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ABSTRACT 

CagF (Cag22) is an essential chaperone protein in Helicobacter pylori that plays a vital role in the stabilization 

and translocation of virulence factor CagA with the help of the type IV secretion system (T4SS). The protein 

contributes significantly to host-pathogen interactions. It is associated with the development of gastric diseases, 

along with gastric cancer. In this study, protein homology modeling, structure-based virtual screening of 

approved drugs, molecular docking and analysis of the CagF protein was performed. We employed a drug 

repurposing pipeline from which 10 compounds were shortlisted which helps to inhibit the CagA through CagF. 

Among the screened compounds, paliroden exhibited the most favourable predicted docking score (−9.3 

kcal/mol) against the selected CagF binding pocket. The present study provides a computational pipeline for 

prioritizing candidate drug compounds for further investigation of CagF as a potential anti-virulence target.  

Keywords: CagF, Helicobacter pylori, gastric cancer, drug repurposing, bioinformatics.  

INTRODUCTION 

Helicobacter pylori is a microaerophilic, Gram-negative bacteria that colonizes in gastric mucosa, specifically 

near pylorus antrum of the stomach (Marshall, 2002); causes gastric ulcer and gastric adenocarcinoma(Correa 

& Piazuelo, 2011; Herrera & Parsonnet, 2009). H. pylori secrete the effector protein CagA from cytotoxin 

associated gene A through type IV secretion system (T4SS), involved in CagA translocation in H. pylori (Cover 

et al., 2020). T4SS have been associated with gastric carcinogenesis where T4SS pili of H. pylori is induced at 

the presence of host cells and delivers the effector protein CagA, followed by phosphorylation at EPIYA motifs 

through oncogenic Src and Abl tyrosine kinases(Hatakeyama, 2017). As CagA (Cytotoxin associated Gene A) 

interacts with the host cell proteins, an alternative strategy is used to inhibit CagA secretion by targeting an 

upstream protein of CagA in cag PAI (Akopyants et al., 1998; Olbermann et al., 2010). CagF is a cag 

pathogenicity island-encoded chaperone-like protein that directly interacts with CagA and binds close to the C-

terminal(Pattis et al., 2007) and facilitates its translocation into the host cell(Bonsor et al., 2013; Couturier et al., 

2006). H. pylori colonize in gastric epithelium of human and it is associated with chronic gastritis, gastric 

adenocarcinoma, peptic ulceration and MALT – lymphoma. H. pylori infection leads to approximately 76% of 

all gastric cancer cases in world wide. According to the IARC (International Agency for Research on Cancer) 

project of WHO stated that around 11.8 million lifetime stomach cancer cases out of an expected 15.6 million 

total cases are reported a particular age stratum(Jin Young Park, 2025; Kim et al., 2011). H. pylori dedicate 
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several genes for biosynthesis of urease to hydrolyse urea into NH3 and CO2 which buffer the cytosol and erect 

a neutral layer around the bacterium in acidic medium of stomach(Montecucco & Rappuoli, 2001). H. pylori 

possess a cag pathogenicity island which contains around 30 genes encoded Cag type IV secretion system and 

17-18 genes involve in the translocation of CagA into gastric cells(Bonsor et al., 2013; Censini et al., 1996). 

When CagA is injected directly into gastric epithelial cells via a Type IV secretion system, it undergoes tyrosine 

phosphorylation at EPIYA motifs and acts as a molecular hub, aberrantly activating proliferation pathways like 

SHP2-ERK and PI3K/Akt, while disrupting cell polarity and suppressing tumor suppressors. CagA can induce 

malignant neoplasms in mammals. After delivery into host cell CagA disturbs multiple host signalling pathways 

by acting as a hub protein(Hatakeyama, 2014; Stein et al., 2013). While CagA delivery acts as a direct bacterial 

oncoprotein that dysregulates host cell signalling, H. pylori simultaneously fuel an indirect carcinogenic pathway 

through persistent inflammation and chronic tissue remodelling. Progression of gastric carcinogenesis through a 

hit-and-run mechanism in which pro-oncogenic actions of CagA are consecutively acquired by a series of genetic 

or epigenetic alterations compiled in cancer-predisposing cells during long-term infection with CagA-positive 

H. Pylori(Hatakeyama, 2014; Stein et al., 2013).. It is an inner membranous or cytosolic type protein. 

Experimental disruption of CagF has been shown to impair CagA translocation, highlighting CagF as a potential 

anti-virulence target. To eradicate H. pylori infections, it requires a 10- to 14-day combination course of two or 

more antibiotics paired with a proton pump inhibitor (PPI) to lower stomach acid and help the tissue heal. Some 

drugs can resist H. pylori by multi-drug prescription treatment(Ierardi et al., 2019). The FDA (US Food and Drug 

