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EXECUTIVE SUMMARY 

Deliverable 3.1 of the Endotarget project provides a comprehensive computational 
analysis aimed at predicting the binding affinities of a variety of bioactive 
compounds (including lipopolysaccharide (LPS) from Escherichia coli O26:B6 
(serving as a pro-inflammatory control), candidate repurposed drugs (amitriptyline, 
naloxone, and thalidomide), natural compounds derived from Hyptis pectinata, 
Boswellia serrata, and additional candidate molecules such as retinol binding 
protein-4 (RBP4)) with the Toll-like receptor 4 (TLR4). Recognized as a pivotal sensor 
of microbial components and a mediator of systemic inflammation in rheumatic 
diseases, TLR4 was selected as the reference receptor to ensure that the predictions 
are both biologically relevant and clinically actionable. 

Using advanced in silico techniques such as molecular docking via the EasyDock 
Vina platform and free energy calculations, the WP3 team established robust 
workflows for structural modeling and binding affinity estimation. Protein structures 
were sourced from experimental repositories (PDB) or generated using Artificial 
Intelligence (AI) software, AlphaFold, when necessary, ensuring that receptor and 
ligand preparations provided a reliable basis for docking analyses. The 
computational strategy allowed for a systematic screening of a diverse compound 
library, yielding consistently negative free energy values that serve to rank the 
candidate molecules according to their predicted binding strength. 

The results indicate that several candidate repurposed drugs and natural 
compounds exhibit stronger binding affinities for TLR4 than the control LPS. These 
promising predictions support their potential for modulating TLR4-mediated 
inflammatory responses, which is of particular importance given the established role 
of TLR4 in driving the inflammatory processes associated with osteoarthritis, 
rheumatoid arthritis, and spondylarthritis. The deliverable further emphasizes that 
these computational findings will inform subsequent in vitro and in vivo validation 
studies, thereby facilitating the translational progression from molecular screening 
to therapeutic intervention. 

Overall, Deliverable 3.1 establishes a pivotal foundation for the rational design of 
interventions targeting endotoxemia-driven inflammation in rheumatic diseases. By 
integrating computational predictions with experimental workflows, the Endotarget 
project is well-positioned to advance the discovery and development of novel 
therapeutic strategies, ultimately contributing to improved clinical outcomes in the 
management of inflammatory joint disorders. 

  



5 
 

 

 
 

D3.1 – Values of free energy to predict the potential binding affinity of a given LPS, drug and 
compound to a target receptor. 

 

TABLE OF CONTENT 

1. Introduction 
2. Methods 
3. Results 

3.1. Free energy value of LPS from Escherichia coli O26:B6 binding with TLR4 
3.2. Free energy value of candidate repurposed drugs to inhibit TLR4 responses 

with TLR4 
3.3. Free energy value of candidate natural compounds to inhibit TLR4 

responses with TLR4 
3.4. Free energy value of other candidate molecules to modulate TLR4 

responses with TLR4 
4. Discussion 
5. Critical risks 
6. References  



6 
 

 

 
 

D3.1 – Values of free energy to predict the potential binding affinity of a given LPS, drug and 
compound to a target receptor. 

 

LIST OF TABLES 

Table 1. Free energy values of LPS from Escherichia coli O26:B6 binding with TLR4 

Table 2. Free energy values of amitriptyline binding with TLR4 

Table 3. Free energy values of naloxone binding with TLR4 

Table 4. Free energy values of thalidomide binding with TLR4 

Table 5. Free energy values of pectinolide J binding with TLR4 

Table 6. Free energy values of hiptolyde binding with TLR4 

Table 7. Free energy values of pectinolide E binding with TLR4 

Table 8. Free energy values of β-boswellic acid binding with TLR4 

Table 9. Free energy values of RBP4 binding with TLR4 

LIST OF FIGURES 

Figure 1. Predicted best result for the molecular docking of TLR4 and LPS from E. coli 
O26:B6 

Figure 2. Predicted best result for the molecular docking of TLR4 and amitriptyline 

Figure 3 Predicted best result for the molecular docking of TLR4 and naloxone 

Figure 4. Predicted best result for the molecular docking of TLR4 and thalidomide 

Figure 5. Predicted best result for the molecular docking of TLR4 and pectinolide J 

Figure 6. Predicted best result for the molecular docking of TLR4 and heptolyde 

Figure 7. Predicted best result for the molecular docking of TLR4 and pectinolide E 

Figure 8. Predicted best result for the molecular docking of TLR4 and β-boswellic 
acid 

Figure 9. Predicted best result for the molecular docking of TLR4 and RBP4 

 

 

 



7 
 

 

 
 

D3.1 – Values of free energy to predict the potential binding affinity of a given LPS, drug and 
compound to a target receptor. 

