 4.94 3.92 4.02 4.01 

3sox 8.78 5.88 7.57 6.78 8.89 5.71 6.16 

4ljn 5.42 2.72 2.13 2.66 2.79 1.93 1.74 

4qf2 9.99 6.52 8.62 7.51 6.79 7.51 6.79 

Mean 8.49 6.15 6.85 6.78 6.15 6.1 5.46 

SD 2.38 1.68 2.06 2.09 2.01 1.97 2.25 

Median 8.6 6.65 7.64 6.96 6.66 6.24 6.28 

MAD 1.15 0.61 1.02 0.9 1.75 0.98 0.67 

 

Table S8. Final iRMSD and ΔiRMSD values of the full-length peptides obtained by the protocols on 

the test set using apo target structures. 

PDB ID iRMSDstart 
method/minimum iRMSD values (Å) ΔiRMSD (Å) 

P1 P2 P3 P4 P5 P6 P1 P2 P3 P4 P5 P6 

1xwh 2.35 2.54 2.51 2.32 2.30 1.48 1.47 -0.19 -0.16 0.03 0.05 -0.23 -0.22 

2fui 9.15 4.68 6.29 2.84 4.41 2.12 2.91 4.47 2.86 6.31 4.74 1.09 0.29 

2gnq 1.59 1.48 1.71 1.47 1.45 1.47 1.45 0.11 -0.12 0.12 0.14 0.12 0.14 

2mny 6.00 5.75 5.61 4.49 3.94 1.85 1.65 0.25 0.38 1.51 2.06 -0.15 0.05 

2pv0 3.42 3.26 2.95 3.42 3.39 2.15 1.37 0.16 0.47 -0.01 0.03 0.14 0.91 

3o33 9.07 5.46 3.91 6.71 1.35 1.52 0.75 3.61 5.15 2.36 7.72 2.32 3.08 

3qln 5.07 1.05 2.58 1.48 0.98 0.88 0.88 4.02 2.49 3.59 4.09 1.57 1.57 

3sox 3.57 1.78 2.25 1.75 3.53 1.24 1.24 1.80 1.32 1.82 0.04 0.42 0.43 

4ljn 6.75 4.49 2.33 5.82 2.86 0.62 0.56 2.26 4.42 0.93 3.90 0.85 0.91 

4qf2 2.63 1.67 2.05 2.56 2.11 2.56 2.11 0.96 0.58 0.07 0.52 0.07 0.52 

Mean 4.96 3.22 3.22 3.29 2.63 1.59 1.44 1.75 1.74 1.67 2.33 0.62 0.77 

SD 2.72 1.76 1.56 1.83 1.18 0.60 0.69 1.77 1.91 2.02 2.67 0.83 0.96 

Median 4.32 2.90 2.54 2.70 2.58 1.50 1.41 1.38 0.95 1.22 1.29 0.28 0.48 

MAD 1.83 1.51 0.45 1.09 1.04 0.49 0.39 1.25 1.09 1.15 1.26 0.47 0.43 

SR (%)* 10 40 10 30 30 70 80 - - - - - - 

*SR, success rate was determined as a percentage of systems in the test set for which a near-native binding mode (i.e. 

iRMSD ≤ 2 Å) was produced. 

 

Table S9. Final iRMSD and ΔiRMSD values of the first five amino acids of peptides obtained by the 

protocols on the test set using apo target structure.  

PDB ID iRMSDstart 
method/minimum iRMSD-5 values (Å) ΔiRMSD-5 (Å) 

P1 P2 P3 P4 P5 P6 P1 P2 P3 P4 P5 P6 

1xwh 1.25 1.57 1.57 1.57 1.57 1.48 1.47 -0.32 -0.32 -0.32 -0.32 -0.23 -0.22 

2fui 3.20 3.02 2.69 1.62 3.35 2.12 2.91 0.18 0.52 1.59 -0.15 1.09 0.29 

2gnq 1.59 1.48 1.71 1.47 1.45 1.47 1.45 0.11 -0.12 0.12 0.14 0.12 0.14 

2mny 1.70 1.89 1.89 1.89 1.89 1.85 1.65 -0.19 -0.19 -0.19 -0.19 -0.15 0.05 



 

 

2pv0 2.29 2.00 2.07 2.29 2.07 2.15 1.37 0.29 0.21 0.01 0.21 0.14 0.91 

3o33 3.84 2.54 1.95 2.91 1.26 1.52 0.75 1.30 1.89 0.93 2.58 2.32 3.08 

3qln 2.45 0.91 1.43 0.94 0.91 0.88 0.88 1.55 1.02 1.51 1.54 1.57 1.57 

3sox 1.66 1.25 1.61 1.42 1.65 1.24 1.24 0.42 0.06 0.24 0.01 0.42 0.43 

4ljn 1.48 0.69 0.59 0.61 0.90 0.62 0.56 0.79 0.89 0.87 0.58 0.85 0.91 

4qf2 2.63 1.67 2.05 2.56 2.11 2.56 2.11 0.96 0.58 0.07 0.52 0.07 0.52 

Mean 2.21 1.70 1.76 1.73 1.72 1.59 1.44 0.51 0.45 0.48 0.49 0.62 0.77 

SD 0.84 0.71 0.54 0.71 0.71 0.60 0.69 0.62 0.68 0.69 0.91 0.83 0.96 

Median 2.00 1.62 1.80 1.60 1.61 1.50 1.41 0.35 0.37 0.18 0.18 0.28 0.48 

MAD 0.49 0.38 0.24 0.48 0.41 0.49 0.39 0.49 0.51 0.44 0.36 0.47 0.43 

SR (%)* 50 70 70 70 70 70 80 - - - - - - 

*SR, success rate was determined as a percentage of systems in the test set for which a near-native binding mode (i.e. 

