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a b s t r a c t 

Docking using different programs provides more reliable information about the interaction of molecules than 

data obtained in a single program. An exponential consensus ranking (ECR) was developed to combine scoring 

functions across docking programs differing in efficiencies and scales of measurements. The ECR method was 

adapted to merge results of re- and cross-dockings (i.e., ensemble docking) made in multiple docking programs. 

Adapted ECR consisted of four consecutive steps: 1- determination of scoring functions for a ligand with a series 

of macromolecules in multiple docking programs; 2- ranking of the scoring functions per macromolecule in each 

program; 3- combining the ranking across the programs creating a ranking per macromolecule; 4- averaging 

the ranking per macromolecule creating a final ranking. This last step incorporated the heterogeneity of the 

macromolecule conformations in the consensual score. The final ranking based on the adapted ECR represents 

relative affinity of a series of ligands to a macromolecule on average. As an example, a ranking of the average 

affinity of antidepressants and other ligands to the Drosophila melanogaster dopamine transporter (dDAT) was 

presented. Adapted ECR generated a ranking similar to that based on the affinity constant of each ligand obtained 

from the literature. 

• A final ranking of the average relative affinity of different ligands to the dDAT. 
• A consensus method combining multiple ensemble dockings. 
• A complete protocol to make re-docking and cross-docking using Autodock Vina, Gold and DockThor. 
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Specifications table 

Subject Area; Bioinformatics 

More specific subject area; Molecular modeling 

Method name; Consensus docking 

Name and reference of original method PALACIO-RODRÍGUEZ, Karen et al. Exponential consensus ranking improves 

the outcome in docking and receptor ensemble docking. Scientific reports, 

v. 9, n. 1, p. 1-14, 2019. https://doi.org/10.1038/s41598-019-41594-3 

Resource availability AlphaFold: AlphaFold Protein Structure Database (ebi.ac.uk) 

Autodock Vina: AutoDock (scripps.edu) 

DockThor: DockThor (lncc.br) 

Dicovery Studio: Free Download: BIOVIA Discovery Studio Visualizer - 

Dassault Systèmes (3ds.com) 

RCSB Protein Data Bank (PDB): RCSB PDB: Homepage 

Method details 

Docking using different programs provides more reliable information about the interaction of 

molecules than the data obtained in a single program [1] . However, divergent scoring functions

and efficiencies may bias the consensus across the different docking programs [2] . An exponential

consensus ranking (ECR) by Palacio-Rodríguez et al. (2019) [3] combined outcomes of individual 

docking programs using a sum of exponential distributions as a function of the molecule rank for each

program. The ECR was based on the ranking rather than the score, providing a consensus independent

of the score units, scales, offsets, and software settings [3] . The ECR strategy outperformed traditional

consensus approaches in several virtual screening of chemical libraries, aiming to find the most 

favorable position, orientation, and conformation of each molecule upon binding to a protein target 

[3] . The ECR method consisted of 1- determination of scoring functions for each docking ligand-

macromolecule in different programs; 2- selection of the best pose of the ligand within all the scoring

functions for each program (independent of macromolecule); 3- applying the ECR formula for ranking 

the ligands according to the best pose [3] . The final ECR ranking represents the relative affinity of the

ligands based on the best interaction with a macromolecule. 

The ensemble docking approaches were developed to provide more flexibility to the docking 

methods [5] . A typical implementation of ensemble docking consists of docking each ligand to

multiple rigid conformations of the macromolecules [ 4 , 5 ]. In the present study, the ensemble docking

consisted of a series of re- and cross dockings between a ligand and a macromolecule in different

conformations made in multiple programs. A re-docking consists of docking a ligand within the 

binding site of a macromolecule co-crystallized with that ligand; while in a cross-docking, the ligand

is docked within a macromolecule co-crystallized with another ligand [7] . Consequently, multiple 

scoring functions are calculated for each ligand in the ensemble docking, which finally should be

merged to obtain a consensual score [6] . There are several methodologies to obtain the consensus

of ensemble dockings, including ECR [3] . Here, an adapted ECR was developed to combine scores

of multiple programs used to make the ensemble dockings of a ligand across several conformations

of a macromolecule. The adapted ECR approach used an average pose of a ligand across several

conformations of a macromolecule, instead of the best pose within all programs and macromolecules. 