 

LIST OF ABBREVIATIONS 

 

ACRONYM DESCRIPTION 

LPS Lipopolysaccharide 

TLR4 Toll-like receptor 4 

PDB Protein Data Bank 

RBP4 Retinoid binding protein-4 

WP Work Package  

 

  



8 
 

 

 
 

D3.1 – Values of free energy to predict the potential binding affinity of a given LPS, drug and 
compound to a target receptor. 

 

1. INTRODUCTION 

The ENDOTARGET consortium aims to investigate the role of gut microbiota-derived 
immunologically active compounds in the pathogenesis of rheumatic diseases, 
with a focus on osteoarthritis, rheumatoid arthritis, and spondylarthritis. A particular 
emphasis is placed on understanding how lipopolysaccharides (LPS) and other 
microbial metabolites interact with host receptors to initiate or exacerbate chronic 
inflammation. 

Deliverable 3.1 addresses this objective by providing computational predictions of 
the binding affinities between selected LPS structures, candidate drugs, and novel 
compounds with target host receptors implicated in inflammation and immune 
modulation. By advanced in silico techniques, such as molecular docking and free 
energy calculations, and IA based protein reconstruction, we aimed to prioritize 
molecules with the highest potential for modulating pathological pathways 
relevant to rheumatic diseases. 

The WP3 team has established robust workflows for structural modeling, receptor-
ligand docking, and free energy estimation, ensuring the reproducibility and 
accuracy of predictions across different compound libraries and receptor models. 
These computational strategies complement experimental efforts within the 
consortium by narrowing down the vast chemical space to the most promising 
therapeutic candidates, thereby accelerating the identification of new intervention 
points within the gut-joint axis. 

After consensus with the WP3 members and the consultation with the consortium, 
we selected LPS from Escherichia coli O26:B6 (LPS B6 from now on) to be employed 
as the referent LPS, being considered as pro-inflammatory control. Its commercial 
availability plus its well-described pro-inflammatory effects on several in vitro 
models (1) supported the use of this LPS as a structural reference point to study 
drugs and other molecules to inhibit LPS-elicited responses.  

Given the central role of pattern recognition receptors in mediating host responses 
to microbial components, Toll-like receptor 4 (TLR4) was selected as the primary 
reference receptor for these studies. TLR4 is a well-established LPS sensor that can 
drive systemic endotoxemia and inflammation. TLR4 is expressed in chondrocytes 
(2), osteoblasts (3), and synoviocytes (4), and it has been widely linked to the 
pathology of osteoarthritis (5), and rheumatoid arthritis (6). By focusing on TLR4, 
our computational studies directly address a biologically relevant and clinically 
actionable target within the inflammatory network, ensuring that our binding 
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affinity predictions are tightly aligned with the mechanistic hypotheses of the 
ENDOTARGET project. 

Throughout this process, close collaboration has been maintained with other work 
packages, particularly WP1 and WP4, to align computational findings with 
experimental validations and clinical relevance. Regular technical meetings and 
interdisciplinary discussions have fostered a dynamic exchange of insights, 
allowing for refinement of target selection, ligand libraries, and computational 
parameters. 

The results presented in this deliverable represent an important milestone towards 
the rational design of interventions targeting endotoxemia-driven inflammation. By 
integrating computational predictions with experimental workflows, ENDOTARGET 
continues to build a comprehensive framework for the discovery of biomarkers and 
therapeutics aimed at preventing or mitigating the progression of rheumatoid 
arthritis, spondylarthritis, and osteoarthritis. 

2. METHODS 

2.1. PREPARATION OF MOLECULAR STRUCTURES 
The three-dimensional structures of the proteins of interest were obtained from the 
Protein Data Bank (PDB) https://www.rcsb.org/ when available. In cases where no 
experimental structures were found, predictions generated using the artificial 
intelligence model AlphaFold https://alphafold.ebi.ac.uk were used. All structures 
were processed to remove unwanted molecules, such as ions, solvents, and 
irrelevant ligands, using the structural visualization and editing tools PyMOL 
https://www.pymol.org. 

