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Abstract  

The infection of HIV causes AIDS, which is a prevalent problem 

today. Retroviral infection happens upon the integration of a copy 

of the DNA of the viral genome into the host DNA at any location 

in the genome but is preferred in certain regions of the chromatin 

as a necessary step in the replication. The challenge in the 

treatment of retroviral infections is that the integrated viral DNA 

is sustainably maintained and replicated along with cellular DNA 

through the cell division. Although wide prospects have been 

made in antiviral therapy of HIV, the integrated virus persists in 

long-lived cells and eradication is an elusive goal. Integrase 

protein is the key enzyme in the virus that integrates retroviral 

DNA into the host genome. As the rapid development of drug 

resistance in the existing drug classes, discovery of new targets is 

the need of the hour. The three major enzymes of HIV-1 integrase 

IN (HIV-1 IN), protease, and reverse transcriptase have been of 

special interest. Integration of viral genetic material with the host 

genome is an important step in the process of viral replication 

catalyzed by HIV-1 IN. 6 chloro 2 oxo 4 phenyl 1,2 

dihydroquinolin-3-yl acetic acid, Quinoline class of inhibitors of 

HIV-1 integrase, was used in the present study to analyze the 

drug-protein interaction. 

Keywords: HIV-1 IN, 6 chloro 2 oxo 4 phenyl 1,2 

dihydroquinolin-3-yl acetic acid, energy minimization. 

Introduction 

Retroviruses synthesize a DNA copy of their RNA genome after 

infection of the host cell. Integration of the viral DNA into host 

DNA is a fundamental step in the replication cycle of retroviruses 

especially HIV-1 (Brown, 1997; Asante-Appiah and Skalka, 

1997; Hindmarsh and Leis, 1999). Integration of viral DNA and 

its transcription results in the progeny virions with the integration 

of RNA genome (Embaby et al., 2018). The replication cycle is 

completed upon integration into the host genome; virions bud 

from the cell surface and multiply by infecting the uninfected 

cells. HIV genome gets integrated into the DNA of the host CD4 

cell by HIV-1 integrase enzyme (Mohy et al., 2018). Integrase 

strand transfer inhibitors (INSTIs) are a class of antiretroviral 

HIV drugs that block the integration as a crucial step in the HIV 

life cycle (Alsamarrai et al., 2018). Three domains are present in 

HIV-1 integrase, whose structures were determined based on the 

susceptibility of the linker regions to proteolysis (Engelman and 

Craigie, 1992), functional studies (Engelman and Craigie, 1992; 

Engelman et al., 1993; van Gent et al., 1993), and the x-ray 

crystallography or NMR (Amasha, 2018). The development of 

effective inhibitors of reverse transcriptase and protease in HIV 

replication is an effective antiviral therapy for the treatment of 

AIDS. The drugs targeted to integrase would be complementary 

to reverse transcriptase and protease. No drugs have been 

developed to target integrase (Craigie, 2001). The lack of good 

lead compounds is a bottleneck of drug development. Many 

compounds inhibit integrase but majority of them lack selectivity 

and inhibit other enzymes, too. Upon targeting integrase, HIV 

replication can be inhibited in cell culture (Hazuda et al., 2000). 