The adapted ECR consisted of four consecutive steps: 1- determination of scoring functions for 

a ligand with a series of macromolecules in multiple docking programs; 2- ranking the scoring

functions for each macromolecule in each program; 3- combining the rankings of each macromolecule 

across programs obtaining a ranking per macromolecule; 4- averaging the ranking per macromolecule 

obtaining a final ranking. This last step was performed to incorporate the heterogeneity of the

macromolecules, chemically identical but independently crystalized, into the consensual score. Thus, 
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Table 1 

List of PDB codes for crystallized complexes dDAT-ligand. 

PDB code Ligand crystallized 

4M48 [13] Nortriptyline 

4XNU [14] Nisoxetine 

4XNX [14] Reboxetine 

4XP1 [15] Dopamine 

4XP4 [15] Cocaine 

4XP5 [15] RTI-55 

4XP6 [15] Methamphetamine 

4XP9 [15] D-amphetamine 

4XPA [15] 3,4dichlorophenethylamine 

6M2R [16] Norepinephrine 
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he final ranking based on the adapted ECR represents the relative affinity of the ligands to a

acromolecule on average, which may be more representative of the biological conditions. In this

ork, the adapted ECR was used to rank the average affinity of antidepressants and other ligands

ith Drosophila melanogaster dopamine transporter (dDAT). In future studies, these procedures can be

sed to virtual screening of compounds with antidepressant potential. 

e-dockings and cross-dockings procedures 

ata bases and Software 

Complexes of crystallized macromolecules-ligands used in the re-dockings and cross-dockings were

ownloaded from the date bank RCSB Protein Data Bank (PDB). Theoretical structures were obtained

rom AlphaFold [8] . The programs Gold 2021.1.0 [9] , Autodock Vina [10] , and DockThor [11] were used

or re-dockings and cross-dockings. Discovery Studio 2021 Client was used to find the coordinates X,

, and Z of the binding sites and visualize the docking results [12] . 

acromolecules and ligands 

The macromolecules ( Drosophila dopamine transporter, dDAT) were downloaded from the PDB.

n advanced search was performed at the PDB as follows: (Full Text = "dopamine transporter" OR

ull Text = "dDAT") AND (Scientific Name of the Source Organism = "Drosophila melanogaster" OR

cientific Name of the Source Organism = "Drosophila"). Screening of searched information resulted

n 10 dDATs ( Table 1 ) fulfilling inclusion criteria, i.e., structures without mutations at the ligand site. In

ddition, a theoretical dDAT was downloaded from AlphaFold [8] (“dopamine transporter drosophila

elanogaster”). 

dentifying the binding sites 

For each macromolecule-ligand complex downloaded from the PDB, the site where the ligand

s supposed to bind in the macromolecule (binding site) was identified using the Discovery Studio

rogram. The binding site of the theoretical dDAT was estimated by identifying the positions of the

mino acids present in the binding sites of crystallized dDATs ( Table 2 ). 

e-dockings and cross-dockings procedures 

Re-docking and cross-docking ( Fig. 1 ) scoring functions were used to calculate consensus docking

mong the three different docking programs. For the re- or cross-docking processes, the ligands were

xtracted from the complex ligand-macromolecule and then redocked with the respective crystallized

acromolecule or cross-docked with a macromolecule crystalized with another ligand. In the present

xample, ten different ligands were isolated from ten different ligand-dDAT complexes were re-docked
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Table 2 

Coordinates X, Y e Z in the binding site of each dDAT. 

