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Abstract 

Recent outbreak of novel Coronavirus disease (Covid-19) pandemic around the world is 

associated with severe acute respiratory syndrome. The death toll associated with the pandemic 

is increasing day by day. SARS-CoV-2 is an enveloped virus and there are ample evidences that 

its Spike protein (S-protein) is mainly associated with pathogenesis as it is surface-exposed and 

mediates entry into host cells by binding to angiotensin-converting enzyme-2 (ACE-2) receptor. 

Therefore, it is the main target of neutralizing antibodies upon infection and there is always a 

quest to inhibit the S-protein which in turn may help in controlling diseases caused by SARS-

CoV-2 in humans. The role of Chloroquine and Hydroxychloroquine as potential treatments for 

Covid-19 is still under debate globally because of some side effects associated with it. This study 
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involves the In silico interactions of Chloroquine and Hydroxychloroquine with the S-protein of 

SARS-CoV-2. With the help of various computational methods, we have re-explored the 

potential role of both of these antiviral drugs for the treatment of Covid-19 patients by 

comparing the efficacy of both of the drugs to bind to S-protein at its host receptor region. In our 

research Hydroxychloroquine exhibited potential inhibitory effectsof  S-protein with binding 

energy -7.28 kcal/mol than Chloroquine (-6.30 kcal/mol) at SARS-CoV-2 receptor recognition of 

susceptible cells. The outcomes of this research strongly appeal for in vivo trials of 

Hydroxychloroquine for the patients infected with Covid-19. Furthermore, the recommended 

doses of Hydroxychloroquine may reduce the chances of catching Covid-19 to the healthcare 

workers and staff who are in contact with or delivering direct care to coronavirus patients as long 

as they have not been diagnosed with Covid-19. We further hypothesize that the comparative S-

protein-drug docking interactions may help to understand the comparative efficacy of other 

candidate repurposing drugs until discovery of a proper vaccine. 

Keywords: Coronaviruses; SARS-CoV-2; Covid-19; Docking studies; Chloroquine;  

Hydroxychloroquine; Spike protein 

 

Introduction 

Coronaviruses (CoVs) have been a major causative factor for the outbreak of human fatal 

pneumonia since the beginning of the 21st century (Subramanian et al., 2020 ; Xintian et al., 

2020). The break out of severe acute respiratory syndrome coronavirus (SARS-CoV) in 2003 

followed by the spread of Middle East Respiratory Syndrome Coronavirus (MERS-CoV) that 

caused a fatality rates of 10% and 35% respectively (Prabakaran et al., 2004). Both SARS-CoV 

and MERS-CoV are zoonotic viruses, and their hosts are bat/civet and dromedary, respectively 
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(Guarner et al., 2020; Subramanian et al., 2020). Novel corona (2019-nCoV) has been 

characterized as a homologous and a close relative of SARS-CoV (Rameez et al., 2020). The 

International Virus Classification Commission has classified 2019-nCoV as Severe Acute 

Respiratory Syndrome Coronavirus-2 (SARS-CoV-2) on February 11, 2020. At the same time, 

WHO named the disease caused by 2019-nCoV as Covid-19.  

CoVs are positive sense RNA genome belonging to the Coronaviridae family of the 

order Nidovirales (Bosch et al., 2013). These are divided into four genera α, β, γ, and δ. The 

SARS-CoV-2 belongs to the β genus that contain at least four structural proteins: Spike (S-

protein), envelope (E) protein, membrane (M) protein, and nucleocapsid (N) protein (Sarma et 

al., 2020). Among these proteins, Spike glycoprotein determines to some extent the host range as 

it promotes host attachment and virus–cell membrane fusion during virus infection (Anwarul et 

al., 2020; Alexandra et al., 2020). It has now been established that SARS-CoV-2 binds to S-

protein to angiotensin-converting enzyme-2 (ACE-2) receptor on the surface of cells in order to 

enter into the  human cells (Manoj et al., 2020; Ge et al., 2013). The spikes at the surface of the 

virus are like keys. Our own cells have certain locks at their surface (Maryam et al., 2020). If 

the key matches the lock, the virus enters, hijacks our construction workers, and replicates 

(Ge et al., 2013; Phrabakaran et al., 2004). So it makes sense to either minimize the number of 

these locks at the surface of our cells or to interfere with the key (S-protein) to protect 

ourselves.  

Some of the common symptoms of a person infected with Covid-19 include:  respiratory 

symptoms, fever, cough, shortness of breath, and dyspnea (Salman et al., 2020; Huang et al., 

2020). Multiple figures are being reported worldwide relating the death toll, survival rate, age 

factor and infection multiplicity etc (Heng et al., 2020). Covid-19 related infections have 
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sporadically invaded to above 200 countries worldwide and till now (18
th

 April, 2020) and the 

resulting pandemic has caused a death toll of about 154,000.0 and about 2.25 million confirmed 

cases around the world.  Due to insufficient testing facilities in general and its acute shortage in 

developing countries, these figures are suspected to rise in the future. 

