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Abstract 

Introduction: Acinetobacter baumannii is a multidrug-resistant pathogen from the ESKAPE 

group, associated with nosocomial infections. Its resistance to multiple antibiotics poses a 

global threat. The QACE protein, an efflux pump, has been identified as a key resistance 

mechanism, making it a promising target for the development of new antibacterial agents. 

Objective: To identify low molecular weight compounds derived from natural products 

with potential inhibitory activity against the QACE protein, using virtual screening and 

molecular docking studies. Materials and Methods: The three-dimensional structure of 

QACE was retrieved from AlphaFold, followed by energy minimization and assignment 

of Kollman-type charges. Ligand screening was performed using the BioMX database 

through structural similarity analysis (Tanimoto coefficient ≥ 0.85), using ciprofloxacin as 

the reference compound. Selected molecules were evaluated using SwissADME to predict 

their pharmacokinetic properties, and three candidates with favorable profiles were cho-

sen. Molecular docking studies were then performed using AutoDock 4 to estimate bind-

ing affinities. Results: Voacangine was the compound with the highest structural similar-

ity, strongest binding affinity to QACE (ΔG = −6.2 kcal/mol; Ki = 28.51 μM), and stable 

molecular interactions including hydrogen bonds and π-stacking. It showed favorable 

tissue distribution, low potential for CYP3A4 inhibition, and minimal predicted cardio-

toxicity (hERG channel blockade). Conclusion: Voacangine emerges as a promising can-

didate for inhibiting the QACE efflux pump in Acinetobacter baumannii. This study high-

lights the value of computer-aided drug design as an effective strategy in the search for 

new treatments against multidrug-resistant bacteria. 
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1. Introduction 

Antimicrobial resistance has been recognized for decades as a global public health 

problem, not only because of the high mortality associated with multidrug-resistant bac-

teria, but also due to the growing economic burden it places on healthcare systems world-

wide [1]. 
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As part of the identification of the magnitude of this problem, the World Health Or-

ganization (WHO) and the Center for Disease Control (CDC) declared the “post-antibiotic 

era” through various articles in which they invited all those directly and indirectly in-

volved to raise awareness about this growing problem [2]. 

Building on these warnings, projections published since 2014 estimate that, without 

urgent action, antimicrobial resistance could cause up to 10 million deaths annually by 

2050 in both developed and developing countries [3]. 

Despite efforts in the design, discovery, and development of new antibiotics, the suc-

cess rate in finding new molecular entities capable of attacking the problem has been very 

low [4]. 

Such that, by 2024, only two new molecular entities (sulopenem/etzadroxil and 

ceftobiprole/medocaril) were approved for clinical use, and only one new molecular entity 

(gepotidacin) has been approved so far in 2025 [5]. 

It is surprising to see how bacteria have developed the ability to generate different 

molecular mechanisms, including proteins that have been modified [6], proteins that hy-

drolyze or modify antibiotics [7], or those that surprisingly and to the amazement of the 

scientific community, behave like true efflux pumps, that is, they “expel” antibiotics from 

the inside of the bacteria that possess them to the extracellular part and change the per-

meability of the bacterial membrane [8]. 

Based on the need to identify the microorganisms that cause infections with different 

characteristics in terms of severity, but with the common denominator of antimicrobial 

resistance, grouped under the well-known concept of the ESKAPE pathogens [9] where, 

Acinetobacter baumannii is one of the most concerning microorganisms. 

Acinetobacter baumannii is a multidrug-resistant bacterium belonging to the ESKAPE 

group, which has been associated with increased mortality in people who have suffered 

an infection caused by this microorganism. Antibacterial management has been compli-

cated by its broad spectrum of resistance, including to carbapenems and colistin [10]. 

Acinetobacter baumannii infections have become a priority in the fight against multi-

resistant pathogens, because mortality from infections such as sepsis, pneumonia, wound 

infections and genitourinary tract infections has increased from 30% to 70% due to multi-

resistant strains based on the most recent reports [11]. 