PDB code Coordinate X Coordinate Y Coordinate Z 

4M48 [13] -39,060 -1,822 55,219 

4XNU [14] -8,939 -1,799 25,790 

4XNX [14] -9,431 -2,158 27,719 

4XP1 [15] -10,297 3,463 -25,513 

4XP4 [15] 202,935 283,538 27,466 

4XP5 [15] 198,814 277,689 27,055 

4XP6 [15] -154,392 -143,708 193,219 

4XP9 [15] -153,996 -143,080 195,325 

4XPA [15] -56,880 -142,573 27,657 

6M2R [16] -9,334 2,517 -28,034 

Alpha Fold -6,821 -0,474 -2,766 

Fig. 1. Re-docking and cross-docking representation. Graphical representation of re-docking and cross-docking processes. 

Ligands (L1, left, L2, right) may interact with the macromolecules (M1, purple; M2, blue) in a direct (arrows with continuous 

lines) or crossed fashion (arrows with dashed lines). Direct interactions represent re-dockings, crossed interactions represent 

cross-dockings. 

 

 

 

 

 

 

 

 

with the respective dDAT and cross-docked with the additional dDATs (ten crystalized plus one 

theoretical). All dockings were made using the following programs: Autodock Vina (supplementary 

material 1: link to videos 3-5), DockThor (supplementary material 1: link to video 7) and Gold

(supplementary material 1: link to video 6). In supplementary material 1 (link to videos 1 and 2) are

videos on the mandatory steps to prepare your files for any re-docking and cross-docking. Different

settings were applied to modify the macromolecules, ligands, cofactors (structures crystallized with 

the macromolecule), and docking parameters to find the best docking strategy. Find more information 

about all the tries for each docking program, including the Autodock 4, excluded due to inferior

performance, in supplementary material 2. The RMSD was the outcome parameter to predict the 

best strategy for re-dockings in all software. Inside each program, there is an option to calculate

the RMSD value. An RMSD below 2 angstroms ( ̊A) was considered a satisfactory outcome, indicating

similarity between the pose of the ligand in the re-docking with the original pose in the crystallized

complex. Moreover, mandatory settings for some docking programs or settings relevant to the 

project also served as parameters for choosing the best strategy ( Table 3 ). Different settings were

applied to modify the macromolecules, the ligands, the cofactors (structures crystallized with the 

macromolecule), and docking parameters to find the best docking strategy. Find more information 
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Table 3 

Settings for the best strategy in each software. 

Program Strategy 

Autodock Vina dDAT: add the hydrogens, with Kollman Charges; 

Ligand: with torsion, with Compute Gasteiger and aromatic carbon at 7.5 º; 

Cofactors: with water and other cofactors; 

Docking parameters: grid box X = 50, Y = 50 e Z = 50 and 20 runs. 

DockThor dDAT: without any alteration; 

Ligand: with torsion and add the hydrogens; 

Cofactors: with water and other cofactors; 

Docking parameters: grid size and number of runs, suggested by the program. 

Gold dDAT: add the hydrogens, without torsion; 

Ligand: with torsion; 

Cofactors: with water and other cofactors; 

Docking parameters: grid box at 35 ̊A, 50 runs and ASP score ( + CHEMPLP in 

the cross-dockings). 
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bout all the tries for each docking program, including the Autodock 4, excluded due to inferior

erformance, in supplementary material 2. The RMSD was the outcome parameter used to predict

he best strategy for re-dockings in all software. A RMSD below 2 angstroms ( ̊A) was considered a

atisfactory outcome, indicating similarity between the pose of the ligand in the re-docking with the

riginal pose in the crystallized complex. Moreover, mandatory settings to some docking programs or

ettings relevant to the project also served as parameters to choose the best strategy ( Table 3 ). 

onsensus docking procedures 

The adapted ECR method combined outcomes of all dockings (re- and cross-dockings) into a

onsensual outcome. The method consisted of the following steps: 1- determination of scoring

unctions for each docking ligand-macromolecule in different programs; 2- selection of the best

ose of the ligand ranking them per macromolecule and per program; 3- combining the ranking per

rogram by using the ECR formula generating a ranking per macromolecule conformation; 4- a simple

verage of the ranking per macromolecule conformation generating a final ranking. The following text

escribes the method step-by-step providing equations and examples (see sheets with calculations in

upplementary method 3 and examples in supplementary methods 4). 