Administration) approved Talicia for treatment of H. pylori infection in 2019, based on results of two phase III 

studies that disclosed eradication rates of 84.1% and 90.3%. Antibiotic resistance among H. pylori strains is the 

major cause of eradication failure. H. Pylori develop high rates of resistance against Amoxicillin, 

Clarithromycin, Metronidazole, Tetracycline, Levofloxacin nowadays because of their frequent usage, which 

causes failure of standard treatment plans. H. Pylori develop resistance through genetic mutations, efflux pumps, 

and biofilms, making standard therapy less effective worldwide. For this reason, drug repurposing is one of the 

easiest ways to resist H. pylori and cure diseases like Peptic Ulcer, Gastritis, Gastric Adenocarcinoma, Gastric 

MALT Lymphoma etc(Boyanova et al., 2023; Kalfus et al., 2020). Drug repurposing approach uses existing 

approved drugs with new targets to gear up the drug discovery method. In-silico drug repurposing process saves 

both cost and time. Although CagF is experimentally established as an important component of CagA 

translocation, its structural characteristics and potential ligand-binding sites remain insufficiently explored. 

Therefore, the main focus of the study is to check interaction between CagA and CagF and build the three-

dimensional (3D) structure of CagF by using integrated system biology and structural biology approach. Also, 

we intended identify ligand-binding pockets of CagF, and to target the CagF by FDA approved drugs to disrupt 

the downstream signalling pathway to inhibiting the CagA by using computational drug repurposing approach.  

MATERIALS AND METHODS 

2.1. Protein-Protein Interaction (PPI) network construction: 

Protein–protein interaction (PPI) network analysis was performed to visualize and characterize physical and 

functional associations among proteins. STRING database is used to reserve physical and functional protein-

protein interactions information. Separately the protein-protein interactions network of CagA and CagF were 

built by using STRING plugin to Cytoscape v.3.10.4 (confidence score of 0.400) and then both the PPIs were 

merged and visualized in the Cytoscape v3.10.4. The connections in a network were considered as 

‘unidirectional’. The interacting partners were denoted as nodes and their connections were denoted as edges in 

the network. 

2.2. Network topology analyses: 

The network topology analyses were done for identifying highly connected nodes within the network, which 

participate in interaction with CagA and CagF, which are responsible for development of gastric diseases, 

including gastric cancer. The ‘Network analyzer’ plugin in the Cytoscape v3.10.4was used to perform network 

topology analysis. Degree, Closeness Centrality, Betweenness Centrality, and Clustering coefficient are several 

topological features that used for validation of the network quality. 
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2.3. Investigation of hub proteins 

In a PPIs network, the most interactive protein which has more association with other proteins is known as hub 

proteins. Hub protein analysis was done by STRING plugin to Cytoscape v.3.10.4. Algorithms such as, Degree, 

Betweenness, and Bottleneck in Cytohubba were used to identify hub proteins. Subnetworks are interconnected 

via the hub proteins.  

2.4. Modular analysis 

In a Protein-Protein Interactions network, the connected sub-networks were determined by the MCODE plugin 

to Cytoscapev.3.10.4. To do modular analysis, the particular parameter was set as Haircut = Ok, Maximum depth 

= 100, Degree cutoff = 2, K-score = 2, Node score cutoff = 0.2.  

2.5. Secondary Structure prediction, Physicochemical Properties determination and prediction of 

subcellular location 

Secondary structure and physicochemical properties of CagF were analysed for the quality assessment of the 

predicted protein model and characterize the protein sequence. Secondary structure prediction was performed in 

Sopma (Geourjon&Deléage, 1995) (accessed by: https://npsa.lyon.inserm.fr/cgi-

bin/npsa_automat.pl?page=/NPSA/npsa_sopma.html) which evaluate the structural integrity, stereochemistry 

and structural geometry based on the number of helices, sheets, turns, loops, random coils etc. and 

physicochemical properties are determined from Expasy (Gasteiger et al., 2005) (accessed by: 

https://web.expasy.org/protparam/) which dictate how protein fold, function and mostly the interaction within 

the living organisms. These are relied on the physical properties like molecular size and shape, colloidal nature 

solubility etc. and the chemical properties like amphoteric nature, isoelectric point, hydrolysis etc. Subcellular 

Localization prediction was done by the cello (Yu et al., 2014) (accessed by: https://cello.life.nctu.edu.tw/) server 

to find out the cellular compartmentalization of CagF protein in host cell.  

