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Abstract: Increasing victims of viral attacks is a serious concern of the current time as well as soon. 

The story of virulence was started with the origin of the Spanish flu pandemic of 1918, later severe 

other viral infections like SARS, MARS, and many others took the life of many people. Currently, the 

situation is locked in the world because of the unprecedented arrival of the COVID-19 from the Wuhan, 

city of China. The current need turned to make suitable candidates with the existing safety data, to get 

the molecule in a limited period. Because of that, the quinolone 3-carboxy derivatives were docked with 

many targets enzyme, but the interaction with gp-41 was found interactive, which is represented with 

interactive binding energy scores. In this regard, the validated target of the virus likes HIV. COVID-19 

and other viruses were utilized to see the beneficial interactions. The present research is based on the 

Quinoline-3carboxy derivatives and their interaction with gp41. The gp41 has been found with the 

highest similarity with the S2 protein of the Coronavirus; targeting this protein will inhibit the 

interaction of cells and viruses. The in silico results were found encouraging with the suitable 

interactions with the amino acid residues. The results give us the hope to develop a lead for the inhibition 

of viral infection, including HIV, flu, and Coronavirus. The result is summarized with all the in silico 

docking and residual interaction with the reasonable concept of lead to go further in the drug discovery 

process 
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1. Introduction 

A virus completes its lifecycle with the four essential steps, viral entry through fusion, 

RNA replication, assembly, and release [1]. The entry of viruses inside the host cell is crucial 

for replicating and transmitting the virus to the neighbor cell. The entry of the virus is mediated 

by the spike protein, which binds with the angiotensin-converting enzyme 2 (ACE2) of the 

human cell in the case of the SARS-CoV-2, while other interacts with the different enzyme 

targets [2]. Recently our group published the activity of 2-styryl quinoline derivatives with 3-

ester [3] and their hydrolyzed derivatives, with their high selectivity [4] (compound 1, Figure 

1), which was also represented as DNA minor groove binding agents [5]. These compounds 

were utilized for the in silico interactions. However, the specific interaction with gp-41 is 

represented a claimed as wide spectrum viral entry blockers. 
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Figure 1. Quinine derivatives as an anti-proliferating agent. 

1.1. Fusion of virus with host cell. 

The surface spike glycoprotein consists of three S1-S2 heterodimers parts, with the 

receptor-binding domain, which was revealed on the subdomain of S1 and initiate the infusion 

of the virus through binding with the cellular receptor ACE-2 [6]. Cell fusion and entry are 

crucial phenomena of the virus, which govern the host's morbidity and mortality. The fusion 

is a result of the conformational changes of the spike molecule, which enable the virus to 

invade into the host cell and initiate replication [7]. The reasonable factor for the fusion 

proteins of SARS-CoV revealed as highly similar to gp41 from human immunodeficiency 

virus, hemagglutinin (HA) from influenza [8], and the paramyxovirus [9], which makes this 

hypothesis towards broad-spectrum anti-viral [10]. 

1.2. Fusion inhibitors. 

The infusion of the virus into the cell creates an opportunity to take the host cell's 

resources, grow inside and transfuse outside from the host cell to enhance the viral load in the 

host body. In view of that, the treatment strategy should emphasize the entry or infusion, which 

will rarely disturb the host cell's essential physiology, and avoid the anti-viral drug's most 

concern problem.  

 
Figure 2. Binding of Fusion inhibitors in the spike protein. 

The entry of a virus inside the host cell compromises the cytoplasmic transport systems 

to move the replication sites within the cytosol for RNA viruses and the nucleus for DNA 
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viruses. The replication of genetic material starts with the final step of viral entry, which 

proliferates the genome to get in the shape through the transfusion from the host cell [11]. As 

infusion inhibitors/ entry blockers, anti-viral therapies have been an attractive target. Moreover, 

many research scientists revealed many targets like S protein include RBDeACE2 blockers, S 

cleavage inhibitors, fusion core blockers, neutralizing antibodies, protease inhibitors, S protein 

inhibitors, and small interfering RNAs (Figure 2). Among them all, a US FDA approved (2003) 

"Enfuvirtide" as entry blocker of HIV-1 virus with the gp41 derived peptide (INN) [12]. 

1.3. Structural of gp41. 

Zhang et al. (2004) reported the structural similarity between HIV-1 gp41 and SARS-

CoV S2 proteins and found that they shared the same two α helices, facilitating the virus's entry 

into the host cell. The infusion of the virus into the cell creates an opportunity to inhibit viral 

replication and aggregation, as depicted in Figure 3 [13].  

