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Abstract: Acquired Immunodeficiency Syndrome (AIDS), belonging to the retrovirus family is 

one of the most devastating contagious diseases of this century. Most of the available approved 

drugs are small molecules which are used in antiretroviral therapy (ART) that trigger the 

therapeutic response through binding to a targeted protein, HIV-1 protease (PR). This protein 

represents the most important antiretroviral drug target due to its key role in viral 

development inhibition. Computational tools using computer-aided technologies have proven 

useful in accelerating the drug discovery. In this study we evaluated selected FDA (USA) 

approved antimalarial drugs against HIV-1 protease to find a potential inhibitor candidate for 

HIV-1 PR (PDB 6DJ1). Binding affinities and Ki inhibition constant of an AutoDock 4.2 study 

suggest that of all assessed antimalarial agents, Lumefantrine (LUM) would be a most 

promising HIV-1 PR inhibitor. 

Introduction 

Human Immunodeficiency Virus (HIV) produces 
dimeric aspartyl protease, which specifically cleaves 
the polyprotein precursors that encode structural 
proteins and enzymes of viruses (Debouck, 1992). HIV 
Protease (PR) has significant role in the viral life cycle 
(Chatterjee, Mridula, Mishra, Mittal and Hosur, 2005). 
Protease inhibitors (PIs) are vital drugs in active 
antiretroviral therapy for HIV-1 infections (Ellis et al., 
2008). HIV-1 PR is an imperative drug target due to its 
key role in viral growth (Zondagh, Balakrishnan, 
Achilonu, Dirr and Sayed,  2018). Such proteolytic 
activity is vital for the production of matured virions 
and is, therefore, a  striking target for therapeutic 
intervention (Stebbins and Debouck, 1997). Since both 
PR inhibitors (PIs) with reverse transcriptase 
inhibitors are included in the therapy, reductions in 
AIDS-associated deaths were observed in the mid-90s 
(Pau and George, 2014). HIV PIs, hustling drug 
resistance when mutations arise to the active and 
nonactive site of the PR (Nayak, Chandra, and Singh, 
2019). However, long-term usage of these drugs 
induce mutations that cause drug resistance that 
challenge the long-term effectiveness in the medication 
of HIV-1-infected individuals (Havlir and Gandhi, 
2015). A newer approach to anti-retroviral therapy is 
to design allosteric inhibitors against protease (Desai, 
Dikshit, and Iyer, 2012). Allosteric inhibitors are 
meanwhile studied extensively for developing 
therapeutics that prevent the proliferation of the virus. 
Certain antiretroviral agents constrain malaria-
parasite growth, also some antimalarial drugs were 
shown to have weak antiretroviral effects (Skinner-
Adams, McCarthy, Gardiner and Andrews, 2008). 
Computational techniques for binding-affinity 
prediction and molecular docking were considered in 
terms of their utility for drug discovery (Meng, Zhang, 
Mezei, and Cui, 2011). This study screens for 
appropriate inhibitors of this life-threatening viral 
enzyme. Most FDA-approved drugs prompt a 
therapeutic retort by binding to a target biological 
macromolecule (Feinberg et al., 2018). Computational 
techniques for binding-affinity prediction and 

molecular docking have long been utilized for the drug 
discovery (Leelananda and Lindert, 2016). AutoDock 
(AD) is appropriate for the docking studies for drug-like 
molecules binding to the viral protein targets (Forli et 