2.6. Protein sequence retrieval 

Uniport is one of the most standardised, widely and expertly curated protein database in the world. The amino 

acid sequence of CagF was retrieved in FASTA format from the UniProt database (accessed by: 

https://www.uniprot.org/, accession: P94835) (Wu, 2006) and used for protein structure prediction. 

2.7. Protein structure prediction 

The principle of protein structure prediction is that 3D structure of protein is conserved relative to its amino acid 

sequence. So, the small variation in the amino acid sequence of a protein causes minimal changes to its 3D 

structure. Protein structure prediction method like AlphaFold3 utilize this principle by incorporating other 

proteins, ligands, metal ion, etc into their model. This method can predict structure of multi- component complex 

and assess their performance using statistical performance data such as average RMSD. Advanced tools like 

AlphaFold3 predict protein structures with extreme precision that often matches laboratory results. The 

unavailability of crystallographic structure of a particular protein needs the prediction of the three-dimensional 

(3D) structure by comparative modeling with similar reference structure. As the x-ray crystallographic structure 

of CagF is not available in the RCSB PDB database, so we performed 3D structure prediction of CagF. The 3D 

structure of the CagF protein was predicted using computational protein structure prediction server AlphaFold3 

(https://alphafoldserver.com/) (Abramson et al., 2024). 

2.8. Structural validation 

The predicted CagF models were subjected to refinement using GalaxyRefine server. The refined models were 

ranked based on the provided global quality scores by GalaxyRefine. The model showing the most favourable 

overall structural characteristics was selected for subsequent analyses (Heo et al., 2013)(accessed by: 

https://galaxy.seoklab.org/cgi-bin/submit.cgi?type=REFINE). The selected model was subsequently validated 

using the SAVES server (accessed by: https://saves.mbi.ucla.edu/), which incorporates several widely accepted 
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protein structure validation tools, such as ERRAT, PROCHECK, and Verify3D. The overall quality of each 

model was assessed based on the ERRAT quality factor, Verify3D compatibility score, and Ramachandran plot 

statistics generated by PROCHECK. The model having the highest validation scores and the most favourable 

stereochemical characteristics was selected for subsequent computational analyses. 

2.9. Binding Site Detection 

The binding sites of a protein are determined by the organization of its constituent amino acid sequence, pocket 

geometry, physicochemical properties. The CagF protein was analysed to identify potential ligand-binding 

pockets. Binding site prediction was performed using the DrugRep server (Gan et al., 2023) (accessed by: 

http://cao.labshare.cn:10180/DrugRep/php/screen_blinddock.php⁠), which identifies putative binding cavities 

based on pocket geometry and binding scores. The drugs were screened on the basis of binding pocket (Grid 

volume= 470, Center - x= -14.8, y= -0.2, z= -3.0 and size- x=17, y=17, z=15, spacing- 1 Å) of CagF protein in 

Drug Rep server. The binding pocket with the highest binding score and suitable cavity volume was selected as 

the active site for subsequent molecular docking studies. 

2.10. Retrieval of FDA approved drugs by structure based virtual drug screening 

Identification of existing FDA approved drugs were screened and retrieved from MTiOpenScreen (accessed by: 

https://bioserv.rpbs.univ-paris-diderot.fr/services/MTiOpenScreen/ ) webserver against the target protein via 

structure based virtual screening. The MTIopenscreen webserver(Labbé et al., 2015) provides access to the Drug 

Bank(Knox et al., 2024) database to screen FDA approved drugs. No additional ADMET analysis was 

performed. Structure-Based Virtual Screening (SBVS) is an essential computational method in the drug 

screening process. This method utilizes the three-dimensional (3D) structure of a target protein to analyse its 

interactions with potential drug molecules(Cavasotto& W. Orry, 2007). In the present study, the predicted 3D 

structure of the CagF protein and its recognised binding site were used for virtual screening where 1500 FDA 

approved top-ranked molecules are obtained from the server. Through the screening process the top 100 

compounds were shortlisted, and subsequently the 10 compounds with the most favourable predicted screening 

scores were selected for further analysis. Those ten compounds were then subjected for molecular docking. 

