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Abstract 
Numerous multidisciplinary strategies aimed at expediting and reducing the cost of drug development have captured the interest 

of researchers. The primary objectives of this study involve the identification of target proteins and the selection of a lead drug 

for combating the Marburg Virus. In pursuit of these goals, the VP35 pharmacological target (PDB ID: 4gh9) was discerned 

through a comprehensive literature review. The three-dimensional structure was obtained from the Protein Data Bank. Utilizing 

Auto Dock Vina within Pyrx, druggable flavonoids were subjected to molecular docking. The interactions between these 

chemical compounds and their respective target proteins were scrutinized employing BIOVIA Discovery Studio. Furthermore, 

the stability of protein-inhibitor complexes in a physiological milieu was assessed through Molecular Dynamics Simulation 

(MD simulation) using Desmond. Our investigation reveals that the primary compounds CID969516 and CID5280445 exhibit 

inhibitory effects, thereby impeding the functionality of the virus. This discovery holds significant implications for broader 

research efforts and may culminate in the development of novel medications. The adept repurposing of these chemicals has 

demonstrated efficiency as inhibitors, accompanied by a reduction in adverse effects and heightened efficacy.  
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1. Introduction 

The Marburg virus is a lethal zoonotic infectious agent 

known to cause Marburg virus disease (MVD), with a 

mortality ratio of 88% [1]. Belonging to the 

Filoviridae family, Marburg virus induces 

hemorrhagic fever in both primates and other non-

primates. Bats of the African and Egyptian rousette 

species serve as the reservoir hosts for the Marburg 

virus [2]. The virus has experienced outbreaks in 

various regions, including Guinea, Uganda, Africa, 

USA, Netherlands, Germany, Soviet Union, and 

Kenya [3]. Characterized as negative-sense, 

filamentous, and snail-like in structure, the Marburg 

virus exhibits a rod or six-shaped appearance [4]. 

Transmission of the virus from one individual to 

others occurs through direct contact with bodily fluids 

such as blood, tears, serum, and breast milk [5]. The 

incubation period for Marburg virus infection ranges 

from 2 to 15 days [6]. The Marburg virus genome 

encodes seven structures of proteins, known as ORF 

(open reading frame) structures. These viral proteins 

include VP24, VP-30, VP-35, VP-40, Glycoprotein, 

Large protein, and Nucleoprotein [7] VP24, produced 

from six genes, plays a crucial role in the assembly of 

viral particles during infections [8.] VP24 is involved 

both before and after replication but does not impact 

genome replication. VP30 proteins, akin to VP30 in 

the Ebola Virus, play a major role in transcription [9]. 

VP35 acts as an interferon (IFN) antagonist, impeding 

antiviral protein activity and is vital in blocking host 

antiviral responses [10]. VP40 is involved in virion 

synthesis and slows down gene expression [11]. The 

Glycoprotein (GP) presents a single surface that 

functions as an immune evasion mechanism [12]. 

Nucleoprotein (NP) plays a significant role in budding 

and transcription and serves as the central protein 

pivot for the virus.[13] The Large Protein (LP) is the 

focal point of the polymerase complex, exhibiting 

enzymatic characteristics during viral replication [14]. 

The viral protein VP35 is indispensable for several 

crucial processes in the Marburg virus life cycle. It 

plays a key role in the assembly of the nucleocapsid, 

facilitates virus replication, and is involved in the 
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transcription of the viral genome. Beyond these 

functions, VP35 assumes a critical role in 

immunosuppressing the host. VP35's significance 

extends to its ability to bind to viral double-stranded 

RNA (dsRNA), resulting in the antagonism of the type 

I interferon (IFN) response [13]. This binding event 

inhibits the phosphorylation and activation of 

interferon regulatory factor 3 (IRF-3) and suppresses 

RNA silencing mechanisms. Moreover, the 

interaction with dsRNA serves to conceal VP35 from 

host factors, likely preventing its degradation. 