The structure of an inhibitor complexed with the active site of 

integrase has been determined (Goldgur et al., 1999). The binding 

modes in the absence and presence of DNA substrate are not 

identical and this issue led to suggest the selectivity of the DNA 

strand transfer reaction and the much higher affinity of these 

inhibitors for integrase in the presence of viral DNA (Espeseth et 

al., 2000). Hence, it is necessary to determine the structure of 

these inhibitors in complex with an integrase active site engaged 

with DNA to understand the interaction in detail in providing a 

platform for novel drug design. The basic knowledge in 

overcoming the mechanism of retroviral integration contributes to 

fight against AIDS. The present study aimed to study about 6 

chloro 2 oxo 4 phenyl 1,2 dihydroquinolin-3-yl acetic acid, 

Quinoline class of HIV-1 integrase inhibitors in order to analyze 

the drug-protein interaction as a new series of HIV-1 IN 

inhibitors.  
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Data Set  

 
Fig.1: 3LPT|HIV integrase-Human immunodeficiency virus 1 

The three-dimensional, known protein-ligand complexes 

identified experimentally were obtained from Protein Data Bank 

(PDB). Biological databases like PDB (protein data bank), 

pubchem, can be used for the same. The protein sequence of 

Protein 3LPT|HIV integrase-Human immunodeficiency virus 1, 

expressed in E.coli was retrieved (Fig.1). The Prosite tool was 

used to analyze the parameters of the protein at 

www.expasy.org/prosite. All the protein parameters concerning 

amino acid composition, secondary structure prediction, 

hydrophobicity, isoelectric point, etc. were analyzed. The final 

model was used for docking by subjecting the PDB model to 

several repeated cycles of energy minimization using SPDBV 

software (Guex and Peitsch, 1997). 

 

ProtParam 

From the protein sequence, the computation of various 

physicochemical properties can be deduced with no additional 

information on the protein. The protein in the form of a raw 

sequence or as specified with a Swiss-Prot/TrEMBL accession 

number or ID. White space and numbers were ignored. By 

default, the complete sequence was analyzed. The choice 

included the possibility to enter the start and end positions in two 

boxes and also the selection of mature domains, peptides, or 

chains from the Swiss-Prot feature table. ProtParam was used to 

compute the parameters including GRAVY (grand average of 

hydropathicity), theoretical pI, aliphatic index, molecular weight, 

instability index, estimated half-life, extinction coefficient, 

atomic composition, and amino acid composition. The theoretical 

pI and Molecular weight were calculated to compute pI/Mw. The 

atomic and amino acid compositions were self-explanatory 

(Gasteiger et al., 2005).  

The extinction coefficient is the light absorbed by a protein at a 

specific wavelength. It is useful to have an estimation of this 

extinction coefficient of a protein using a spectrophotometer 

during protein purification. By knowing the amino acid sequence 

of a protein we can estimate the molar extinction coefficient of it. 

The following equation was used to compute the extinction 

coefficient of a native protein in water: 

E (Prot) = Numb (Tyr)×Ext (Tyr) + Numb (Trp)   × Ext (Trp) 

+ Numb (Cystine)   × Ext (Cystine) 

The absorbance (OD) is calculated by using the following 

formula:  

Absorb (Prot) = E (Prot) / Molecular weight 

Based on the above equations, two values were obtained by 

ProtParam, which both were for proteins measured at 280 nm in 

water. The 1st one showed the computed value based on the 

assumption that all pairs of Cys residues were form cystines (i.e. 

all cysteine residues appear as half cystines), and the 2nd one 

assuming all Cys residues are reduced (i.e. assuming that no 

cysteine appears as half cystine). Experiences show that the 

computations for proteins containing Trp residues are quite 

reliable; however, there may be more than 10% error for proteins 

without Trp residues. 

 

SOPMA 

SOPMA (Self-Optimized Prediction Method with Alignment) 

(Levin et al., 1986) is a secondary structure prediction based on 

multiple alignments, by which 69.5% of amino acids of the 

secondary structure for a 3-state description (coil, beta-sheet, and 

alpha-helix) in a whole database containing 126 chains (<25% 

identity) of non-homologous proteins were predicted. 82.2% of 

residues for 74% of co-predicted amino acids can be predicted by 

SOPMA. Sequences alignment information belonging to the same 

family is taken into account in SOPMA (Geourjon and Deleage, 

1995). 

 

Inhibitors used in the present study 

6 chloro 2 oxo 4 phenyl 1,2 dihydroquinolin-3-yl acetic acid 

 

Quinoline class of HIV-1 integrase inhibitors has an ancillary 

aromatic ring and a quinoline subunit, which are linked by 

functionalized spacers including urea, hydrazide, amide, and 1-

hydroxyprop-1-en-3-one moieties be potent HIV-1 IN inhibitors 

in vitro. Many polynucleotidyl transferases that are related to 

HIV-1 IN, have 2 divalent metal cations, with 4 Å separation in 

their active sites. Potential IN inhibitors based on the quinoline 

substructure link to an aryl nucleus with different hydroxy 

substitution patterns and easily interact at this site. Since 

styrylquinoline derivatives inhibit the disintegration assay 

performed by the active site with deletion mutation, they target 

the IN core domain. 