2.11. Molecular Docking analysis 

Molecular docking was performed to investigate the potential binding of the shortlisted compounds to the 

predicted CagF protein structure. The refined and structurally validated CagF was used for docking. Before 

docking, the receptor structure was prepared in AutoDockTools by removing non-essential molecules, adding 

the required hydrogen atoms, assigning atomic charges, and converting the structure into PDBQT format. The 

shortlisted ligand structures were similarly prepared by adding hydrogen atoms, assigning appropriate charges, 

and converting each ligand into PDBQT format using AutoDockTools. The ligand-binding pocket identified 

using the DrugRep server was selected as the docking site. The docking grid was centred at x = −14.8, y = −0.2, 

and z = −3.0 Å, with grid dimensions of 17 × 17 × 15 Å and a grid spacing of 1 Å. The same binding-site 

coordinates and grid dimensions were used for docking of all shortlisted compounds to ensure consistency 

between the docking runs. Molecular docking was performed using AutoDock Vina (V1.1.2)(Eberhardt et al., 

2021)(accessed by: https://vina.scripps.edu/). The ten shortlisted compounds were compared based on their 

AutoDock Vina docking scores. The compound showing the most favourable predicted docking score among 

the shortlisted compounds was selected. The predicted binding pose and ligand–residue interactions of the 

selected compound were visualized using Pymol(Yuan et al., 2017)(accessed by: https://www.pymol.org/). 

RESULTS AND DISCUSSION 

3.1. Protein-Protein interactions study 

The experimentally established CagA–CagF interaction was further examined within the broader H. pylori 

protein interaction network using STRING plugin to Cytoscape. To comprehend how complicated biological 

reactions work, we did protein-protein interactions network analysis. As a result, construction of PPI network in 

Cytoscape software was done with 19 nodes and 50 edges as represented in the Figure-1. The result demonstrated 
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interactions among several cag pathogenicity island-associated proteins, including CagA, CagF, CagT, CagE, 

CagN, CagL of H. pylori which interact with each other.  

 

Figure 1: Protein-Protein Interactions (PPIs) Network of CagA and CagF of H. pylori. 

3.2. Network Topology Analyses 

As shown in Figure-1, the PPI network was acquired based on the node degree distribution; higher the degree, 

darker the colour of the node. Network density, network centralization and network heterogenicity were the 

various parameters used for the analyses of the PPI networks, with the values as 0.292, 0.294 and 0.584, 

respectively. The average clustering coefficient was 0.640, that indicates a relatively high tendency of 

neighbouring proteins to form interconnected groups within the constructed network. Important proteins have 

been identified via topological analysis of the PPI network; proteins with higher degrees, which indicate many 

connections, are considered as essential for a network. 

3.3. Investigation of hub proteins 

The top 10 hub proteins represented in Table-1 were selected on the basis of Degree and in Figure-2 some other 

hub proteins are represented, were identified using Bottleneck and Betweenness algorithms of CytoHubba. The 

PPI network showed that the proteins with the high betweenness centrality were CagA, CagE, Cag3, VacA, and 

CagF. These five proteins may act as the bridges between nodes to keep the network intact, indicating that they 

occupy central positions in the constructed network. Depending on the degree value, the interactome with the 

most interactions was found to be involving CagA, CagE, CagF, CagD, and CagC. 
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Figure 2: Hub and important proteins identified using different algorithms Degree, Betweenness, Bottleneck. 

Name Degree BetweennessCentrality ClosenessCentrality ClusteringCoefficient 

CagA 10 0.496949891 0.692307692 0.155555556 

CagE 10 0.34204793 0.692307692 0.533333333 

CagF 9 0.051416122 0.545454545 0.666666667 

CagD 8 0.010021786 0.529411765 0.821428571 

CagC 8 0.010021786 0.529411765 0.821428571 

CagL 7 0 0.514285714 1 

CagG 7 0 0.514285714 1 

CagH 7 0 0.514285714 1 

CagI 7 0 0.514285714 1 

Cag3 6 0.135076253 0.6 0.333333333 

Table 1: Topological characteristics of the ten highest-ranked proteins based on degree 

 

Degree Betweenness 

Bottleneck 
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Modular Analysis: 

The MCODE plugin was used to produce sub-networks. MCODE identified two clusters (Figure-3) with scores 

of 8.0 and 3.33, containing 8 and 4 nodes and 28 and 5 edges, respectively. The result show that CagF, CagE, 

CagC, CagL, CagG, CagD, CagH, CagI formed cluster together. CagE may act as an intermediate to construct 

interaction network and may represent a network-associated component connecting CagA and CagF associated 

proteins. The hub proteins, CagE, CagF, CagD, CagC, CagL based on the degree score were reidentified in the 

Cluster-1 and CagA reidentified in the Cluster-2. MCODE modular analysis produced two major cluster of 

proteins that were intricately associated in the network. CagF emerged as one of the highest-scoring hub proteins, 

and considering its major role in H. pylori associated gastric carcinogenesis, we selected CagF for further 

analysis.  