Notably, VP35 has garnered attention as a potential 

drug target for Marburg virus (MARV), supported by 

various studies demonstrating its effectiveness in 

treating Ebola virus infections [14]. The multifaceted 

roles of VP35 in the viral life cycle and its 

immunomodulatory functions underscore its 

significance as a potential therapeutic target for 

antiviral drug development. The increasing popularity 

of natural remedies for the treatment of brain disorders 

worldwide is attributed to their lack of negative side 

effects. These compounds, originating from the 

flavonoid class, play diverse roles in various 

biological processes. Flavonoids, characterized as low 

molecular weight phenolic compounds, are gaining 

recognition due to their broad spectrum of health 

benefits. They exhibit a range of biological properties, 

including neuroprotective effects, making them 

valuable in nutraceutical, pharmaceutical, medicinal, 

and cosmetic applications. The versatility of 

flavonoids and their positive impact on neurological 

health contribute to their growing popularity as natural 

agents for therapeutic interventions. 

This study employed computational methodologies to 

discern potential compounds with anti-Marburg 

activity. Natural compounds were subjected to virtual 

screening to evaluate their efficacy against the target 

protein, VP35 from the Marburg virus. The resulting 

docked complexes underwent comprehensive 

analysis, incorporating considerations of binding 

energies and interactions to identify the most 

promising candidates. Subsequently, selected 

compounds underwent molecular dynamics 

simulations, with myricetin serving as the control in a 

comparative study. Additionally, the MM/GBSA 

technique was applied to determine the free binding 

energies of the selected compounds. Cumulatively, 

these findings illuminate promising candidates 

capable of effectively targeting VP35 of the Marburg 

virus, presenting encouraging prospects for the 

development of therapeutic interventions against this 

disease. 

 

2. Materials and Methods 

2.1. Target retrieval from RCSB PDB and preparation 

 

Utilizing the distinctive Protein Data Bank (PDB) 

identifier 4gh9 for the VP35 protein of the Marburg 

virus, three-dimensional structures of the targeted 

proteins were procured from the RCSB PDB. The 

Protein Data Bank serves as a versatile online 

repository encompassing a myriad of 

macromolecules, including proteins, DNA, and RNA, 

rendering it an invaluable resource [15,16]. 

Employing MODELLER, loop refinement techniques 

were applied to enhance the precision of the protein 

structures. Subsequently, crystal structures of the 

proteins underwent optimization and minimization 

procedures through RAMPAGE and Swiss PDB 

Viewer. The assessment of the protein structure 

quality was conducted, with RAMPAGE generating a 

Ramachandran Plot that exhibited a lack of 

discrepancies. This plot not only affirmed the 

structural integrity but also delineated the amino acid 

residues situated within the preferred, permitted, or 

outlier zones, furnishing additional insights. 

Moreover, binding sites on the protein targets were 

forecasted using CASTp (Computed Atlas of Surface 

Topography of Proteins) 3.0. CASTp, recognized for 

its reliability, presents a comprehensive method for 

scrutinizing and quantifying protein surface 

topography, thereby facilitating the identification of 

potential binding sites [17-20]. 

 

2.2. Molecular Docking 

 

From the available literature, a substantial selection of 

pharmacologically relevant flavonoids was 

meticulously chosen. Employing Auto Dock Vina, a 

sophisticated molecular docking program [21, 22], we 

subjected these chosen compounds to a meticulous 

screening process. This involved docking the selected 

compounds with specific protein receptors to 

scrutinize and quantify their interactions, as well as to 

evaluate their binding affinities with the designated 

target proteins. To facilitate this assessment, PyMOL 

was utilized to generate complex files that 

encompassed both the receptor and ligand structures. 

Subsequently, BIOVIA Discovery Studio was 

employed for the comprehensive analysis and 

visualization of two-dimensional protein-ligand 

interactions. This analytical approach not only shed 

light on the intricate interplay between the compounds 

and the receptor proteins but also enhanced our 

understanding of the nuanced dynamics governing 

these interactions [23, 24]. 

 

2.3. Lead Identification 

 

An exhaustive ADMET (Absorption, Distribution, 

Metabolism, Excretion, and Toxicity) analysis of the 

selected medications was conducted using the 



  COMPUTER-AIDED DESIGN OF LEAD FLAVONOID COMPOUNDS TARGETING... 