To date, no specific drug or vaccine has been approved for the treatment of Covid-19 and 

one have to rely upon the conventional/existing therapeutic agents including pain killers and 

antiviral agents etc (Wu et al., 2020).  As a basic measure of safety the Governments urge social 

distancing to stymie the virus' spread. Medical practitioners are relying upon the already 

approved therapeutic agents to combat with the situation. Therefore, repurposing of known small 

molecules seems to be very efficient way in order to develop potent drugs to combat SARS-

CoV-2 pandemic in this short time period (Salman et al., 2020; Nisha et al., 2020; Ammar et al., 

2020; Aanouz et al., 2020) 

There are media reports / debates about the efficacy of already approved anti-malarial 

agents against Covid-19 (BBC world service news 4
th

 April, 2020 & White House press release 

etc). Of them, Chloroquine (CQ) and Hydroxychloroquine (HCQ) are in trials in many countries 

(Zhonghua et al., 2020).  According to a latest report as 14
th

 April, 2020 at least 80 trials of CQ 

and HCQ or both, sometimes in combination with other drugs, are registered worldwide (Lenzer 

et al., 2020;  http://www.chictr.org.cn).  

Chloroquine and Hydroxychloroquine belong to the 4-aminoquinolines family of the 

drugs. The possible activity of 4-aminoquinolines in infectious mononucleosis was first 

proposed in 1960, before its viral cause was known (Robin et al., 2020).  The conclusion of 

several clinical trials (randomized, double blind, placebo), some with positive results and some 

negative proved it an anti-malarial agent (Salata et al., 1967). Their efficacy has been attributed 
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to different mechanisms. For example, they are weak bases and increase endosomal pH in host 

intracellular organelles, inhibiting auto-phagosome-lysosome fusion and inactivating enzymes 

that virus require for replication (Suyash et al., 2020; Rakesh et al., 2020; Mauthe et al. 

2018).  They may also affect glycosylation of ACE-2, the receptor that SARS-CoV-2 uses to 

enter cells (Schrezenmeier1 et al., 2020). The effective treatment for Covid-19 is sorely needed 

and is only possible by the development of a proper vaccine or new antiviral agents that target 

specific structures in SARS-CoV-2 including S-protein. Various types of treatments (Hussain et 

al., 2020) including antiviral drugs, SARS- CoV and MERS- Cov antibodies are being used by 

clinicians (Sukanth et al., 2020; Abdo et al., 2020).  Recently, a combination therapy of 

hydroxychloroquine and azithromycin was studied and the results of open labeled non 

randomized clinical trial were published (Sukanth et al., 2020).  

The existing drugs may show anti-Covid-19 activities in vitro but may later prove to be 

more harmful than beneficial (Aanouz et al., 2020; Rajib et al., 2020;  Chorin et al., 2020). 

That’s why too many medicines have been withdrawn because of adverse reactions after 

showing clinical promise (Chorin et al., 2020). 

In this study we have performed the docking interactions of CQ and HCQ with S-protein 

of SARS-CoV-2.  These interactions may provide an insight into the prohibitory profile of these 

drugs to the corona virus S glycoprotein. 

 

Methodology 

Spike glycoprotein and ligand preparation 

Acc
ep

te
d 

M
an

us
cr

ipt



SARS-CoV-2 Spike protein (pbd code 6VYO) was obtained from RCSB PDB (Chang et 

al., 2020) and was modified before use. Some unwanted water molecules present in S-protein 

were removed by the use of AutoDock 1.5.6 .as these molecules may interfere with the ligands 

in the docking process and the results obtained sans accuracy.  Similarly, the x-ray structure of S-

protein from pdb data bank lacks the Hydrogen atoms. Therefore, the Hydrogens were added 

manually. After calculating the Gasteiger charge (18.997) the structure was saved as pdbqt file 

format. The 3D structure of CQ and HCQ molecule in file sdf format was downloaded from 

(http://pubchem.ncbi.nlm.nih.gov) and was also modified before docking (Sarma et al., 2020; 

Gupta, et al., 2019). 