 

Figure 3: Sub-network clusters generated by MCODE. 

Secondary Structure Prediction, Physicochemical Properties Determination and Sub Cellular 

Localization: 

The secondary structure investigation showed that the structure of CagF mostly contained alpha helices (67.16 

%) followed by random coil (24.63 %), extended strand (8.21 %) and beta turn (0.00%) regions, respectively 

[Table-2 and Figure-4]. The high alpha helical content indicates a well folded and structurally stable protein 

architecture. The random coil regions come up with the conformational flexibility and functional interactions. 

The analysis of physico-chemical characteristics showed that the CagF protein has more negatively charged 

amino acid residues [(Asp + Glu) 46] than the positively charged amino acid residues [(Arg + Lys) 24] present. 

The presence of higher number of negatively charged amino acids in proteins is probably responsible for its 

acidic nature. The extinction coefficient was measured as 24870 M-1 cm-1 (Table-3), which calculates that the 

protein contains high amount of Trp, Tyr and Cys residues (Table-4). The Instability index (II) was computed to 

be 48.35, which falls above the conventional threshold of 40 and therefore suggests potential instability. The 

relative volume of side chains of aliphatic amino acids in a protein determines its aliphatic index which increases 

the thermal stability of protein. In our study, the CagF showed high aliphatic index 92.35 (Table-3), which 

suggested their thermostability. GRAVY score reflects the hydrophobicity or hydrophilicity of a protein. Positive 

GRAVY indicates that the protein is hydrophobic. On the other hand, negative GRAVY indicates the hydrophilic 

nature of a protein. The negative GRAVY scores (-0.444) (Table-3) of CagF suggests that CagF has an overall 

hydrophilic character. Sub-cellular analysis by CELLO predicted CagF to be predominantly cytoplasmic with 

the reliability score of 2.780. 

 

 

Cluster-1 Cluster-2 
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Predicted secondary 

structure 

Alpha helix 

(%) 

Beta turn (%) Extended 

strand (%) 

Random coil (%) 

CagF 67.16% 0.00% 8.21% 24.63% 

Table 2: Predicted secondary structure composition of CagF. 

Name of 

the 

protein 

No. of  

Amino 

Acids 

No. of 

positively 

charged 

Amino Acids 

No. of 

negatively 

charged 

Amino Acids 

Aliphatic 

Index 

GRAVY 

Score 

Instability 

Index 

Extinction 

coefficient 

CagF 268 24 46 92.35 -0.444 48.35 24870 M-1 

cm-1 

 

Table 3: Physico-chemical characteristics of CagF protein. 

Amino 

Acid 

Al

a 

Ar

g 

As

n 

As

p 

Cy

s 

Gl

n 

Gl

u 

Gl

y 

Hi

s 

Ile Le

u 

Ly

s 

Me

t 

Ph

e 

Pr

o 

Se

r 

Th

r 

Tr

p 

Ty

r 

Va

l 

Py

l 

Se

c 

Compositio

n (%) 

2.6 1.9 10.

4 

7.8 0 5.6 9.3 1.5 1.9 7.

8 

11.

6 

7.1 3.4 7.5 1.9 6.7 3 0.4 4.9 4.9 0 0 

Table 4: Composition of Amino Acid in the CagF protein  

 

Figure 4: Predicted Secondary Structure of CagF. 

Three-Dimensional Structure Prediction and Structure Validation 

The three-dimensional structure of CagF protein (Figure-5) was generated in AlphaFold3, and best-fit model 

was chosen. In Ramachandran plot examination of the best selected model has 98.1% and 1.9% residues in most 

favoured region and additional allowed region, with no residues in the disallowed region respectively (Figure- 

6C). Whereas 0.0% was in the disallowed region. Score obtaining from the Ramachandran plot revealed a good 

quality model structure. The ERRAT score obtained was 95.3846 (Figure-6B), implying a favourable overall 

non-bonded interaction geometry. Those analyses imply that the stereo chemical parameters that the preferred 

model structure is fair and dependable and can be utilised for more drug studies. The verify 3D analysis indicated 

that 86.57% of the residues have averaged 3D-1D score >= 0.1 (Pass) and at least 80% of the amino acids have 

scored >= 0.1 in the 3D/1D profile which suggests that the model is reliable to build up a 3D structure (Figure- 

6A).                                    
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Figure 5 – Predicted three-dimensional protein structure of CagF. 