__________________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 67 No. 10 (2024) 

51 

Qikprop methodology. This approach streamlined the 

evaluation of a diverse array of pharmacokinetic and 

pharmacodynamic properties associated with the 

compounds, aiding in the determination of their 

viability as potential therapeutic candidates. Within 

this comprehensive analysis, a specific chemical 

entity emerged, exhibiting intriguing characteristics 

when juxtaposed with docking binding affinity data 

and the outcomes of the ADMET investigation. To 

substantiate the binding and stability of this identified 

molecule with the target protein within a 

physiologically relevant context, we extended our 

investigations through additional biophysical and 

biochemical experiments. These endeavours provided 

valuable insights into the compound's therapeutic 

potential and its efficacy in interacting with the target 

protein under conditions that closely mimic the 

biochemical milieu of the human body. The 

amalgamation of binding affinity, ADMET analysis, 

and extensive experimental validations contributes to 

a more nuanced understanding of the compound's 

promise as a therapeutic option. 

 

2.4. Molecular Dynamics Simulation 

A comprehensive exploration of the dynamic behavior 

of the molecular system was undertaken through 100 

nanosecond molecular dynamics simulations, 

employing the Desmond program. This in-depth 

analysis delved into the intricate movements and 

interactions of individual atoms over a specified time 

frame, elucidating the ligand-binding behavior within 

the active site of the target protein. The initiation of 

molecular dynamics (MD) simulations followed a 

crucial preliminary step—protein-ligand docking, 

which provided an initial static depiction of the 

ligand's binding within the target protein. To refine 

and optimize the ligand-receptor combination, 

Maestro's Protein Preparation Wizard was deployed, 

addressing system intricacies and rectifying any 

missing residues. The System Builder tool facilitated 

the holistic construction of the entire system. The 

OPLS_2005 force field and the TIP3P (Intermolecular 

Interaction Potential 3 Points Transferable) fluid 

model were employed, maintaining the temperature at 

310 K and the pressure at 1 atm. A sodium chloride 

concentration of 0.15 M was simulated, with 

neutralizing ions incorporated to ensure system 

neutrality, mimicking physiological conditions. The 

models underwent initial equilibration, with frequent 

checkpoints for evaluation established, capturing data 

at 100 ps intervals, before the commencement of the 

modeling itself [29, 30]. This dynamic modeling 

technique not only enables the observation of 

interactions and changes between molecules over time 

but also furnishes a profound understanding of how 

the system functions within a dynamic and fluid 

environment [25-28]. 

 

3. Results and Discussion 

The three-dimensional structure of the receptor was 

derived from the Protein Data Bank (PDB). The VP35 

protein, with a molecular weight of 65.36 kilodaltons, 

exhibits an asymmetric-C1 symmetry, signifying a 

lack of rotational symmetry. The VP35 complex 

demonstrates a hetero 3-mer stoichiometry, composed 

of three unique subunits identified as A1, B1, and C1. 

In simpler terms, this information conveys that the 

VP35 protein possesses a specific total weight, and its 

3D structure is sourced from a database. The absence 

of rotational symmetry implies that its structural 

elements lack repetition or symmetry, and the protein 

forms a complex with three distinct subunits, 

designated as A1, B1, and C1. This detailed 

characterization is crucial for a comprehensive 

understanding of the VP35 protein's structural 

attributes. 

 

 

The depicted image encapsulates the final protein 

structure post-loop reduction and optimization, 

accentuating the predicted binding site. Remarkably, 

the structure exhibits a remarkable conformity to 

desired structural norms, boasting an exceptional 

overall quality score of 99%. In essence, Figure 1 serves 

as a visual representation of the three-dimensional 

configuration of a protein sourced from PDB entry 

4gh9. The highlighted region in the image delineates the 

section of the protein anticipated to engage with other 

molecules, showcasing the structural outcome 

following loop modifications and minimization. With a 

precision rate of 99%, the construction attains an 

exceedingly high level of quality, aligning seamlessly 

with the sought-after structural attributes—a facet 

particularly pertinent for researchers investigating the 

protein's function and potential interactions.  