tep 1- determination of scoring functions for each docking in different programs 

In the first step, scoring functions of re-dockings and cross-dockings with different measurement

cales were obtained in different docking programs using the settings presented in section 1.4. In the

resent example, delta G ( �G) is the outcome of the Autodock Vina and DockThor, while fitness is

he outcome of the Gold. There were eleven different scoring functions per ligand per program since

ach of the ten ligands were docked with eleven macromolecules with different conformations. 

tep 2- ranking scoring functions per macromolecule and per program 

In the second step, for each macromolecule, the scoring functions of the dockings with all ligands

ere ranked in a given program with the best poses occupying the top positions and the worst poses

n the lower positions ( Fig. 2 , Table 4 ). In the present example, in the Autodock Vina and DockThor,

igher values of �G represent the best poses, i.e., the top positions of the rankings. In the Gold,

he top positions of the rankings were occupied by lower values of fitness, which represent the best

oses. Each ranking has ten positions, i.e., ten different ligands. The number of rankings per program

as eleven because there were eleven different conformations for dDAT. 

Macromolecule M = {M λ: 1 ≤ λ ≤ m}, where M is the list of macromolecules ranging from 1 to m,

 λ being any macromolecule inside this set. Ligands L = {L i : 1 ≤ i ≤ l}, where L is the list of ligands

anging from 1 to l, L i being any ligand inside this set. Programs P = {P j : 1 ≤ j ≤ p}, where P is the list
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Fig. 2. Graphical representation of ranking of ligands. Graphical representation of rankings of ligands (L i = any ligand) per 

macromolecule (green, purple or blue molecules) per program (P j = any program). A scoring function list was obtained for 

each docking program macromolecule ranked from the best pose (top position, 1 º) to the worst pose (lowest position, N º). 

Table 4 

Description the step 1 consensus docking. 

Macromolecule 1 Macromolecule 2 Macromolecule λ Macromolecule m 

M 1 R 1 M 2 R 2 M λ R λ M m R m 

L 1 O j 
1 , 1 

R j 
1 , 1 

O j 
1 , 2 

R j 
1 , 2 

O j 
1 ,λ

R j 
1 ,λ

O j 
1 ,m 

R j 
1 ,m 

L 2 O j 
2 , 1 

R j 
2 , 1 

O j 
2 , 2 

R j 
2 , 2 

O j 
2 ,λ

R j 
2 ,λ

O j 
2 ,m 

R j 
2 ,m 

L i O j 
i, 1 

R j 
i, 1 

O j 
i, 2 

R j 
i, 2 

O j 
i,λ

R j 
i,λ

O j 
i,m 

R j 
i,m 

L l O j 
n, 1 

R j 
n, 1 

O j 
n, 2 

R j 
n, 2 

O j 
n,λ

R j 
n,λ

O j n,m R j n,m 

Abbreviations: L = ligand, M = macromolecule, R = ranking, O = outcome. 

 

•
 

•
 

•
 

•
 

of programs ranging from 1 to p, P p being any program inside this set. The outcome, resulting from

association of L i with M λ at P j , was used to crescent ranking defined as R 
j 

i,λ
. 

Macromolecule M = {M λ: 1 ≤ λ ≤ m}, where M is the list of macromolecules ranging from 1 to m,

M λ being any macromolecule inside this set. 

Ligands L = {L i : 1 ≤ i ≤ l}, where L is the list of ligands ranging from 1 to l, L i being any ligand

inside this set. 

Programs P = {P j : 1 ≤ j ≤ p}, where P is the list of programs ranging from 1 to p, P p being any

program inside this set. 

The outcome, resulting from the association of L i with M λ at P j , was used from crescent ranking

defined as R 
j 

. 

i,λ
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Fig. 3. Ranking per macromolecule. Graphical representation of the ranking of ligands (top position = 1 º; lowest position = N º; 

L i = any ligand) per macromolecule (green, purple or blue molecules) obtained from the ECR combining the ranking positions 

of the scoring functions of the different programs. 

Table 5 

ECR formula description for each ligand-macromolecule complex. 