 

Figure 6: (A) Verify3D plot for modelled CagF structure, (B) ERRAT plot of modelled CagF structure, (C) 

Ramachandran plot for modelled CagF structure. 
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Binding pocket detection 

Potential ligand-binding pockets in CagF were predicted using the DrugRep server. Five putative pockets were 

identified. Pocket 1 was selected for subsequent virtual screening and molecular docking based on its cavity 

characteristics. The binding pocket-1 contained amino acids such as VAL68 LEU258 TYR201 PHE198 ILE250 

GLU71 GLU63 LYS261 TYR70 ASN67 LYS265 ASN197 MET257 VAL194 GLN195 ASN262 THR254 

(Table- 5, Figure-7). 

 

Figure 7: Detected Binding Site (Pocket-1) 

Binding Pocket Amino acid residues 

Pocket 1 VAL68 LEU258 TYR201 PHE198 ILE250 GLU71 GLU63 LYS261 TYR70 ASN67 

LYS265 ASN197 MET257 VAL194 GLN195 ASN262 THR254 

Pocket 2 LEU96 ILE207 TYR155 TYR214 TYR202 ASN211 ALA156 PHE69 HSD97 LYS100 

LYS206 ILE76 LYS210 VAL152 PHE148 VAL73 ASN93 

Pocket 3 ASP17 ILE13 PHE98 ARG6 LYS9 ASN16 LEU5 ILE89 HSD83 GLU12 GLY87 

ASN95 TYR85 LEU84 

Pocket 4  LYS33 TYR157 ARG171 PRO226 TRP228 ARG168 LYS175 GLU161 ILE229 

LEU172 GLN165 MET164 TYR167 ILE224 GLU40 

Pocket 5 VAL203 VAL235 MET164 TYR208 MET217 GLN204 HSD218 MET221 GLU200 

GLU236 ILE229 ILE163 LEU160 TYR167 ILE225 

 

Table 5: Binding Pocket Compositions of CagF. 

Virtual screening for potential drug compounds 

Virtual screening was performed in MTiOpenScreen server. According to their minimum binding energy affinity 

by the server, 1500 drug molecules were screened and 100 compounds were shortlisted as per containing drug 
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in authorized drug library. The initial MTiOpenScreen screening generated predicted initial virtual screening 

scores. The ten highest-ranked compounds were subsequently subjected to AutoDock Vina docking. Among the 

ten shortlisted compounds, paliroden produced the most favourable AutoDock Vina docking score (−9.3 

kcal/mol). Out of 100 compounds; 10 compounds were selected based on their lowest binding energy represented 

in Table-6. 

Sl.n

o. 

Drug 

Bank ID 

Common 

Name 

 

Chemical 

Class 

 

Disease 

Treating 

& 

Managing 

 

Mechanism 

of Action 

 

Initial 

virtual-

screening 

binding 

affinity 

(kcal/mol) 

AutoDock 

Vina 

docking 

binding 

affinity 

(kcal/mol) 

Interacting 

Amino acid(s) 

 

1 DB12411 Bemcentinib Pyridazine 

Derivative 

 

Adenocarci

noma of 

Lung, 

Colorectal 

Neoplasms

, Central 

nervous 

system 

Neoplasms 

Tyrosine 

protein 

kinase 

receptor UFO 

inhibitor 

-10.9 

 

-6.7 A TYR 70 

A LEU 74 

A ASN 197 

A PHE 198 

A TYR 201 

A ASP 251 

A THR 254 

A ASN 255 

A LEU 258 

A ASN 262 

A LYS 265 

2 DB06393 Xaliproden Tetrahydro

pyridine 

derivative 

Alzheimer 

disease  

Serotonin 

1a(5-HT1a) 