iRMSD ≤ 2 Å) was produced. 

 

Table S10. Final bbRMSD and ΔbbRMSD values of the full-length peptides obtained by the 

protocols on the test set using apo target structure. 

PDB ID 
bbRMS

Dstart 

method/minimum bbRMSD values (Å) ΔbbRMSD (%) 

P1 P2 P3 P4 P5 P6 P1 P2 P3 P4 P5 P6 

1xwh 6.73 6.60 6.36 5.03 6.15 4.03 4.03 1.93 5.50 25.26 8.62 -4.39 -4.39 

2fui 17.89 7.48 12.18 5.36 7.41 5.21 7.17 58.24 31.92 70.04 58.58 36.97 13.09 

2gnq 5.39 4.80 5.52 4.52 4.30 5.21 4.30 10.95 -2.41 16.14 20.22 16.14 20.22 

2mny 17.75 15.60 15.47 11.93 11.62 4.69 4.48 12.11 12.85 32.79 34.54 1.88 6.28 

2pv0 8.55 8.19 7.52 9.13 8.05 7.00 4.19 4.33 12.16 -6.78 5.85 0.99 40.74 

3o33 26.83 15.60 10.43 17.92 2.82 4.35 1.12 41.86 61.16 33.21 89.49 64.83 90.95 

3qln 12.81 2.32 6.44 3.65 1.97 1.94 2.14 81.89 49.73 71.51 84.62 75.22 72.81 

3sox 8.53 4.75 5.91 4.53 8.33 3.84 3.82 44.31 30.72 46.89 2.34 36.84 37.17 

4ljn 15.54 10.75 5.05 13.11 7.22 1.21 1.09 30.82 67.57 15.70 53.54 68.83 71.95 

4qf2 8.30 4.92 6.33 6.84 5.71 6.84 5.71 40.72 23.73 17.59 31.08 17.59 31.08 

Mean 12.83 8.10 8.12 8.20 6.36 4.43 3.81 32.72 29.29 32.23 38.89 31.49 37.99 

SD 6.69 4.57 3.44 4.73 2.84 1.85 1.92 25.84 23.74 24.73 31.67 29.82 31.56 

Median 10.68 7.04 6.40 6.10 6.69 4.52 4.11 35.77 27.23 29.02 32.81 27.22 34.13 

MAD 4.41 2.27 1.00 2.02 1.50 0.77 0.99 23.07 18.39 13.10 24.98 25.78 24.44 

 

Table S11. Final bbRMSD and ΔbbRMSD values of the first five amino acids of peptides obtained 

by the protocols on the test set using apo target structure. 

PDB ID bbRMSDstart 
method/minimum bbRMSD-5 values (Å) ΔbbRMSD-5 (%) 

P1 P2 P3 P4 P5 P6 P1 P2 P3 P4 P5 P6 

1xwh 3.87 4.61 4.33 4.37 4.61 4.03 4.03 -19.12 -12.14 -13.18 -19.12 -4.39 -4.39 

2fui 8.25 5.12 6.66 3.44 8.48 5.21 7.17 37.94 19.27 58.30 -2.79 36.97 13.09 

2gnq 5.39 4.80 5.52 4.52 4.30 5.21 4.30 10.95 -2.41 16.14 20.22 16.14 20.22 

2mny 4.78 5.13 4.70 4.84 5.02 4.69 4.48 -7.32 1.67 -1.26 -5.23 1.88 6.28 

2pv0 7.07 5.99 6.57 6.68 6.06 7.00 4.19 15.13 6.93 5.52 14.29 0.99 40.74 

3o33 12.37 6.83 6.33 9.22 3.11 4.35 1.12 44.79 48.83 25.46 74.86 64.83 90.95 

3qln 7.87 2.21 4.15 2.63 2.09 1.94 2.14 71.92 47.27 66.58 73.44 75.22 72.81 

3sox 6.08 3.65 4.95 4.67 5.80 3.84 3.82 39.97 18.42 23.19 4.61 36.84 37.17 



 

 

4ljn 3.85 1.52 1.14 1.15 2.33 1.21 1.09 60.52 70.39 70.13 39.74 68.83 71.95 

4qf2 8.30 4.92 6.33 6.84 5.71 6.84 5.71 40.72 23.73 17.59 31.08 17.59 31.08 

Mean 6.78 4.48 5.07 4.84 4.75 4.43 3.81 29.55 22.20 26.85 23.11 31.49 37.99 

SD 2.59 1.62 1.67 2.29 1.93 1.85 1.92 29.01 26.09 28.88 32.04 29.82 31.56 

Median 6.58 4.86 5.24 4.60 4.82 4.52 4.11 38.95 18.85 20.39 17.25 27.22 34.13 

MAD 1.70 0.70 1.09 1.56 1.12 0.69 0.99 22.69 19.22 18.26 21.26 25.78 24.44 

 

Table S12. Superimposition of experimentally determined holo and apo target structures at the 

interface.  