Based on the current situation, it is necessary to search for, analyze, and, if appropri-

ate, propose new chemical entities to combat antimicrobial resistance, specifically against 

Acinetobacter baumannii, a multidrug-resistant bacterium whose infections are considered 

of urgent and priority importance among the main public health problems worldwide. 

Therefore, this study focuses on the in silico identification of natural product-derived 

compounds targeting the QACE efflux pump of Acinetobacter baumannii, aiming to con-

tribute to the development of potential therapeutic alternatives. 

2. Materials and Methods 

2.1. Molecular Target Selection 

Among the pharmacological targets of Acinetobacter baumannii, we find almost all 

types shared by gram-negative microorganisms. Thus, this microorganism has been com-

bated by inhibiting the synthesis of its proteins or by inhibiting the replication of its ge-

netic material. 

It is important to highlight that the intention of having new low-molecular-weight 

chemical compounds should be through the exploration of new pharmacological targets 

that could help combat this infection. 

Now, we know that we can do so by inhibiting new pharmacological targets, such as 

its proteins, which are responsible for providing resistance to known conventional drugs. 
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In addition to the above, Acinetobacter baumannii has several mechanisms of resistance 

to antibacterial agents, with efflux pumps being the most attractive for curbing its viru-

lence, for example, the QACE protein (Figure 1), an efflux pump belonging to the QAC 

family of implicated in multiantibacterial resistance, was selected as a therapeutic target 

[12]. 

 

Figure 1. Alphafold predicted crystallographic structure (AF-N9L2Q2-F1-v4), of the QACE receptor 

from Acinetobacter baumannii. 

The amino acid sequence was located in the UniProt database (code N9L2Q2), and 

the predicted three-dimensional structure was obtained using artificial intelligence in Al-

phafold DB (AF-N9L2Q2-F1-v4) [12]. 

2.2. Virtual Screening 

A search was conducted for low-molecular-weight compounds with reported anti-

bacterial activity against similar efflux pumps (QAC type) in the ChEMBL database [13]. 

One hundred and ten compounds were analyzed with minimum inhibitory concen-

tration (MIC) values using the DataWarrior software [14]. 

Subsequently, a structural similarity filter using the Tanimoto coefficient (0.5–0.9) 

was applied using the BioMX Database (from the DIFACQUIM group, UNAM) [15] to 

identify analogs derived from natural products. 

2.3. Prediction of Pharmacokinetic Properties 

Then, the selected compounds were evaluated using the SwissADME tool [16], con-

sidering parameters such as: LogP, intestinal absorption, Caco-2 permeability, CYP3A4 

metabolism, elimination and cardiac toxicity (hERG blockade). 

The compound Voacangina was selected as the candidate with the best pharmacoki-

netic profile. 

2.4. Molecular Docking Studies 

2.4.1. Ligand Preparation 

The chemical structures obtained from BioMX Database were modelled as 2D struc-

tures using the ChemBio Ultra 12.0 software and converted into 3D structures in MDL 

format with their protonated states at pH = 7.4 [17]. 

The geometries of the compounds were calculated using the molecular mechanics 

force field (MMFF) in Spartan 14 [18], finally, using Autodock Tools [19], the ligands were 

prepared by inserting polar hydrogens and Gasteiger charges in them as well as rotatable 

(i.e., single) bonds that were assigned by default, and a PDBQT file was generated. 

2.4.2. Receptor Preparation 

The X-ray coordinates of p53, p58, p38, and JNK1 were retrieved from Alphafold un-

der the following code: AF-N9L2Q2-F1-v4, and the final preparation and minimization of 



Chem. Proc. 2025, x, x FOR PEER REVIEW 4 of 8 
 

 

the receptor structures was carried out by deploying the DockPrep module of Chimera 

1.15 software using the AMBER-ff14SB force field. Lastly, Kollman charges were added to 

the obtained structure using Autodock Tools, and a PDBQT file was generated. 