2.2 PREPARATION FOR MOLECULAR DOCKING 
The structures of the receptors and ligands were prepared for docking using 
Autodock Tools. Polar hydrogens were added, Gasteiger charges were assigned, 
and the PDBQT files required for docking were generated. For the ligands, the 
rotational flexibility of the bonds was adjusted as needed. 

2.3. MOLECULAR DOCKING 
Molecular docking was performed using the EasyDock Vina platform, an interface 
based on AutoDock Vina, which automates docking execution and result collection. 
Grid boxes were defined around the active site or, alternatively, covering the entire 

https://www.rcsb.org/
https://alphafold.ebi.ac.uk/
https://www.pymol.org/
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protein surface for exploratory analyses. AutoDock Vina's default parameters were 
used unless otherwise indicated. The generated protein-ligand complexes were 
subsequently evaluated based on their binding affinity and visually analyzed to 
identify predominant molecular interactions. 

3. RESULTS 

3.1. FREE ENERGY VALUE OF LPS FROM ESCHERICHIA COLI 

O26:B6 BINDING WITH TLR4 

mode affinity (kcal/mol) 
dist from best mode 

rmsd l.b. rmsd u.b. 
1 -5.8 0 0 
2 -5.8 48.813 51.34 
3 -5.8 47.705 50.201 
4 -5.6 1.557 2.529 
5 -5.6 49.704 52.215 
6 -5.4 16.258 18.994 
7 -5.3 47.878 50.097 
8 -5.1 13.076 14.877 
9 -5.1 48.224 50.492 

Table 1. Free energy values of LPS from Escherichia coli O26:B6 binding with TLR4. Summary of the nine 
best results of the molecular docking, showing the different molecular interactions and their values 
together with a final score. Results are sorted from best to worse. 

The performed molecular docking confirmed the interaction between TLR4 and LPS 
from E. coli O26:B6 exhibiting very negative free energies in the different molecular 
interactions presented (Table 1). This interaction energy, and the place where it 
occurs (Figure 1) are going to be considered as reference, since LPS from E. coli has 
been accepted by the consortium as the “pro-inflammatory control” among 
endotoxemia-related LPSs. 
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3.2. FREE ENERGY VALUE OF CANDIDATE REPURPOSED DRUGS 

TO INHIBIT TLR4 RESPONSES WITH TLR4 
3.1.1. Amitriptyline 

mode affinity (kcal/mol) 
dist from best mode 

rmsd l.b. rmsd u.b. 
1 -8.8 0 0 
2 -8.7 0.258 1.823 
3 -8.7 75.165 76.622 
4 -8.6 75.168 76.648 
5 -8.6 76.776 78.297 
6 -8.6 15.432 18.344 
7 -8.6 14.285 16.015 
8 -8.6 12.278 13.991 
9 -8.6 75.775 76.283 

Table 2. Free energy values of amitriptyline binding with TLR4. Summary of the nine best results of the 
molecular docking, showing the different molecular interactions and their values together with a final 
score. Results are sorted from best to worse. 

 

Figure 1. Predicted best result for the molecular docking of TLR4 and LPS from E. coli O26:B6. 
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Amitriptyline has been used in the clinical practice as antidepressant., and it has 
been proposed as a repurposed drug for osteoarthritic TLR4-mediated immune 
responses (1). The predicted binding affinity of amitriptyline and TLR4 is stronger than 
for the control LPS (Table 2), happening in the same receptor pocket (Figure 2).  

3.1.2. Naloxone 

mode affinity (kcal/mol) 
dist from best mode 

rmsd l.b. rmsd u.b. 
1 -7.8 0 0 
2 -7.8 5.555 8.711 
3 -7.7 64.589 68.77 
4 -7.6 37.251 39.362 
5 -7.4 2.222 4.471 
6 -7.4 2.29 5.224 
7 -7.4 42.618 44.651 
8 -7.4 2.587 5.053 
9 -7.4 2.209 4.457 

Table 3. Free energy values of naloxone binding with TLR4. Summary of the nine best results of the 
molecular docking, showing the different molecular interactions and their values together with a final 
score. Results are sorted from best to worse. 

