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In silico screening of flavonoids targeting chromosomal 

replication initiator protein as a molecular target for new 

antibiotics in Shigella dysenteriae. 

Cribado in silico de flavonoides dirigidos a la proteína iniciadora de la replicación 
cromosómica como diana molecular para nuevos antibióticos en Shigella dysenteriae. 

Mohammed Al-Khayyat*1 e

Highlights 

• In silico screening identifies flavonoids targeting DnaA in multidrug-resistant S higella dysenteriae.
• Corylin, a natural flavonoid, demonstrates high binding affirúty to the DnaA protein in Shigella dysenteriae and shows potencial as a lead

compound for the development of new antibiotics.
• In silico ADMET predictions guide the selection of safe and effective drug candidates.
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ABSTRACT 

Introduction. The bacteria! chromosomal replication irútiator protein, DnaA, plays an 
essential role in the bacteria! cell cycle, making it a promising target for the development 
of new antibiotics. Objective. To identify flavonoids with potencial to bind and inhibit 
DnaA through in silico screerúng. Materials and Methods. The DnaA sequence from Shi­
gella dysenteriae was retrieved from the U rúProt data base. A homology model of DnaA was 
generated using SWISS-MODEL, a widely used and fully automated protein homology 
modeling server. Model accuracy was assessed using ERRAT, PROCHECK, and Mol­
probity. The refined model, obtained through the GalaxyWEB server, was then utilized 
in molecular docking experiments with a library of 300 flavonoids. The pharmacokinetic 
properties of the top-scoring compound, Corylin, were predicted using admetSAR 2.0. 
Results. Virtual screening of 300 flavonoids using AutoDock Vina software identified 
Corylin as a top-scoring ligand with a binding affirúty superior to that of ADP. Molecular 
docking analysis revealed key interactions between Corylin and DnaA, including hydrogen 
bonds with residues T179, R236 y R334

, as well as hydrophobic interactions with residues 
F141, T174

, G17s, G177
, K178

, H180 e pos . Discussion. Corylin is predicted to be absorbed in 
the gastrointestinal tract and does not appear to inhibit the Orgarúc Cation Transporter 
2 (OCT2). However, it may potentially inhibit the function of human cytochrome P450 
enzymes. Conclusions. Preliminary in silico screening identifies Corylin as a potencial lead 
compound for DnaA inhibition, warranting further investigation and validation in vitro 
and in vivo for its potencial as an antimicrobial agent. 

RESUMEN 

Introducción. La proteína DnaA, irúciadora de la replicación cromosómica bacteriana, 
desempeña un papel fundamental en el ciclo celular, convirtiéndola en un objetivo pro­
metedor para el desarrollo de nuevos antibióticos. Objetivo. Identificar flavonoides con 
potencial para unirse e inhibir DnaA mediante cribado in silico. Materiales y Métodos. 
La secuencia de DnaA de Shigella dysenteriae se obtuvo de la base de datos UrúProt. Se 
generó un modelo de homología de DnaA utilizando SWISS-MODEL. La precisión del 
modelo se evaluó utilizando ERRAT, PROCHECK y Molprobity. El modelo refinado se 
utilizó en experimentos de acoplamiento molecular con una biblioteca de 300 flavonoides. 
Las propiedades farmacocinéticas se predijeron utilizando admetSAR 2.0. Resultados. El 
cribado virtual de 300 flavonoides identificó el flavonoide Corylin como un ligando de alta 
puntuación con una afirúdad de urúón superior a la del ADP. El análisis de acoplamiento 
molecular reveló interacciones clave entre el Corylin y el DnaA, incluyendo puentes de 
hidrógeno con los residuos T179

, R236 y R334, así como interacciones hidrofóbicas con los 
residuos F141

, T174
, G17s, G177

, K178
, H180 e pos_ Discusión. Se predice que el Corylin se 

absorbe en el tracto gastrointestinal y no parece inhibir el Transportador de Cationes 
Orgárúcos 2 (OCT2). Sin embargo, podría inhibir potencialmente la función de las en­
zimas del citocromo P450 humano. Conclusiones. El cribado in silico identifica al Corylin 
como un posible compuesto líder para la inhibición de DnaA, lo que justifica una mayor 
investigación y validación in vitro e in vivo por su potencial como agente antimicrobiano. 
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INTRODUCTION 