Macromolecule (M λ) 

P( L 1 ) = 

1 
10 

( exp ( − R 1 
1 ,λ

10 
) + exp ( − R 2 

1 ,λ

10 
) + exp ( − R j 

1 ,λ

10 
) + exp ( − R p 

1 ,λ

10 
) ) = a 1 ,λ

P(L 2 ) = 

1 
10 

( exp (− R 1 
2 ,λ

10 
) + exp (− R 2 

2 ,λ

10 
) + exp (− R j 

2 ,λ

10 
) + exp (− R p 

2 ,λ

10 
)) = a 2 ,λ

P( L i ) = 

1 
10 

( exp ( − R 1 
i,λ

10 
) + exp ( − R 2 

i,λ

10 
) + exp ( − R j 

i,λ

10 
) + exp ( − R p 

i,λ

10 
) ) = a i,λ

P( L l ) = 

1 
10 

( exp ( − R 1 
l,λ

10 
) + exp ( − R 2 

l,λ

10 
) + exp ( − R j 

l,λ

10 
) + exp ( − R p 

l,λ

10 
) ) = a l,λ

S

 

t  

t  

l  
tep 3- combining the ranking per program by using the ECR per macromolecule 

In the third step, the independent rankings of different software were combined ( Fig. 3 ). In

he example, the eleven independent rankings for each interaction ligand-dDAT per program, i.e.,

hirty-three independent rankings, were combined into ten independent rankings for each interaction

igand-dDAT ( Fig. 3 , Table 5 ). For this, the exponential consensus ranking (ECR) [3] by the Palacio-
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Table 6 

Simple average of the ECR value. 

L 1 : 
M 1 ( a 1 , 1 )+ M 2 ( a 1 , 2 )+ ... + M λ ( a 1 ,λ )+ ... + M 11 ( a 1 , 11 ) 

m 
= P 1 

L 2 : 
( M 1 ( a 2 , 1 )+ M 2 ( a 2 , 2 )+ ... + M λ ( a 2 ,λ )+ ... + M 11 ( a 2 , 11 ) ) 

m 
= P 2 

L i : 
( M 1 ( a i, 1 )+ M 2 ( a i, 2 )+ ... + M λ ( a i,λ )+ ... + M m ( a i,m ) ) 

m 
= P i 

L l : 
(M 1 (a l, 1 )+ M 2 (a l, 2 )+ ... + M λ (a l,λ )+ ... + M m (a l,m )) 

m 
= P l 

Each line represents equation 2 for each ligand. 

•

•

•

•
 

 

•

•

 

 

 

•

•

•

•

•

Rodríguez et al. (2019) was modified in the following way: 

P ( i ) = 

1 

σ

p ∑ 

j = 1 

exp 

( 

−
R 

j 

i , λ

σ

) 

= a i,λ (1) 

Being that: 

“P(i) ” corresponds to the ligand position of interested; 

sigma ( σ ) has a fixed value of 10, as presented in article [1] ; 

“exp” refer to the Euler number, equal to 2,718; 

The indexes “λ”, “i”, “j” indicated any macromolecule ( M λ) , any ligand (Li), and any program (Pj),

respectively. Each researcher can define the number of elements in each set ( Fig. 2 ). For example,

in our study there are eleven macromolecules (dDAT), ten ligands, three software ( Table 5 ). 

The ranking is given by “R 

j 

i ,λ
”. 

The “a i ,λ” corresponds to the sum of ECR score of all scoring functions. 

The ECR formula can be rewritten without the sum sign in the following way: 

Ligand position ( i ) = 

1 

10 

( 

exp 

( 

−
R 1 

i,λ

10 

) 

+ exp 

( 

−
R 2 

i,λ

10 

) 

+ ... + exp 

( 

−
R 

j 

i,λ

10 

) 

+ ... + exp 

( 

−
R 

p 

i,λ

10 

) ) 

= a i,λ

Each line represents equation 1 for each ligand. 