al., 2016). To screen for suitable antimalarials to treat 
or prevent HIV, we used a docking approach, which 
predicted the ligand-binding score and inhibition 
constant (Ki). The human Acquired Immunodeficiency 
Syndrome (AIDS) is caused by a lentivirus group 
belonging to the group of retroviruses. First identified 
in 1981, HIV is the cause of one of mankind’s fatal and 
most persistent epidemics. HIV produces retroviral 
aspartyl protease to cleave the structural proteins of 
viruses (Stingone, Sarmati, and Andreoni, 2020) and 
this proteolytic activity is required for viral maturation 
(Stebbins and Debouck, 1997). HIV protease (PR) 
shows an imperative role in the viral life cycle 
(Chatterjee et al., 2005). From this scenario, we know 
that protease inhibitors (PIs) are vital drugs to treat 
HIV-1 viral infections (Ellis et al., 2008). HIV-1 PR is a 
significant drug target due to its key role in viral growth 
(Arts and Hazuda, 2012; Zondagh et al., 2018). Because 
of the inclusion of reverse transcriptase (RT) with 
protease inhibitors (PIs) to reduce the AIDS-associated 
deaths were observed in the mid-90s (Pau and George, 
2014). Antiretroviral chemotherapy fails if there is drug 
resistance. Medicines that once controlled HIV, may not 
be effective anymore if drug resistance evolves and 
spread. Drug-resistant HIV patients commonly have 
drug resistance to HIV treating drugs 
(https://aidsinfo.nih.gov). Hence, there is a constant 
demand for ever more effective anti-HIV compounds 
(Qureshi, Rajput, Kaur, and Kumar, 2018). There is 
currently no vaccine to prevent HIV infection. Hence, 
researchers are trying different approaches to find 
alternative solutions (https://www.hiv.gov). The most 
effective medicines among HIV PIs are Lopinavir (LPV) 
and Darunavir (DRV). However, they are fostering drug 
resistance due to mutations occurring either at the 
active or non-active site of the protein (Nayak et al., 
2019). Particularly the continuous use of these drugs 
induces mutations leading to drug resistance, which 
challenge long-lasting efficacy in the medication of HIV-
1-infected individuals (Havlir and Gandhi, 2015). For 
low-income patients drug resistance provides 
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particularly a serious health threat (Pennings, 2013).  
Research in HIV is a challenging and intricate task that 
is highly resource-demanding (time-, money-, and 
manpower-consuming (Amzel et al., 2013). Drug-
repositioning studies resulted in the pioneering of 
computational methods for the identification of highly 
suitable drug candidates from already approved ones 
(Jin & Wong, 2014). Such repositioned drugs would 
lessen the time and other efforts to develop promising 
drug candidates. These could go directly to pre-clinical 
testing and clinical trials, further reducing developing 
costs (Ashburn and Thor, 2004). Certain antiretroviral 
agents can inhibit the growth of the malaria-causing 
protist Plasmodium. Besides, some antimalarial drugs 
have weak antiretroviral effects (Skinner-Adams et al., 
2008). Cheminformatic tools were found to be 
extremely valuable in medicinal drug development 
(Poli, Galati, Martinelli, Supuran, and Tuccinardi, 
2020). The present study focuses on identifying lead 
compounds for this life-threatening viral enzyme from 
FDA-approved antimalarial drugs by using AutoDock 
(AD) 4.2. A therapeutic response via binding to a 
targeted enzyme is mainly achieved by small organic 
molecules - which holds for the majority of drugs with 
FDA-approval (Feinberg et al., 2018). Molecular 
docking pose and the prediction of binding-affinity are 
the main determinants for drug discovery by in silico 
approaches (Leelananda and Lindert, 2016). AD is 
suitable for docking studies for compounds that bind 
to proteins such as to HIV-1 PR (Forli et al., 2016). To 
predict the most suitable FDA approved antimalarial 
drug against HIV-1, we obtained the receptor–ligand 
binding score and the inhibitor constant Ki.  

Materials and Methods 

Target Protein 

Global commitment to control the HIV/AIDS 
pandemic has increased (Meier, Evans, and Phelan, 
2020). In this scenario AIDS-associated deaths 
reduced in the mid-90s because of the inclusion of 
both PR inhibitors (PIs) with reverse transcriptase 
inhibitors in therapy (Wong-Sam et al., 2018). The 
target protein is a Wild-type HIV-1 protease (PDB 
6DJ1), protein resolution: 1.26 Å.  

Drug structural data 

Antimalarial and HIV Drug data were retrieved from 
the PubChem database for this study (see Table 1 and 
Table 2). Structural data of drugs are available in a 
supplementary section. PubChem is an open 
repository for small molecules and their experimental 
biological activity (Bolton, Wang, Thiessen, and  
Bryant, 2008). It integrates and provides search, 
retrieval, visualization, analysis, and programatic 
access tools in an effort to exploit the efficacy of 
contributing information (Bolton et al., 2011).  

Cygwin 

Cygwin was used to perform AutoDock 4.2 molecular 
docking in the Windows operating system (OS) (Rizvi, 
Shakil, and Haneef, 2013). Cygwin Packages are 
publicly available for docking operations at 
https://www.cygwin.com. 

AutoDock 4.2 

AutoDock is an open-source application for 
performing molecular docking to predict ligand-
receptor interactions (Pagadala, Syed, and Tuszynski, 
2017). AutoDock is a serial application but several 
previous efforts parallel various aspects of the 
program (Norgan et al., 2011, 2011). In this study 
AutoDock 4.2 was used to predict the binding-affinity 
and molecular docking score for Wild-type HIV-1 PR 
(PDB 6DJ1)(Norgan et al., 2011). AD 4.2 suite is an 
open-source software for virtual screening and 
computational docking (Cosconati et al., 2010). This 
suite includes several complementary tools (Forli et 
al., 2016).  