These styrylquinoline derivatives target the core domain of IN 

since they inhibited the disintegration assay by the active site 

containing deletion mutation (Bénard et al., 2004). 

https://www.rcsb.org/pdb/search/smartSubquery.do?smartSearchSubtype=TreeEntityQuery&t=1&n=11676
https://www.rcsb.org/pdb/search/smartSubquery.do?smartSearchSubtype=TreeEntityQuery&t=1&n=11676
http://www.expasy.org/prosite
../../../auth:Guex,N
../../../auth:Peitsch,MC
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Fig 2: 6 chloro 2 oxo 4 phenyl 1,2 dihydroquinolin-3-yl acetic 

acid 

Generation of 6 chloro 2 oxo 4 phenyl 1,2 dihydroquinolin-3-yl 

acetic acid 3D structure 

ChemSpider server was used to generate 3D structure of 6 chloro 

2 oxo 4 phenyl 1,2 dihydroquinolin-3-yl acetic acid (Fig.2) and 

SMILES notation of 6 chloro 2 oxo 4 phenyl 1,2 dihydroquinolin-

3-yl acetic acid was found in ChemSpider that was used to 

translate this 3D structure by SMILES translator online server, 

employing JAVA based structure applet in ChemSpider. Then the 

Universal Force Field (UFF) molecular mechanics was used to 

reframe the geometric and the final geometry was done by Semi 

empirical Quantum mechanics method (QM). Finally, 6 chloro 2 

oxo 4 phenyl 1,2 dihydroquinolin-3-yl acetic acid structure was 

saved as MOL file for further docking procedure. Molecular 

Formula is C17H12ClNO3 with an average mass of 313.735 Da and 

Monoisotopic mass of 313.050568 Da. The ChemSpider ID is 

804714 (Ayers, 2012).  

Molecular Docking  

Molecular docking tool helps in computer-assisted design and the 

structural molecular biology to identify the binding compatibility 

of the ligand with a three-dimensional structure enabling this to 

find out the intermolecular complex formed between the two 

molecules (Lengauer and Rarey, 1996). Based on the binding 

strength and complex energy evaluation of the binding affinity 

between the protein and the ligand can be predicted using the 

scoring function by molecular docking (Kitchen et al., 2004) that 

may result in the inhibition or activation of the enzyme. It is used 

as the most prevalent method in drug design because it can 

predict the accuracy and the conformation of small molecule 

ligands with the target binding site (Meng et al., 2011). Based on 

the affinity of the ligand-receptor complex, molecular docking 

algorithms also execute strings of the docked compounds (Huang 

and Zou, 2010). For designing the drug of the therapeutic target, a 

detailed understanding of the principles gives the outline of 

different interactions for which, a variety of docking methods are 

employed. Scoring function dictates the optimal binding. A pose 

is generated during the computational docking, scored, and 

compared with the previous pose, which is decided based on the 

score whether to consider or delete the previous pose. This 

scoring iteration has to be continued until it achieves an endpoint  

and identifies the perfect fit. 

ArgusLab software packages are used to implement different 

molecular docking algorithms according to various search 

methods, (Thompson, 2004). In this investigation, molecular 

docking was performed using ArgusLab and SwissDock 

software. ArgusLab is a genetic algorithm-based molecular 

modeling, graphics, and drug designing program implemented 

with exhaustive search methods, the AScore scoring function and 

Argus Dock docking engine able to perform molecular structure 

visualization and molecular geometry calculations (Wang et al., 

2004). ArgusLab is consisting of a grid resolution of 20Å. The 

ligand and binding site groups were created using ChemSpider 

with ID 804714. Then the 3D structure of 6 chloro 2 oxo 4 phenyl 

1,2 dihydroquinolin-3-yl acetic acid was opened in the ArgusLab 

that was then introduced and docking calculation was allowed to 

run using shape-based search algorithm and scoring function. 

Docking was performed with HIV-1 IN protein.  