Step 4- a simple average of the ranking per macromolecule generating a final ranking 

In the fourth step, the independent rankings of dockings per macromolecule were combined in the

final ranking ( Equation 2 , Fig. 4 ). In the present example ( Table 6 ), the eleven independent rankings

for each interaction ligand-dDAT were combined in a final ranking from position 1 (ligand with the

best pose) to 10 (ligand with the worst pose). The equation was as follows: 

L i : 
1 

m 

( 

m ∑ 

λ = 1 

M λ

(
a i ,λ

)) 

= P i (2) 

Being that: 

“L i ” correspond to the ligand of interested; 

“ 1 
m 

” is the number 1 divided by the total number of macromolecules (m); 

“M λ” correspond to any macromolecule; 

“a i,λ” is the result obtained in equation 1; 

“P i ” correspond to the final position of the ligand of interest. 

This formula can be rewrite without the sum sign this way: 

L : 
M 1 

(
a i, 1 

)
+ M 2 

(
a i, 2 

)
+ . . . + M λ

(
a i,λ

)
+ . . . + M m 

(
a i,m 

)
= P 
i m 

i 
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Fig. 4. Final ranking. Graphical representation of the final ranking (top position = 1 º; lowest position = N º) of ligands (L i = any 

ligand) obtained from the simple average of the positions in the rankings per macromolecule. 

R

 

i  

d  

t  

R  
esults 

Data from the dockings of ten ligands, eleven macromolecules, and three programs were combined

n a single ranking with ten positions by using the adapted ECR ( Table 7 ). For comparison and

iscussion, ECR method by Palacio-Rodríguez et al. (2019) [3] and inhibition constant (K i ) obtained in

he literature [ 13 –16 ] were also used to create rankings of ligands ( Table 7 ). ECR method by Palacio-

odríguez et al. (2019) [3] generated a ranking with eight positions because the top position was
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Table 7 

Rankings of relative affinity of ligands to dDAT. 

Ligand [ref] K i ± S.E.M. K i Ranking Adapted ECR Ranking ECR Ranking 

Reboxetine [14] 20 ηM 

∗ 1 1 1 

Nortriptyline [13] 156 ± 12 ηM 3 2 1 

Cocaine [13] 33 ± 3 μM 2 3 2 

Nisoxetine [14] NA NA 4 3 

Cocaine RTI55 [15] 371 ± 25 ηM 4 5 1 

3,4dichlorophenethylamine [15] 4.5 ± 0.3 μM 5 6 4 

Dopamine [15] 8.3 μM 

∗ 6 7 6 

L-norepinephrine [16] 19.1 ± 1.7 μM 7 8 5 

Methamphetamine [15] 31 μM 

∗ 8 9 7 

D-amphetamine [15] 86 μM 

∗ 9 10 8 

First column: name of ligands co-crystallized with dDAT with the respective reference [ref]. Second column: 

values of K i extracted from the [ 17 ] listed in in the respective line in the column 1. Third column: ranking 

of ligands based on the values of K i of the second column. Fourth column: ranking of ligands based on the 

adapted ECR developed in the present article. Fifth column: ranking of ligands based on the ECR by Palacio- 

Rodríguez et al. (2019) [3] . NA = not available. ∗Missing value of S.E.M. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

shared by three ligands. Except for nisoxetine, values of K i were available for nine of the ten ligands

of interest [ 13 –16 ] creating a ranking with nine positions. 

In the rankings based on the adapted ECR or K i , the reboxetine was ranked at the first position,

followed by nortriptyline and cocaine. In the ranking based on the ECR, reboxetine, nortriptyline, and

cocaine RTI55 shared the top position, followed by cocaine and nisoxetine in the second and third

places, respectively (supplementary material 5). The lower three positions of the rankings based on 

the adapted ECR and K i were occupied by l-norepinephrine, methamphetamine, and d-amphetamine. 

In the rankings based on the ECR, dopamine was among the last three positions, instead of l-

norepinephrine. In the three rankings, the neurotransmitters dopamine and l-norepinephrine occupied 

low positions while nisoxetine, cocaine RTI55, and 3,4dichlorophenethylamine occupied intermediate 

positions. 