2.4.3. Docking Calculations 

The calculations corresponded to a rigid, blind type of molecule, carried out in Au-

todock4 using the Lamarckian genetic algorithm [20]. We used grid maps with 120 120 

120 points in the active site of the receptor with the specific coordinates for each receptor 

as follows: x = −3.324, y = −0.274 and z = −0.272 and, a grid-point spacing of 0.375 Å was 

applied. AD4.dat parameters were applied to all the ligands. 

The parameters used were 100 runs, a population size of 150, and a run-termination 

criterion of a maximum of 27,000,000 generations or a maximum of 250,000 energy evalu-

ations. The visualization and analysis of the nonbonded interactions of the ligand-receptor 

interactions were visualized and analyzed using Discovery Studio Visualizer [21]. 

3. Results and Discussion 

3.1. Molecular Target Selection 

Based on the latest reports on the genomic landscape of Acinetobacter baumannii, we 

know that some of the genes that have a greater implication in multidrug resistance are 

those related to efflux pumps, where the most representative are those derived from the 

QAC gene (Quaternary ammonium compound-resistance protein) [22] for which there is 

no low molecular weight compound that is used clinically and/or in any clinical phase of 

the development of a new drug. 

However, there is information on compounds for which we know their biological 

activity, specifically their minimum inhibitory concentration (MIC). 

The first approach was to identify the QAC efflux pump gene in the Uniprot database 

[23]. This was followed by a selection of this gene, specifically expressed in Acinetobacter 

baumannii, from which the Uniprot code N9L2Q2 was obtained. 

Next, a search for the crystallographic structure was carried out within the descrip-

tive information of the receptor within the same Uniprot database. It was found that this 

efflux pump only has the amino acid sequence; however, the structure has not been ob-

tained by X-ray or by new technologies such as Cryo-Electron Microscopy or Nuclear 

Magnetic Resonance. 

3.2. Virtual Screening 

At the same time, a structure-based search was performed within the ChEMBL data-

base [13] to identify low-molecular-weight compounds that had been tested for this re-

ceptor. However, only a set of 110 low-molecular-weight compounds with experimental 

MIC measurements were found against a Staphylococcus aureus efflux pump expressed 

by the QACB gene. 

After analysis using DataWarrior [14], the top 10 low-molecular-weight compounds 

with the lowest MICs were selected, the drugs being presented in Figure 2. 

Once the compounds with the best MIC were identified, a structural similarity search 

was conducted based on the Tanimoto coefficient, with a coefficient range of 0.5 to 0.9, in 

the BioMX database, belonging to the DIFACQUIM research group of the Faculty of 

Chemistry at the National Autonomous University of Mexico. 

The search was carried out on a set of 605 low-molecular-weight compounds charac-

terized and validated for their basic physicochemical characteristics. 

Finally, the first three low-molecular-weight compounds with the best Tanimoto co-

efficients were selected from the search, as shown in Figure 3. 



Chem. Proc. 2025, x, x FOR PEER REVIEW 5 of 8 
 

 

 

Figure 2. Low molecular weight compounds identified in ChEMBL with the best MIC against the 

QACB receptor. 

 

Figure 3. 3D schematic representation of the compounds from natural products with the best Tan-

imoto coefficient from the chemical similarity search based on the compounds in Figure 2. 

3.3. Prediction of Pharmacokinetic Properties 

Subsequently, the prediction of the pharmacokinetic properties of the three com-

pounds was carried out in SwissADME, under the Swiss Drug Design platform and the 

main parameters are shown in Table 1 below. 

Table 1. Prediction of the pharmacokinetic properties of low molecular weight compounds found 

in the BioMX database. 