The World Health Organization has highlighted the global crisis of widespread bacteria! resistance to 

antibiotics, prompting the development of innovative strategies for new antimicrobial discovery<1l. Shigella

infections, a leading cause of mortality worldwide, pose a significant threat due to the emergence of multi­

drug resistant strains, underscoring the urgent need for novel antibiotics with distinct molecular targets <1J.

Plavonoids, a class of natural compounds found in plants, have shown promise in combating microbial 

infections caused by resistant organisms. Por instance, fl.avones have demonstrated inhibitory activity against 

common wound pathogens in diabetic patients, including Escherichia coli, Klebsiella pneumoniae, and Pseudomonas 

aeruginosd-2
• 

3)_ Purthermore, Zhang et al., <4l suggested that Epigallocatechin Gallate (EGCG), a polyphenol

found in tea, could potentially inhibit the growth of the gastrointestinal pathogen Shigella j!exneri. These 

findings highlight the potencial of phytochemicals as a valuable resource for the development of new 

antibiotics<5, 6l.

Molecular docking, an in-silico approach widely used in drug discovery, enables the rapid screening of vast 

libraries of compounds to identify those that interact specifically with a target enzyme or protein(7). Por

instance, Ye et al.,<8) employed QSAR and docking techniques to identify sigmacidins, benzoic acid-derived

antimicrobial compounds capable of inhibiting streptococci by binding to the RNA polymerase cr factor. 

Similarly, Hosen et al., <9) utilized iGEMDOCK software to identify glycoside derivatives with potencial

inhibitory activity against the YkuD L, D-transpeptidase protein (PDB ID: 4A1J) from Bacillus subtilis. Al­

Khayyat<10l further demonstrated the utility of molecular docking by screening 50 DrugBank compounds

against a kinase from the isoprenoid pathway in Salmonella ryphimurium using AutoDock Vina. Additionally, 

Al-Khayyat<11J employed this approach to screen phytochemicals, including Amentofl.avone, for their potencial

inhibition of chorismate synthase, a key enzyme in the shikimate pathway and a promising antimicrobial 

target. 

Proteins involved in bacterial division machinery, such as the DNA replication initiator protein DnaA, 

represent promising targets for the development of novel antibiotics. While existing antibiotics like 

fl.uoroquinolones target type IIA topoisomerases<12l , Dna.A's dual function as an ATPase and transcriptional

regulator, crucial for initiating chromosome replication at the oriC locus<13, 14), presents a unique therapeutic

opportunity. This study investigates the potencial of fl.avonoids as DnaA inhibitors in Shigella tfysenteriae, with 

the aim of discovering new lead compounds for antimicrobial development." 

MATERIALS AND METHODS 

Sequence retrieval and binding site predictions 

The sequence of the chromosomal replication initiator protein, DnaA (UniProt ID: Q329B6) from Shigella 

tfysenteriae, was retrieved from the UniProt database (https:/ /www.uniprot.org/uniprotkb). Binding site pre­

dictions were performed using the IntPOLD server (https://www.reading.ac.uk/bioinf/IntPOLD/)<15l to

identify potencial key amino acid residues involved in ligand binding. 

Homology Modeling and Validation tests 

A homology model of the DnaA protein was generated using SWISS-MODEL (https://swissmodel.ex­

pasy.org/)<16l without magnesium ions. The model was refined using the GalaxyWEB server (https:/ / galaxy.

seoklab.org/)<17l, which optimizes the backbone and side chains by rebuilding loops and terminal segments.

Model quality was assessed using the SAVES server (https://saves.mbi.ucla.edu/), specifically the ERRAT 
<18) and PROCHECK<19J tools, which evaluate structural errors and stereochemical quality, respectively. The
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