receptor 

agonist 

-10.6 -8.3 A GLU 63 

A ASN 67 

A TYR 70 

A GLU 71 

A GLU 190 

A ILE 191 

A VAL 194 

A ASN 197 

A PHE 198 

A GLU 200 

A TYR 201 

A GLN 204 

A ASN 205 

A ILE 250 

A VAL 253 

A THR 254 

A ASN 255 

A LYS 256 

A MET 257 

A LEU 258 

A ASP 259 

A GLN 260 

A LYS 261 

A ASN 262 

A ASN 264 

A LYS 265 

3 DB12185 Exatecan Mesylate 

dehydrate 

derivative  

Breast 

Neoplasms

, 

Fallopian 

tube 

Neoplasms 

Leukaemia 

DNA 

topoisomeras

e -I inhibiter  

-10.6 -7.6 A TYR 70 

A ASN 197 

A PHE 198 

A TYR 201 

A ASP 251 

A THR 254 

A ASN 255 

A LEU 258 

A ASN 262 

4 DB11894 Efatutazone Thiazolidi

nedione 

derivative 

Colorectal 

Neoplasms

, 

Lipocarcin

oma, 

Peroxisome 

proliferator-

activated 

receptor 

-10.3 -7.4 A ASN 67 

A TYR 70 

A GLU 71 

A VAL 194 

A GLN 195 
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Multiple 

Myeloma  

gamma 

agonist 

A ASN 197 

A PHE 198 

A TYR 201 

A THR 254 

A ASN 255 

A MET 257 

A LEU 258 

A ASN 262 

A LYS 265 

5 DB06435 Tarazepide Carboxami

de 

derivative  

Gastrointes

tinal 

diseases 

and 

disorders 

Inhibition of 

CCK-A 

receptor 

-10.2 -7.8 A TYR 70 

A GLU 71 

A LEU 74 

A ASN 197 

A PHE 198 

A TYR 201 

A ASP 251 

A THR 254 

A ASN 255 

A LEU 258 

A ASP 259 

A ASN 262 

A LYS 265 

6 DB09183 Dasabuvir Methanesu

lfonamide 

derivative  

Hepatitis C  RNA directed 

RNA 

polymerase 

inhibitor  

-10.2 -6.6 A TYR 70 

A VAL 194 

A ASN 197 

A PHE 198 

A GLU 200 

A TYR 201 

A GLN 204 

A ILE 250 

A THR 254 

A ASN 255 

A LEU 258 

A ASP 259 

A ASN 262 

7 DB15583 Fluazuron Difluorobe

nzamide 

Tick -

bornemdis

ease 

Pharmacologi

cally active 

on Fibroblast 

growth factor 

receptor 3  

-10.1 -8.4 A ASN 67 

A TYR 70 

A GLU 71 

A LEU 74 

A VAL 194 

A GLN 195 

A ASN 197 

A PHE 198 

A TYR 201 

A ILE 250 

A THR 254 

A ASN 255 

A MET 257 

A LEU 258 

A ASP 259 

A LYS 261 

A ASN 262 

A LYS 265 

8 DB12875 Mavatrep Benzimida

zole 

derivative 

Osteoarthri

tis, 

Knee 

Vanilloid 

receptor 

antagonist  

-10.1 -7.7 A ASN 67 

A TYR 70 

A GLU 71 

A LEU 74 

A VAL 194 

A GLN 195 

A ASN 197 

A PHE 198 

A TYR 201 

A ASP 251 

A THR 254 
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A ASN 255 

A MET 257 

A LEU 258 

A ASP 259 

A LYS 261 

A ASN 262 

A LYS 265 

9 DB11791 Capmatinib Benzamide 

derivative 

Breast 

Neoplasms

, 

Carcinoma, 

Non-small 

cell lung 

cancer 

Hepatocyte 

growth factor 

receptor 

inhibitor 

-10.0 -9.0 A ASN 67 

A TYR 70 

A GLU 71 

A LEU 74 

A VAL 194 

A GLN 195 

A ASN 197 

A PHE 198 

A TYR 201 

A ILE 250 

A ASP 251 

A THR 254 

A ASN 255 

A MET 257 

A LEU 258 

A LYS 261 

A ASN 262 

A LYS 265 

10 DB05454 Paliroden Tetrahydro

pyridine  

Alzheimer 

Disease, 

Parkinson 

Disease 

Irreversible 

MAOB 

inhibitor  

-10.0 -9.3 A ASN 67 

A TYR 70 

A GLU 71 

A LEU 74 

A VAL 194 

A GLN 195 

A ASN 197 

A PHE 198 

A TYR 201 

A ILE 250 

A ASP 251 

A THR 254 

A ASN 255 

A MET 257 

A LEU 258 

A ASP 259 

A LYS 261 

A ASN 262 

A LYS 265  

 

Table 6: Top 10 Drugs found from virtual screening. 