Discussion 

The adapted ECR permitted the combination of the outcomes of ensemble dockings in different

units of measurement by different docking programs. Because the adapted ECR, as the original ECR

[3] , was based on the ranking instead of the values of the scoring functions, the consensus became

independent of the program settings. Moreover, these methods allow for the conciliation among 

scoring functions with opposite interpretations. The values of �G are inversely proportional to the 

pose, i.e., the more negative the value of �G, the better the pose for a ligand, the higher the position

in a ranking. Contrasting, the more positive the value of fitness, the best the pose for a ligand, and

the higher its position in a ranking. In the present example, the re- or cross-dockings of the ligands

with the different conformations of dDAT were made using Autodock Vina, DockThor and Gold. In the

Autodock Vina and DockThor, the lowest values of �G represent the best poses, i.e., the top positions

in the rankings, while in the Gold, the highest fitness values represent the best poses, i.e., the top

positions in the rankings. The rankings based on the ECR or adapted ECR represent the relative affinity

of the ligands to a macromolecule based on the best or the average pose, respectively. Theoretically,

the average pose may be more representative of the biological conditions than the best pose. 

The equations provided in this study can be applied to any number of ligands, programs, and

macromolecule conformations. The number of positions in the rankings based on the ECR [3] or

adapted ECR methods, depend on the number of ligands available to be ranked. The number

of rankings to be conciliated are equal to the number of programs in the ECR method. In the

adapted ECR, the number of rankings to be conciliated are equal to the number of programs

(rankings per program) multiplied the number of conformations of the macromolecule (rankings per 

macromolecule). Thus, in the adapted ECR, rankings per program were combined generating rankings 

per macromolecule, which the average provided the final ranking of ligands. In the current example,
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ankings based on the adapted ECR had ten positions due to the availability of ten different ligands

o-crystallized with dDAT. The number of rankings per program was three (Autodock Vina, DockThor,

old), and per macromolecule was eleven (10 crystalized dDAT, 1 theoretical dDAT). It is expected

hat the sequence of ligands in the rankings correspond to the relative affinity of these compounds to

he macromolecule. Although the sequences within rankings based on the ECR or adapted ECR were

imilar to the ranking based on the values of K i , the correspondence between the adapted ECR and Ki

ere almost complete as compared to the ECR. 

In a ranking based on the values of K i for the binding between the ligands and dDAT, i.e.,

ffinity increasing from the lowest to the highest values of K i , reboxetine would be in the first

osition followed by cocaine and nortriptyline in the second and third positions, respectively. This

ast sequence was similar to the ranking based on the adapted ECR whereby reboxetine was at the top

ank followed by nortriptyline and cocaine in the second and third positions, respectively. Except for

he switched positions of nortriptyline and cocaine, the sequences of the ligands within the rankings

verlap completely between adapted ECR and K i . The overlap between rankings based on K i and ECR

as poor because the last method produced several ties. Despite the partial overlap across rankings,

here was clear relation between K i values and the ranking positions using the ECR or adapted ECR

ethods. For example, ligands at the top positions of the rankings created with ECR or adapted ECR

ad values of K i in the range of the nanomolar while the lower positions had K i in the range of the

icromolar. 

Ensemble docking aims to include flexibility to the binding sites of macromolecules in the docking

rocess [ 4 , 5 ]. There are several methodologies to obtain the consensus on ensemble docking [6] .

ere, the adapted ECR was used to create a ranking based on the average pose of ligands in a

acromolecule’s binding site, which may be more representative of biological conditions than the

est pose. This last hypothesis should be addressed in future studies. The adapted ECR can be applied

n the next steps of the present project to the virtual screening of compounds with antidepressant

otential in Drosophila melanogaster since dDAT seems to be a primordial carrier for catecholamines

n these flies [17] . Altogether, data indicate that adapted ECR provided a ranking of relative affinity

imilar to the ranking based on the values of the inhibition constant empirically observed in the in

itro studies. 

onclusion 

Data indicate that adapted ECR provided a ranking of relative affinity similar to the ranking based

n the values of the inhibition constant empirically observed in the in vitro studies. In future studies,

he adapted ECR can be applied in the next steps of the present project to the virtual screening of

ompounds with antidepressant potential in Drosophila melanogaster . 
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