 

After analyzing all the pharmacokinetic parameters, the compound with the best pro-

file is Voacangin, due to its good absorption capacity. Furthermore, its volume of 

Compound 

Physicochemical 

properties 
Absorption Distribution Metabolism Excretion Toxicity 

Molecular 

weight  

(g/mol) 

LogP 
Permeability 

Caco-2 

Estimated 

distribution 

volume 

Metabolism 

by CYP3A4 

Cleareance 

(mL/min) 

hERG 

blocker 
Hepatotoxicicity Nephrotocicity 

Voacangine 368.47 3.30 -4.913 3.26 + 9.83 0.673 0.62 0.77 

Malbrancheamide 403.12 3.54 -4.946 1.705 +++ 5.86 0.398 0.80 0.91 

Notoamide 447.22 2.23 -5.221 2.48 +++ 4.28 0.107 0.81 0.95 
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distribution is the highest among the three compounds, indicating that it can reach tissues 

more easily. Another advantage is that it is moderately metabolized by the CYP3A4 en-

zyme, which reduces the risk of rapid degradation or interaction with other medications. 

It also has the highest clearance rate, which helps it be eliminated from the body 

without accumulating. Regarding toxicity, although it is not the least toxic, its liver and 

kidney values are still acceptable, and its potential to cause cardiac problems due to hERG 

channel blockade is relatively low. 

Overall, Voacangin demonstrates a very interesting balance between efficacy and 

safety, making it a promising option for further investigation. 

3.4. Molecular Docking Studies 

Figure 4 schematically shows the interactions between Voacangin and the QACE re-

ceptor of Acinetobacter baumannii, with an interaction free energy (ΔG) of −6.2 kcal/mol and 

an affinity constant (ki) of 28.51 μM. 

The formation of a hydrogen bond between the available hydrogen atom of the pyr-

role ring and serine 104 is noteworthy, in addition to other noncovalent interactions such 

as the pi-hydrophobic interactions between the indole system and Lys105. 

 

Figure 4. Molecular ligand-receptor interactions between Vocoangine and QACE protein of Acineto-

bacter baumannii. 

Although we do not know the vulnerable site of the QACE receptor, we can say that 

it is a good start to explore the different modes of interaction of low molecular weight 

compounds with receptors of this type, which need to be explored to increase the number 

of possibilities of having more and better compounds with this type of biological activity. 

4. Conclusions 

This study identified voacangine as a natural product-derived compound with a fa-

vorable pharmacokinetic profile, low predicted toxicity, and significant binding affinity 

for the QACE protein of Acinetobacter baumannii. 

These findings shows the usefulness of in silico approaches, such as virtual screening 

and molecular docking, in the strategic search for novel bioactive entities against priority 

pathogens, and lay the groundwork for future in vitro and in vivo validations to confirm 

its efficacy and safety. 

Author Contributions:  

Funding:  

Institutional Review Board Statement:  



Chem. Proc. 2025, x, x FOR PEER REVIEW 7 of 8 
 

 

Informed Consent Statement:  

Data Availability Statement:  

Acknowledgments: We would like to thank Julieta de la Vega Calderón, Technical Research Coor-

dinator at the School of Medicine of the Faculty of Health Sciences at the Vasco de Quiroga Univer-

sity, for the facilities and support received for this work. 

Conflicts of Interest: The authors declare no conflicts of interest. 

Abbreviations 

The following abbreviations are used in this manuscript: 

ADME Absorption, Distribution, Metabolism, Excretion 

CDC Centers for Disease Control and Prevention 

ChEMBL Chemical database of bioactive drug-like molecules 

CYP3A4 Cytochrome P450 3A4 

hERG human Ether-à-go-go-Related Gene 

ki Inhibition constant 

LogP Octanol-water partition coefficient 

MDL Molecular Design Limited (chemical file format) 

MIC Minimum Inhibitory Concentration 

MMFF Merck Molecular Force Field 

NMR Nuclear Magnetic Resonance 

PDBQT Protein Data Bank, Quaternion, Torsional degrees of freedom 

QAC Quaternary Ammonium Compound-resistance protein 

QACE Quaternary Ammonium Compound-resistance Efflux protein 

WHO World Health Organization 
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