Naloxone has been used as an antidote for opioids intoxications for decades. 
Recently, it has been proposed to treat TLR4-mediated immune responses (7). As it 

Figure 2. Predicted best result for the molecular docking of TLR4 and amitriptyline. 
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happens with amitriptyline, naloxone predicted binding affinity for TLR4 is higher than 
LPS’s (Table 3), happening in the same receptor area (Figure 3). 

 

3.1.3. Thalidomide 

mode affinity (kcal/mol) 
dist from best mode 

rmsd l.b. rmsd u.b. 
1 -7.8 0 0 
2 -7.7 0.158 2.023 
3 -7.7 78.165 79.622 
4 -7.6 78.168 79.648 
5 -7.6 77.776 79.297 
6 -7.6 14.432 17.344 
7 -7.6 13.285 15.015 
8 -7.6 13.278 14.991 
9 -7.6 77.775 79.283 

Table 4. Free energy values of thalidomide binding with TLR4. Summary of the nine best results of the 
molecular docking, showing the different molecular interactions and their values together with a final 
score. Results are sorted from best to worse. 

Thalidomide, previously employed as antiemetic drug, and currently used to treat 
some cancers, has also been proposed to manage immune responses mediated 
by TLR4 in rheumatic diseases (7). As evidenced in Table 4., the energies of the 
predicted binding affinity between thalidomide and TLR4 receptor are quite 

Figure 3. Predicted best result for the molecular docking of TLR4 and naloxone. 
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negative, higher than those for control LPS. The binding site remains the same TLR4 
pocket as in the previous results (Figure 4).  

 

3.3. FREE ENERGY VALUE OF CANDIDATE NATURAL COMPOUNDS 

TO INHIBIT TLR4 RESPONSES WITH TLR4 
3.3.1. Compounds derived from Hyptis pectinata 
Hyptis pectinata is a plant commonly employed in the traditional medicine of South 
America, specifically in Brazil. Its uses for inflammatory pathologies have driven the 
proposal that any of the active compounds derived from this plant could bind to 
TLR4 receptor. Hence, we performed a molecular docking between this receptor and 
three compounds isolated from the plant, being pectinolide J, hyptolide and 
pectinolide E. 

mode affinity (kcal/mol) 
dist from best mode 

rmsd l.b. rmsd u.b. 
1 -8.4 0 0 
2 -7.8 1.669 3.183 
3 -7.7 28.102 31.529 
4 -7.6 44.797 47.299 
5 -7.6 22.715 27.093 
6 -7.6 75.765 79.762 

Figure 4. Predicted best result for the molecular docking of TLR4 and thalidomide. 
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7 -7.6 20.067 24.036 
8 -7.5 74.841 79.229 
9 -7.4 43.658 47.021 

Table 5. Free energy values of pectinolide J binding with TLR4. Summary of the nine best results of the 
molecular docking, showing the different molecular interactions and their values together with a final 
score. Results are sorted from best to worse. 

 

mode affinity (kcal/mol) 
dist from best mode 

rmsd l.b. rmsd u.b. 
1 -7.8 0 0 
2 -7.8 3.141 5.89 
3 -7.3 34.054 36.96 
4 -7.2 37.562 41.012 
5 -7.2 3.551 6.46 
6 -7 32.424 35.802 
7 -7 29.671 33.152 
8 -7 37.902 41.16 
9 -6.9 30.016 33.746 

Table 6. Free energy values of hyptolide binding with TLR4. Summary of the nine best results of the 
molecular docking, showing the different molecular interactions and their values together with a final 
score. Results are sorted from best to worse. 

Figure 5. Predicted best result for the molecular docking of TLR4 and pectinolide J 



16 
 

 

 
 

D3.1 – Values of free energy to predict the potential binding affinity of a given LPS, drug and 
compound to a target receptor. 

 

 

mode affinity (kcal/mol) 
dist from best mode 

rmsd l.b. rmsd u.b. 
1 -6.9 0 0 
2 -6.5 17.988 22.974 
3 -6.5 2.132 6.422 
4 -6.3 33.445 36.316 
5 -6.3 1.999 6.689 
6 -6.3 18.861 23.034 
7 -6.2 80.015 82.536 
8 -6.2 49.691 52.748 
9 -6.1 46.706 50.17 

Table 7. Free energy values of pectinolide E binding with TLR4. Summary of the nine best results of the 
molecular docking, showing the different molecular interactions and their values together with a final 
score. Results are sorted from best to worse. 