Results and Discussion 

Protein Sequence 

>3LPT:A|PDBID|CHAIN|SEQUENCE 

GSHMHGQVDCSPGIWQLDCTHLEGKVILVAVHVASGYIE

AEVIPAETGQETAYFLLKLAGRWPVKTVHTDNGSNFTSTT

VKAACWWAGIKQEFGIPYNPQSQGVIESMNKELKKIIGQV

RDQAEHLKTAVQMAVFIHNKKRKGGIGGYSAGERIVDIIA

TDIQTKE 

 

Amino acid Composition 

Length = 166 amino acids 

Molecular Weight = 18170.78 Daltons 

Theoretical pI: 7.21 

Ala (A)  14   8.4% 

Arg (R)   4   2.4% 

Asn (N)   5   3.0% 

Asp (D)   6   3.6% 

Cys (C)   3   1.8% 

Gln (Q)  10   6.0% 

Glu (E)  11   6.6% 

Gly (G)  17  10.2% 

His (H)   7   4.2% 

Ile (I)  15   9.0% 

Leu (L)   8   4.8% 

Lys (K)  13   7.8% 

Met (M)   3   1.8% 

Phe (F)   4   2.4% 

Pro (P)   5   3.0% 

Ser (S)   8   4.8% 

Thr (T)  11   6.6% 

Trp (W)   4   2.4% 

Tyr (Y)   4   2.4% 

Val (V)  14   8.4% 

Pyl (O)   0   0.0% 

Sec (U)   0   0.0% 

 (B)   0   0.0% 

 (Z)   0   0.0% 

 (X)   0   0.0% 

https://www.emeraldinsight.com/author/Ayers%2C+Meredith
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Total number of negatively charged residues (Asp + Glu): 17 

Total number of positively charged residues (Arg + Lys): 17 

 

Atomic composition 

Carbon        C       810 

Hydrogen    H      1278 

Nitrogen     N        224 

Oxygen       O       239 

Sulfur         S          6 

 

Formula: C810H1278N224O239S6 

Total number of atoms: 2557 

Ext. coefficient  28085 

Abs 0.1% (=1 g/l) 1.546, assuming all pairs of Cys residues form 

cystines 

Ext. coefficient 27960 

Abs 0.1% (=1 g/l) 1.539, assuming all Cys residues are reduced 

Estimated half-life: 

The N-terminal of the sequence considered as G (Gly). 

The estimated half-life is >10 h (Escherichia coli, in vivo), >20 h 

(yeast, in vivo), 30 h (mammalian reticulocytes, in vitro). 

Instability index: 

The instability index (II) is computed to be 36.41. This classifies 

the protein as stable. 

Aliphatic index: 86.93 

GRAVY (Grand average of hydropathicity): -0.208 

SOPMA 

The parameters of secondary structure by SOPMA are  

Similarity threshold: 8 

Window width: 17 

Number of states: 4 

The secondary structure analysis was conducted by various tools 

such as SOPMA. It contains various types of secondary structures 

like 72 Alpha helices, 24 extended strands, 13 Beta turns and 57 

Random coils (Fig 3).   

 

 
Fig. 3: SOPMA Analysis 

Virtual Docking Results 

 

Fig.4: Ligand docked onto HIV-1 Integrase 3LPT 

Docking was carried out to evaluate the drug-protein interactions. 

It was reported that the binding of the drug molecule to the HIV 

Integrase protein would lead to loss or no activity, which can be 

assessed based on the minimization of energy run for 200 cycles 

and the final Self-Consistent Field (SCF) energy status was -

135.2363727469 au or -84862.1817 kcal/mol (Thompson and 

Schenter, 1995; Thompson, 1996) and the final geometrical 

energy was 0.0624080103 au or 39.1617 kcal/mol (Thompson 

and Schenter, 1995; Thompson, 1996). The bonded topology 

parameters between 6 chloro 2 oxo 4 phenyl 1,2 dihydroquinolin-

3-yl acetic acid-HIV-1IN indicated that the total number of bonds 

was 24 with 34 bond angles and the number of dihedral angles 

was 45 and the important torsions were 8. The number of 

candidate poses found was 8. three final unique configurations 

were considered by clustering the final poses. The best ligand 

pose energy was -1.96224 kcal/mol.  
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This is related to the real effect on the patients and serves the best 

model to evaluate the effect of mutation in changing the protein 

folding and its effect on the inhibition. 

Conclusion 

It was concluded that drug-protein interaction of 6 chloro 2 oxo 4 

phenyl 1,2 dihydroquinolin-3-yl acetic acid-HIN IN 1 was stable 

and therefore the inhibition of HIV-1 IN activity can be 

maximized. 
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