Molecular docking studies: 

Molecular docking studies were performed using selected ten drugs in Auto Dock Vina. According to the 

AutoDock vina docking score, the Paliroden was selected as the best fit molecule having lower binding affinity 

– 9.3 kcal/ mol and adopted the best orientation of the drug compound when interacting with CagF (Figure-8). 

The Paliroden was previously investigated for neurogenerative disorders specifically in Alzheimer’s disease and 

Parkinson’s disease, was repurposed for targeting the CagF protein. The further wet-lab experiments can be done 

after knowing the intermolecular interaction (hydrogen bond, hydrophobic interaction etc.) between ligand and 

target protein. Detailed view of the binding interaction between Paliroden and CagF protein is represented in 

Figure- 9A and 9B. 

http://www.rsisinternational.org/
https://rsisinternational.org/journals/ijrias
https://rsisinternational.org/journals/ijrias


Page 2086 

www.rsisinternational.org 

INTERNATIONAL JOURNAL OF RESEARCH AND INNOVATION IN APPLIED SCIENCE (IJRIAS) 

ISSN No. 2454-6194 | DOI: 10.51584/IJRIAS |Volume XI Issue VIII August 2026 

 

 

 

 

 

        

 

   

 

Figure 8: Predicted binding pose of Paliroden within the selected CagF binding pocket obtained using molecular 

docking. 
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Figure 9A and 9B: Detailed visualization of predicted interactions between Paliroden and residues lining the 

CagF binding pocket. 

In the absence of the crystal structure of CagF protein in H. pylori, reliable three-dimensional structural model 

was generated by using the alpha fold server and validated in saves webserver to analyse the Ramachandran plot, 

verify-3D, ERRAT value to confirm the most reliable protein model. The structural validation of the CagF model 

with 98.1% of residue in Ramachandran plot and ERRAT score of 95.38, and favourable verify3D and these 

validation metrics support the structural plausibility of the predicted structure which help to validate the 3D 

model and help to find out best 3D homology model. These validation parameters establish model utility for 

virtual screening. Secondary structure analysis show that the CagF protein consists of alpha helices (67.16%) 

with CagF chaperon function, and physicochemical properties show that acidic nature, which may help in 

electrostatic interaction. The binding site prediction identified a pocket comprising 17 amino acid residues 

particularly the presence of tyrosine residues is especially significant because their hydroxyl groups can 

participate in critical hydrogen bonding interactions with drug molecules, enhancing binding affinity. According 

to favourable binding energies within 100 drugs 10 drugs are chosen. Paliroden is chosen among the ten screened 

drugs based on predicted AutoDock Vina docking score –9.3 Kcal/mol. Paliroden is primarily used in 

neurogenerative disorders (Alzheimer’s disease, Parkinson’s disease etc.). The predicted binding pose indicates 

that the compound can occupy the selected CagF pocket and interact with several residues within the predicted 

cavity. After the molecular docking, paliroden drug bound more efficiently with binding pocket of CagF and 

may inhibit the CagF of H. pylori. 

CONCLUSION 

In this study, an integrated computational approach was employed to characterize CagF. PPI and network 

analyses identified CagF within a highly interconnected network of cag-associated proteins. Structural prediction 

and validation provided a computationally plausible three-dimensional model of CagF, which was subsequently 

used for binding-pocket prediction and structure-based virtual screening. It is observed that the drug Paliroden 

was identified as the most favourable compound based on the AutoDock Vina docking score (−9.3 kcal/mol) 

against the selected CagF binding pocket. The predicted interaction suggests that paliroden may interact with 

CagF; however, molecular docking alone cannot establish inhibition of CagF activity or disruption of the CagF 

interaction with other cag-pathogenicity island proteins. The findings suggest that the predicted interaction 

requires validation using biochemical, biophysical and cellular experiments to determine the effects of paliroden 

on CagF function. High quality of CagF model serves as a template for future structure-based research. Future 

studies may investigate whether Paliroden can be combined with established H. pylori therapies. Further 

http://www.rsisinternational.org/
https://rsisinternational.org/journals/ijrias
https://rsisinternational.org/journals/ijrias


Page 2088 

www.rsisinternational.org 

INTERNATIONAL JOURNAL OF RESEARCH AND INNOVATION IN APPLIED SCIENCE (IJRIAS) 

ISSN No. 2454-6194 | DOI: 10.51584/IJRIAS |Volume XI Issue VIII August 2026 

 

 

 

 

 

        

 

   

laboratory and preclinical studies are required to evaluate the pharmacological suitability, safety, and efficacy of 

Paliroden. 
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