Table 1 elucidates the binding affinities and ADMET 

analyses for the top 5 leads. Notably, compounds 

CID969516 and CID5280445 emerge as the most potent 

for the protein target post-lead identification. Figure 2 

provides a visual representation of the two-dimensional 

Figure 1: This figure illustrates the three-dimensional structure 

of a protein obtained from the Protein Data Bank under the entry 

4gh9.  
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interactions of these high-performing compounds. 

Offering a comprehensive overview of the key 

compounds' characteristics, Table 1 serves as a valuable 

resource. To delve deeper into the understanding of 

these intriguing chemicals, a 100-nanosecond 

molecular dynamics (MD) simulation was conducted 

for the protein targets in conjunction with the most 

efficacious compounds. The MD trajectories underwent 

rigorous analyses, encompassing evaluations of protein-

ligand interactions and parameters such as root mean 

square deviation (RMSD) and root mean square 

fluctuation (RMSF). AutoDock Vina facilitated 

docking investigations for the top hits. In tandem, an 

ADMET research initiative, employing tools like 

QikProp and pkCSM, scrutinized the pharmacokinetic 

and safety profiles of these substances. Table 1 

underscores the selection of the top 5 compounds for 

further scrutiny based on their ADMET and docking 

outcomes. This comprehensive approach not only 

identifies potential therapeutic candidates with 

favorable pharmacophore matches but also underscores 

their promising biological activity, embodying a 

holistic methodology in drug discovery.  Table 1 

displays the molecular weight of the compounds in the 

"mol_MW" column. The molecular weight range that is 

considered acceptable is 130.0 to 725.0. The predicted 

number of hydrogen bonds the solute may establish 

with water molecules is shown by the variable 

"donorHB".  The predicted number of hydrogen bonds 

the solute might accept from water molecules in an 

aquatic environment is indicated by the symbol 

"accptHB". Because this number is an average over 

several setups, it may not always be an integer. 

Generally speaking, it should lie between 0.0 and 6.0. 

The estimated octanol/water partition coefficient, or 

"QPlogPo/w" value, indicates how hydrophobic a 

molecule is. Generally speaking, this number should fall 

between -2.0 and 6.5. For "QPlogHERG," the inhibitory 

concentration (IC50) for HERG K+ channel blockage is 

shown. When it comes to possible negative 

consequences, values less than five are deemed 

worrying. The Caco-2 cell permeability prediction, 

which gauges how quickly a substance may cross the 

gut-blood barrier, is represented by the "QPPCaco" 

number. Values above 500 indicate great permeability, 

whereas values between 0 and 25 indicate inadequate 

permeability. "QPlogBB" is a measure of the predicted 

blood/brain separation ratio that sheds light on a 

compound's potential blood-brain barrier crossing 

capabilities. When using QikProp to anticipate oral 

medications,  

the range usually falls between -3.0 and -1.2. This value 

aids in determining if a substance has the ability to impact 

the central nervous system. Finally, information on a 

compound's binding to human serum albumin may be 

found using "QPlogKhsa" and "Human serum albumin 

binding predictions". The predicted range of these values, 

which represent the degree of interaction between the 

chemical and this blood protein, is often between -1.5 and 

1.5. Understanding the compound's pharmacokinetics and 

its therapeutic uses depends heavily on these factors. 

 

 

Table 1: Table showing binding affinity and ADMET analysis of top compounds. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CID mol_MW SASA donorHB accptHB QPlogPo/w QPlogHERG QPPCaco QPlogBB QPlogKhsa Binding 

Affinity 

969516 368.385 701.733 2 7 2.735 -6.273 151.758 -2.256 -0.026 -6.5 

5280445 286.24 500.018 3 4.5 0.941 -5.022 45.023 -1.91 -0.205 -6.3 

5280343 302.24 514.002 4 5.25 0.362 -5.035 20 -2.352 -0.354 -6.2 

5280443 270.241 489.281 2 3.75 1.624 -5.125 124.496 -1.411 -0.043 -6.2 

5280863 286.24 503.264 3 4.5 1.036 -5.14 55.32 -1.843 -0.201 -6.1 
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Figure 2: Interactions of lead compound with protein target showing interacting residues. A: CID969516, B: CID5280445 

 