PDB ID RMSD (Å) RMSD-Cα (Å) RMSD** (Å) RMSD-Cα** (Å) 

1xwh* 1.65 0.97 1.82 0.84 

2fui* 1.74 0.74 0.77 0.47 

2gnq 0.74 0.36 1.06 0.81 

2mny* 3.37 2.30 3.11 2.13 

2pv0 0.93 0.61 0.95 0.73 

3o33 1.17 0.69 1.58 0.61 

3qln 1.25 0.80 2.74 2.88 

3sox 1.26 0.64 0.89 0.72 

4ljn 2.00 1.34 2.13 2.00 

4qf2 0.71 0.39 1.91 1.32 

Mean 1.48 0.89 1.70 1.25 

SD 0.79 0.57 0.81 0.81 

Median 1.26 0.72 1.70 0.83 

MAD 0.44 0.18 0.70 0.29 

RMSD, RMSD calculated for all heavy atoms of the targets; RMSD-Cα, RMSD calculated for Cɑ atoms of the targets 

*For NMR structures, the first model was used for the calculations.  

**RMSD calculations were performed on the binding site region, any target residues within 5 Å of the peptide ligand. 

Table S13. Improvements on the full-length peptide obtained by the protocols on the test set using 

holo target structures.  

PDB ID RMSDstart 
method/minimum RMSD values (Å) ΔRMSD (Å) 

P1 P2 P3 P4 P5 P6 P1 P2 P3 P4 P5 P6 

1xwh 15.92 9.29 14.57 10.57 16.31 7.54 8.33 41.66 8.51 33.64 -2.43 2.46 -7.76 

2fui 19.22 10.50 11.24 12.52 14.51 5.43 5.53 45.35 41.50 34.86 24.51 6.22 4.53 

2gnq 7.30 6.69 6.12 5.98 5.68 5.98 5.68 8.40 16.21 18.08 22.26 18.08 22.26 

2mny 10.84 6.87 7.81 7.39 8.47 7.11 7.10 36.61 27.95 31.80 21.89 -6.28 -6.14 

2pv0 7.80 8.55 6.68 7.81 1.71 1.17 5.58 -9.56 14.32 -0.17 78.10 67.04 -57.04 

3o33 18.28 15.12 8.36 12.78 13.74 6.18 7.40 17.29 54.29 30.10 24.82 46.12 35.48 

3qln 9.13 1.98 2.30 1.39 5.19 1.16 2.12 78.32 74.80 84.75 43.11 72.71 50.16 

3sox 15.06 12.83 7.99 11.41 8.75 6.68 4.48 14.83 46.97 24.25 41.92 6.31 37.18 

4ljn 11.61 8.93 8.67 8.11 9.29 6.34 5.49 23.11 25.35 30.19 20.00 11.08 23.02 

4qf2 3.82 1.37 3.76 2.72 2.29 2.72 2.29 64.24 1.68 28.80 40.00 28.80 40.00 

Mean 11.90 8.21 7.75 8.07 8.59 5.03 5.40 32.03 31.16 31.63 31.42 25.25 14.17 

SD 5.08 4.29 3.49 3.91 5.04 2.42 2.02 26.57 22.92 21.34 21.19 27.76 31.88 



 

 

Median 11.23 8.74 7.90 7.96 8.61 6.08 5.55 29.86 26.65 30.14 24.67 14.58 22.64 

MAD 3.88 1.96 1.50 3.03 4.28 0.84 1.31 15.26 16.49 4.11 10.00 13.17 17.74 

≥ 1.0  8 9 9 9 5 6 8 9 9 9 5 6 

0.9 - 0.1 Å  1 1 0 0 4 1 1 1 0 0 4 1 

< 0.0 Å  1 0 1 1 1 3 1 0 1 1 1 3 

 

Table S14. RMSD and bbRMSD calculated for residue R2 of initial structures obtained with apo 

targets. 

PDB ID RMSD (Å) bbRMSD (Å) 

1xwh 6.49 3.10 

2fui 11.24 11.76 

2gnq 8.62 2.72 

2mny 7.31 2.61 

2pv0 6.44 3.66 

3o33 5.91 5.27 

3qln 6.82 2.08 

3sox 5.60 3.19 

4ljn 1.88 1.56 

4qf2 6.16 4.17 

Mean 6.65 4.01 

SD 2.36 2.92 

Median 6.47 3.15 

MAD 0.70 0.78 
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