 

 

 

 

Figure 6. Predicted best result for the molecular docking of TLR4 and hyptolide 
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2 9761 -2.716 -35.838 64.735 -32.080 
3 164 -21.208 -11.412 9.707 -31.649 
4 621 -12.543 -25.773 81.316 -30.185 
5 2154 -19.775 -13.079 36.503 -29.203 
6 8672 -11.493 -18.650 12.732 -28.870 
7 8171 1.521 -37.182 71.976 -28.463 
8 5027 -6.405 -24.281 31.853 -27.501 
9 6341 -22.029 -10.423 58.914 -26.560 

Table 9. Free energy values of RBP4 binding with TLR4. Summary of the nine best results of the molecular 
docking, showing the different molecular interactions and their values together with a final score. 
Results are sorted from best to worse. 

Retinol binding protein 4 (RBP4) is a hepatokine member of the lipocalin family which 
is characterized by its carrier function of small hydrophobic molecules in the blood. 
In a work within the Endotarget project, it has been proposed as a DAMP linking 
metabolic diseases as fatty-liver and pathologies where joint destruction is present 
(9). It has been proposed that this effect is exerted through interaction with the TLR4 
receptor. As evidenced in Table 9, RBP4-TLR4 interaction exhibited a very negative 
free energy, supporting this proposal. The region of interaction covers the area 
where control LPS interacts with the receptor (Figure 9).  

It is noteworthy that, due to the size of the protein, RBP4-TLR4 interaction could not 
be measured with the same methods as the previous molecules. Aligned with the 
increment in the size is the increment in the interaction surface, and so is the free 
energy values. Thus, RBP4-TLR4 free energies cannot be compared with the other 
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dockings presented in this report. Nonetheless, the data in Table 9 is supportive of a 
RBP4-TLR4 molecular interaction, confirmed in the work by Pazos-Pérez et al (9). 

 
Figure 9. Predicted best result for the molecular docking of TLR4 and RBP4 

4. CRITICAL RISKS 

Inherent to the computational approach and the overall study design, we have 
identified several risks:  

- Model limitations and approximations:  
The docking and free energy prediction methods (e.g., EasyDock Vina and 
related protocols) rely on approximations of molecular interactions. Inherent 
simplifications (fixed receptor conformations, approximated solvation 
models, and limited sampling of ligand flexibility) may result in deviations 
between predicted and experimental binding affinities. 

- Structural data uncertainty: 
The quality of the receptor models is critical. For targets lacking high-
resolution experimental structures, the use of predicted models (e.g., via 
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AlphaFold) may introduce inaccuracies. Errors in receptor structure can 
propagate through docking and affect free energy estimates. 

- Parameter sensitivity: 
Variability in key input parameters—such as grid box definitions, choice of 
scoring functions, and protonation states—can lead to significant differences 
in the predicted binding energies. This sensitivity may limit the reproducibility 
of the results across different computational settings. 

- Interpretation of binding affinity values: 
Despite the free energy values providing a ranking of potential ligands, the 
direct correlation with inhibitory efficacy is not always linear. The risk exists 
that molecules predicted to have favorable binding free energies may not 
translate into expected biological or clinical activity due to factors not 
captured in silico (e.g., cell permeability, metabolism, or off-target effects). 

- Translational risk: 
The reliance on computational predictions carries the risk that the identified 
candidate inhibitors may not be confirmed upon experimental validation. This 
could delay progress in identifying clinically translatable compounds and 
require subsequent iterative improvements in the computational workflows. 

- Data integration and heterogeneity: 
Integrating predictions across a diverse set of compounds (LPS, repurposed 
drugs, natural compounds, and peptides) may be challenging. Differences in 
molecular size, flexibility, and chemical properties can affect the 
comparability of free energy values, increasing the risk of misinterpretation 
when directly comparing results across disparate ligand classes. 

5. DISCUSSION 

The results of Deliverable 3.1 provide a comprehensive computational analysis of 
binding affinities between TLR4 and a range of compounds—including LPS from E. 
coli, repurposed drugs (e.g., amitriptyline, naloxone, thalidomide), natural 
compounds from Hyptis pectinata, and other candidate molecules such as RBP4.  

The established workflows for molecular docking and free energy estimation have 
enabled the systematic screening of compounds against TLR4. The consistent 
appearance of negative free energy values across multiple docking modes 
supports the notion that these interactions are energetically favorable. The use of 
LPS from E. coli O26:B6 as a pro-inflammatory control has provided a reliable 