Following the discovery of the lead compound, two 

particular compounds, CID969516 and CID5280445, 

were shown to be the most effective of all the 

compounds under investigation. The 2D interactions 

of this high-performing chemical are illustrated in 

Figure 2, which offers information on its molecular 

interactions with the target protein. The salient 

characteristics of this fascinating compound that are 

critical to its potential as a therapeutic candidate are 

presented in Table 1. To have a deeper understanding 

of the interactions and behaviour of this optimal 

chemical combination with the protein target, a 100 

nanosecond molecular dynamics simulation was 

performed.  This simulation was performed using 

Desmond software, and the resulting trajectories were 

analysed afterwards.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

As part of the inquiry, values for root-mean-square-

deviation (RMSD) and root-mean-square-fluctuation 

(RMSF) were calculated. While RMSD provides 

information on the stability and structural changes of 

the complex over time, RMSF illustrates the 

flexibility of the complex's numerous components 

during the simulation. A thorough examination of the 

material's interactions with the protein provided 

insight into how the material adheres  

to and interacts with the target during the simulation. 

Through the provision of informative information on 

the chemical's behaviour and potential as a therapeutic 

candidate, this comprehensive analysis facilitates the 

evaluation of the compound's stability, binding 

qualities, and suitability for further development. 
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Figure 3: Showing how, over time, the distance between the C-alpha atoms of proteins and the lead molecule has changed. Over the duration of 

the simulation, the RMSD of the lead molecule is shown in pink, whilst the RMSD of the protein target is shown in grey. A: CID969516-6gh9, 

B: CID5280445-6gh9 

 

 

 A 

                                                                                                                                                B 
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.  

Figure 3 provides a graphical representation of the 

Root Mean Square Deviation (RMSD) values for the 

C-alpha atoms in proteins bound to the ligand. RMSD 

serves as a metric to quantify the extent of deviation in 

a protein's structure from its initial state throughout a 

molecular dynamic’s simulation. Analysis of the 

RMSD figure reveals that the complexed protein 

structure in this simulation achieved a stable state at 

approximately 10 nanoseconds. This stability is 

corroborated by the RMSD values plateauing and 

consistently remaining within a range of 

approximately 1.5 Angstroms for the duration of the 

simulation. Such sustained structural stability is 

indicative of a positive outcome, suggesting that the 

protein retained its overall structure over the course of 

the simulation. Additionally, the protein structure 

represented by the PDB ID 6gh9 exhibited a gradual 

increase in RMSD values, implying structural changes 

over time. However, these changes occurred 

incrementally with relatively minor fluctuations. This 

gradual and limited structural evolution supports the 

notion that the protein maintained robust structural 

integrity throughout the simulation.  

Furthermore, the Ligands Fit to Protein, an indicator 

of how well a ligand molecule fits into a protein's 

binding site, remained constant during the simulation. 

While the ligand's RMSD values fluctuated over time, 

signifying movement or conformational changes, 

equilibrium was reached without substantial 

alterations in the ligand's RMSD. In summary, the 

RMSD plot demonstrates the attainment of a stable 

state in the protein-ligand complexes. Despite some 

oscillations, both the ligand and the protein preserved 

their structural integrity during the simulation, 

affirming the stability of the protein structure and 

advocating for its suitability for further in-depth study. 

Figure 4 displays the Root Mean Square Fluctuation 

(RMSF) values for a protein linked to a ligand. These 

RMSF values show how much, during a molecular 

dynamic’s simulation, certain amino acid residues in 

the protein structure deviate from their usual locations. 

The analysis of the molecular dynamics trajectories 

demonstrates that residues with larger RMSF plot 

peaks are typically located in flexible regions, such as 

loops or the protein's N- and C-terminal ends. This 

implies that there is more structural variety and 

dynamic activity in these regions.  The stability of the 

ligand binding to the protein is ascertained by 

analysing the RMSF values of the residues in the 

ligand-binding site. Reduced RMSF values indicate 

minimal fluctuations in the ligand-protein interaction 

throughout the simulation for these binding site 

residues. Figure 5 describes the secondary structural 

elements (SSE) that were present in the protein during 

the simulation. It provides a graphic representation of 

the distribution of beta strands and alpha helices across 

the protein structure, illustrating the distribution in 

connection to the residue index. Plotting the SSE 

against the residue index in the graph illustrates the 

location of these structural elements inside the protein. 