 
Figure 3. S2 protein as a target for infusion inhibitors. 

Here, the gp41 of HIV-1 target is used for the docking and molecular interaction. The 

genomic resemblance of both targets has an advantage: both viruses could be blocked from the 

entry point. 

2. Materials and Methods 

2.1. Docking. 

All the synthesized derivatives were docked against, validated HIV-1 based 

gp41protein to determine the mechanism of action that will benefit further for designing 

molecules to act/bind on the same target. 

2.2. Preparation of proteins. 

AutoDock Tool was used to prepare proteins gp41, as PDB ID "1AIK'. In the active 

site, ligands and water molecules were removed while the charge of magnesium was kept +2. 

The merger of nonpolar hydrogens, the addition of Kollman charges, and assignment for 

AutoDock atom type were done [17-19]. 
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2.3. Preparation of ligands. 

The ligand was prepared using the AutoDock tool while its structure was made using 

ChemBioDraw Ultra software. Merging nonpolar hydrogens, adding Gasteiger charges, and 

assignment for AutoDock atom type were done while energy minimization was achieved with 

MOPAC using the PM3 method [20-22]. 

2.4. Docking interaction. 

Molecular docking, an important method in structure-based computer-assisted drug 

design, predicts a ligand's main binding mode(s) with a protein of known three-dimensional 

structure [23]. From another aspect of view, docking simulation could be applied to find the 

binding mode and mechanism of more active derivatives. Molecular docking simulation of the 

interaction with gp41 was carried out to investigate the possible inhibition of this protein with 

the designed compounds [24-26]. The safety in silico and QED results were encouraging, 

which gave a logistic approach to define the way to see against the similar target of viral [27-

29]. The drug-likeness value was calculated through QED value, and the value was calculated 

for all the synthesized compounds 1(a-m) and 2(a-p). These compounds were screened as per 

their drug-likeliness value, which was assessed physicochemical using Lipinski's rule of five 

(ro5) along with the QED value; ADME results were found superior to get the best outcome of 

the synthesized compounds [30-33].  

3. Results and Discussion 

3.1. Common interaction of quinoline-3-carboxylate with the active site of gp41 HIV-1. 

In the initial stage, a prototype of the 2-Styryl 3-carboxylate quinoline compound 1m 

was docked for the in silico drug enzyme activity; the results are summarized below with the 

all-possible interactions. The further various derivatives were screened for in silico anti-viral 

activity (Figure 4), with the active site of gp41 (HIV-1).  

  
Figure 4. Interaction of Quinoline derivative and gp41. 

3.1.1. Interaction at N36 (546-581) chain.  

Hydrophobic interactions: GLN 550, 551, 552 LEU 555, ARG 557, ALA 558, GLU 560 
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Hydrogen bonding: C=O----H-O-GLN 562 

 
Figure 5. Interaction at N36 chain of hex helical. 

3.1.2. Interaction at C34 (628-660) site. 

Hydrophobic interactions: ILE 646, GLN650, ASN 651, and 656 

Hydrogen bonding: C=O----H-O-GLN 653 and SER 649 

 
Figure 6. Interaction at C34 chain of hex helical. 

The avidity of the optimization study of the interactions was started with the different 

substitutions of the Quinoline 3-esters and acids. The close similarity with the corona spike 

protein is a matter of concern in the present research. The complete in silico analysis of the 

substituted pharmacophore is below given with the list of interacting amino acid residues. The 

designed quinoline derivatives (Figure 7, 1 a-p) ester derivatives were docked into the active 

site of gp41. Docking results are summarized in Table 1.  

 

Figure 7. Structure of quinoline-3-carboxylate (1a-p) derivatives. 

https://doi.org/10.33263/BRIAC131.007
https://biointerfaceresearch.com/


https://doi.org/10.33263/BRIAC131.007  

 https://biointerfaceresearch.com/ 6 of 11 

Observed binding modes were associated with different docking scores. The obtained 

results showed that the docked compounds were located in a groove containing due to the 

Hydrophobic region of the amino acid at N-36 region of gp41, which includes the GLN 550, 

551, 552 LEU 555, ARG 557, ALA 558, GLU 560residues and C-34 grooves includes ILE 

646, GLN 650, ASN 651, and 656 (Table 1). 