5.     Computational methods 

5.1.  Targeted enzyme stability 

In this study the target protein is a Wild-type HIV-1 
protease (PDB 6DJ1) available from the RCSB PDB as a 
complex with Lopinavir (Rose et al., 2011) with a 
resolution of 1.26 Å (Wong-Sam et al., 2018). The 
native ligand (Lopinavir) water molecules were 
removed from PDB 6DJ1 for the docking study. The 
enzyme stability was calculated by using GROMACS 
molecular dynamics simulation (York et al., 1993; 
Lemkul, 2018) prior to the molecular docking 
experiment. 

5.2. Ligands for docking study 

Antimalarial and HIV Drug data were collected from 
PubChem for this study (see Table 1 and Table 2).  
PubChem is a public data repository that provides 
experimentally obtained data for small molecules 
(Bolton et al., 2008). PubChem allows the search for 
and retrieval as well as visualization of chemical 
information (Bolton et al., 2011). 

5.3. Cygwin 

The cygwin software was used to perform AutoDock 
4.2 molecular docking in the Windows Operating 
System (OS)(Sharma et al., 2019). Cygwin is publicly 
available and free to download from: 
https://www.cygwin.com. 

5.4. Molecular docking 

In this molecular docking approach AD 4.2 was used to 
predict the binding-affinity, molecular docking pose, 
and Ki for the viral enzyme (PDB 6DJ1). AD 4.2 
predicts receptor-ligand interactions and is publicly 
available for molecular docking studies (Pagadala et 
al., 2017). AD provides alternative functions of the 
program (Norgan et al., 2011) and this docking 
program is an open-source platform for virtual 
screening and computational docking (Cosconati et al., 
2010).  

5.4.1. Grid generation 

In this experiment, the grid box dimension values 
were attuned up to Grid center X-dimension: 100, Y-
dimension: 126, Z-dimension: 126; Grid box spacing 
(in Ångström) X-center: 15.381, Y-center: 17.175, Z-
center: 65.532 with an exhaustiveness value=8 
(Abbasi et al., 2018). All the test compounds were 
docked distinctly with HIV-1 protease structure (PDB 
ID: 6DJ1). Generated docked enzyme inhibitor 
complex structures from the tool were assessed on the 
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basis of minimal binding energy (kcal/mol) values 
and the patterns of hydrogen interaction visualized in 
BIOVIA Discovery Studio (DS) (Dassault Systèmes 
BIOVIA, 2016). 

6. Docking and data visualization 

All test compounds were individually docked with the 
X-ray crystallography (XRC) structure of HIV-1 
protease (PDB ID: 6DJ1). The docked protein-ligand 
complexes were compared for interaction patterns of 
hydrogen and best value fits of binding energy 
(kcal/mol). 

Results and Discussion   

Targeted enzymes were simulated in a water model prior 
to the molecular docking study using GROMACS to know 
its enzyme stability. Gyration of the test enzyme is shown 
in Fig. 1. This study targeted the identify of specific 

inhibitors of this critical viral enzyme from approved 
antimalarial drugs. Based on AutoDock 4.2 we revealed 
suitable HIV protease inhibitors from this source. 
Discovery studio was used to visualize the protein and 
docking results. AutoDock 4.2 based docking was used to 
approach aid to identify novel HIV protease inhibitors. 
AutoDock was carried out, which uncovers two lead 
molecules from a list of selected antimalarial drugs (see 
Table 1). From the tested drugs, we obtained the docking 
score for FDA approved antimalarial and anti-HIV drugs 
shown in Table 1 and STable 2. From the comparison of 
docking score and Ki inhibition, constant values show that 
the antimalarial drug LUM binding affinity was -13.19 
kcal/mol, with an inhibition constant of 213.55 pM against 
HIV-1 protease. This lowest binding affinity and Ki value of 
LUM provided the best value compared to other tested 
ligands. Antimalarial drugs were docked in silico and the 
free binding energy and Ki values were obtained by using 
open source cygwin and AD tools. We found that LUM 
showed the best binding affinity and Ki values in virtual 
docking platform. Hence, we concluded that LUM has 
potency against HIV-1 PR. Antimalarial drugs docked to 
calculate the binding free energy to screen a suitable drug 
candidate against HIV-1 PR. The findings reported here 
provide therapeutic potentials against HIV-1. LUM was 
originally recommended for the treatment of 
uncomplicated malaria (https://www.who.int).

Conclusion         

Figure 1. GROMACS: Gyration of targeted viral protein  

Molecular simulation and docking approaches were used 
to find a HIV protease inhibitor. We conclude from the 
obtained docking results using molecular docking tools 
that LUM might have potency to interrupt the HIV-1 
maturation. To confirm LUM activity, we need to 
perform a Nucleic Acid Amplification Test (NAAT or 
NAT) in HIV-1 infected probands after treating them 
with LUM. Since this would be a clinical test later in 
drug approval for the repurposing of LUM as a HIV 
remedy. 
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