Based on the statistical analysis, these constituents 

account for about 42.84 percent of the secondary 

structure of complex CID969516-6gh9. More 

precisely, alpha-helices account for around 32.82 

percent of secondary structural components, whereas 

beta-strands account for approximately 10.02 percent. 

Together, these components account for 

approximately 44.74 percent of the secondary 

structure of the protein in complex CID969516-6gh9. 

More precisely, around 10.98 percent of the secondary 

structural components are composed of beta-strands, 

whereas approximately 33.77 percent are composed of 

alpha-helices. Figure 4, which provides a summary of 

the flexibility of individual residues within the protein, 

displays more flexible or dynamic regions of the 

protein based on higher RMSF values. The binding 

site's reduced RMSF values indicate that ligand-

protein interactions are stable.  Figure 6 shows the 

relative amounts and distribution of beta-strands and 

alpha-helices inside the protein's secondary structure.  

This study provides crucial information on the stability 

of the protein's interactions with the ligand and its 

simulated behaviour. 
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Figure 4: Root Mean Square Fluctuation (RMSF) of a protein in a ligand complex, measured in terms of residues. A: CID969516-6gh9, B: 
CID5280445-6gh9 
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Figure 5: Illustrating the distribution of elements of secondary protein structure within protein-ligand complexes in relation to the position of 

each residue. Specifically, alpha helices are depicted as red columns, and beta strands are represented by blue columns. A: CID969516-6gh9, 

B: CID5280445-6gh9 

 

The primary form of interaction that takes place 

between the protein and the ligand during the  

molecular dynamics (MD) simulation is represented 

by hydrogen bonds, as seen in Figure 6. These 

hydrogen bonds are essential for the ligand's stability 

and protein binding. In particular, hydrogen bonding 

plays a major role in the interactions between certain 

amino acids and the ligand. Notable amino acids are 

ASP_250 and ASP_274 in the CID5280445-6gh9 

complex and HIS_220, ASN_224, and LEU_249 in 

the CID969516-6gh9 complex. These amino acids are  

 

 

 

especially sensitive to hydrogen bonding interactions 

and are necessary for the ligand to bind to the protein 

efficiently.  The dynamic changes in the contacts and 

interactions between ligands and proteins during the 

experiment are depicted in the timeline in the chart 

below Figure 6. This timeline allows researchers to 

monitor the timing and manner of these crucial 

interactions during the simulation, offering valuable 

information into the dynamics and stability of the 

ligand-protein complex. 

 

A  

B  
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Figure 6: Protein-ligand contact histogram throughout trajectory. A: CID969516-6gh9, B: CID5280445-6gh9 

 

To sum up, Figure 6 illustrates the significance of 

hydrogen bonds in the interactions that occur between 

the protein and ligand. It highlights certain amino 

acids whose role in binding is dependent on hydrogen 

bonding. The timeline display, which offers a dynamic 

view on the evolution of these interactions, facilitates 

a deeper understanding of the complex's behaviour 

during the MD simulation. 

 

4. Conclusions 

In the realm of drug development, the pursuit of 

interdisciplinary methodologies has been a driving 

force to expedite processes and mitigate overall costs. 

The primary objective of this study was to identify 

specific target proteins associated with the Marburg 

virus, laying the foundation for the selection of a lead 

drug candidate. To counteract the impact of the lead 

A 

B 

 
B 
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chemical on the viral protein, we sought substances 

possessing this quality. Among the identified 

candidates, CID969516 and CID5280445 emerged as 

two potential natural inhibitors. These inhibitors 

demonstrated a significant reduction in the activity of 

protein 4gh9 at its receptor location. Our rationale 

posits that these compounds may serve as a 

foundational platform for the development of a 

medication that selectively targets the Marburg virus 

while preserving the integrity of other biological 

processes. These findings hold immense promise for 

the scientific community, potentially contributing to 

the eventual creation of a novel treatment for this viral 

disease. 
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