Table 1. Molecular docking studies of (E)-ethyl-2-(2-substitutedstyryl)-4-phenylquinoline-3-carboxylate 

derivatives 1a-p on gp41. 
Compounds GP41 

 

Compounds GP41 

1a -7.07 1i -6.15 

1b -5.68 1j -5.9 

1c -5.68 1k -7.78 

1d -7.31 1l -6.64 

1e -6.75 1m -6.86 

1f -5.9 1n -5.53 

1g -6.92 1o -7.2 

1h -6.88 1p -6.25 

However, some of the compounds with a hydroxyl group (compound 1f and 1p) were 

aligned towards the amino acid (ARG) through the one additional hydrogen bonding 

interaction, in results, those were showing better affinity than the rest of the compounds, the 

interaction is depicted in below Figure 8.  

 
Figure 8. Docking Interaction of Compounds with better binding affinity compound (1f and p). 

The surface interaction pose of the compounds 1 and enzyme showed the W shape 

interaction pose (Figure 9) inside the cavity of the gp41. The W shape and their aryl orientation 

toward the C-34 region justify the perfect binding of the compounds. 

 
Figure 9. Binding interaction pose of compounds (1e and 1m). 
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The best fitted with the highest binding affinity was observed with compound 1k. The 

additional features were investigated further with the hydrolyzed state, along with the all-

hydrolyzed molecules.  

3.2. Hydrolysis of ester compounds. 

The non-ionized/nonpolar form can enter the cell passively, while the ionic remain 

outside; it was found similar in the case of ester and acid. (Figure 10) The change in pH value 

accumulates the drug in the infectious site more than the normal, which will automatically 

enhance the selectivity of the drug over the noninfectious cell [18-19]. 

 

Figure 10. Different forms of the compounds in Different pH.  

In view of the selectivity, the hydrolyzed compounds 2 (a-m) (Figure 11) were also 

docked, with the score that is summarized in the below-given Table 2 

 
Figure 11. Structure of Series 1 quinoline-3-carboxylic acid derivatives. 

These designed (E)-2-(substituted styryl)-4-phenylquinoline-3-carboxylic acid 

derivatives have been docked for the GP41 using AutoDock4. These derivatives have shown 

moderate to excellent binding to the active site of gp41, as shown in Table 2. The activity 

pattern was similar to the parent ester compounds.  

Table 2. Molecular docking studies of (E)-2-(substituted styryl)-4-phenylquinoline-3-carboxylic acid 

derivatives 2a-m on1AIK 

Compounds gp41  

 

Compounds gp41 

2a -6.27 2h -6.11 

2b -5.92 2i -7.87 

2c -6.82 2j -6.03 

2d -6.73 2k -6.76 

2e -5.97 2l -5.49 

2f -6.34 2m -6.06 

2g -6.29   
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The in silico analysis of hydrolyzed compounds 2 (a-m) (Figure 12) was docked to the 

optimized gp-protein, confirming the similar interaction pattern and alignment. A similar 

interaction with the hydrophobic region of the amino acid at N-36 of GLN 550, 551, 552 LEU 

555, ARG 557, ALA 558, GLU 560 residues and with C-34 based amino acid-like ILE 646, 

GLN 650, ASN 651, and 656. The W shape and their aryl orientation toward the C-34 region 

make the compounds the best fit. A similar analysis was also confirmed with the hydroxyl 

bearing functional group like compound 2i makes the additional hydrogen bonds with the 

amino acid, which elevate the drug's efficacy, as given in below tables and figures. 

 
Figure 12. Docking Interaction of Compound 2e, and k. 

The drug and enzyme's surface interaction inside the cavity gave a similar alignment of 

the active docked compounds as it was showing with the easter parent compounds. The 

hydrolyzed product gives the same topological interaction and alignment inside the cavity of 

gp41.  

  
Figure 13. Docking Interaction of Compound 2i, and 2k with gp-41. 

In conclusion, the quinoline compounds showed the activity inside the active site of the 

gp-41, with their W-shaped pose and specific interaction with the N-36 and C-34 site of the six 

helical structures of the gp-41infusion protein. The additional interaction with the ARG makes 

some compounds more potent, like compounds 1k and 2i (Figure 14). 
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Figure 14. Docking Interaction of Compound1k and2i with gp41. 

Moreover, compound 2i,  with lower pKa values, will show selectivity toward the virus 

because of the acidic surroundings in the virus-infected area, which eventually decreases the 

toxicity to the normal cell. (Figure 15).  

 

Figure 15. Different forms of the compounds in different pH.  

4. Conclusions 

All the QED and toxicity predictions found it favorable for the compounds to act like 

drug molecules. The interaction with gp41 makes the wider scope of the viral with their 

privileged anticancer activity. The future development scope for the drug in vitro evaluation 

will be crucial to the drug development process. The in silico study gives the initial hint of the 

molecule about their future drug candidates' wide spectrum anti-viral agents. 
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