The CQ was prepared by using AutoDock 4.2, Some computed calculations associated 

with CQ were found to be: total charge +0.998 e, number of Rotatable bonds 8, torsions number 

of atoms 23, number of non-hydrogen atoms 22, number of vibrational degrees of freedom 63, 

umber of torsional degrees of freedom 8 etc. Similarly, for HCQ these calculations were found to 

be: total charge on +1.000 e, number of rotatable bonds 10, torsions member of atoms in 25, 

number of non-hydrogen atoms in 23, number of vibrational degrees of freedom of 69, number 

of torsional degrees of freedom 10 etc (Gupta et al; 2020; (Sarma et al., 2020).    The structure of 

S-protein and ligands are shown in Figure (1-2). 

  

Molecular Docking 

Ligand optimization was performed by Avogadro version 1.2, with Force Field type 

MMFF94, Geometry Optimization (number of steps 500, Algorithm Steepest Descent, 

Convergence 10e-7 and saved in pdbqt format. The grid box was configured by setting the 

suitable parameters (Grid point spacing 0.375 Angstroms, Even Number of User-specified Grid 
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Points (126 x-points, 126 y-points, 126 z-points), Coordinates of Central Grid Point of Maps (-

13.533, 19.390, 6.319).  Ligand tethering of the protein was performed by regulating the Genetic 

Algorithm (GA) parameters, using 10 runs of the GA criteria. The docking analyses were 

performed by using BIOVIA Discovery Studio (Accelrys 2018). 

Results and discussions 

Molecular docking of the CQ and HCQ with the SARSCoV-2 S-protein were performed 

by using a semi-empirical free energy force field and a maximum of 10 modes of interaction of 

both drugs with S-protein were obtained. The conformations thus obtained were visualized 

carefully for their interference with the protein at binding site (Manoj et al, 2020). Four helix 

(Figure 1b) of S-protein contain a total number of 32 amino acids namely, THR54, ALA55, 

LEU56, GLY69, GLN70, GLY71, VAL72, PRO73, ILE74, ASN75, THR76, ASN77, SER78, 

SER79, PRO80, GLN83, THR135, GLU136, GLY137, ALA156, VAL158, LEU159, GLN160, 

LEU161, PRO162, GLN163, THR165, THR166, LEU167, ALA171, TYR172, ALA173. It was 

found that all of these residues were involved in the docking process with ligands. The 

interaction of the ligands with all amino acids of S-protein may attribute an excellent prohibitory 

efficacy to both of test drugs. These interactions are supposed to reduce the activity of S-protein, 

which in turn eases the virulence activity (Maryam et al., 2020). So far, the mechanism of such 

inhibitory effects have not been reported for Covid-19. However, one of the possible 

explanations might be the drug attack at S glycoprotein-ACE-2 binding site. SARS-CoV-2  uses 

ACE-2 to enter cells and that the receptor-binding domains of SARS-CoV-2 S-protein binds with 

similar affinities to human ACE-2, correlating with the efficient spread of SARS-CoV-2 among 

humans (Alexandra et al., 2020). Furthermore, SARS-CoV-2 S- protein harbors a furin cleavage 

site at the boundary between the S1/S2 subunits, which is processed during biogenesis (Saurabh 

Acc
ep

te
d 

M
an

us
cr

ipt



et al., 2020). Such functional subunits responsible for binding to the host cell receptor 

(S1 subunit) and fusion of the viral and cellular membranes (S2 subunit) might prove the Achill’s 

heel of SARS-CoV-2 for further vaccine investigations (Kirchdoerfer et al., 2016).  

Although we have presented our results in 10 conformations (and the conformation with 

high binding energy was sorted out) yet the immediate interaction of the drugs to spike can be 

perceived at all site in a single view.  The binding energies of all docked conformations for CQ 

and HCQ are presented in Table 1 

 Three-dimensional representation of intermolecular interaction of all conformations of 

CQ and HCQ with the S-protein are shown in Figure 3 and Figure 4 respectively. For the sake of 

clarity, the conformation possessing high binding energies for both CQ-protein interaction and 

HCQ-protein interaction are presented in Figure 5 and Figure 6 respectively. 

 The Conventional hydrogen bonding, Pi-donor hydrogen bonding, Carbon hydrogen 

bonding, van der Waals interaction, Alkyl interaction, π-Alkyl interaction and π-sigma 

interactions between SARS-CoV-2 S-protein and both of the drugs CQ and HCQ obtained with 

individual docking are presented only for two conformations having high binding energies 

(Table 2). 

 Through sequential docking, interactions of the drugs with the S-protein showed the 

binding energies ranging from -6.30 kcal/mol to -5.60 kcal/mol in the case of QC,  whereas -7.10 

kcal/mol to -4.24 kcal/mol in the case of HQC. Table 2 includes the conventional hydrogen 

bonding, π-donor hydrogen bonding, carbon hydrogen bonding, van der Waals interaction, 

Alkyl interaction, π -Alkyl interaction and π-sigma interactions between SARS-CoV-2 S-

protein and the considered drugs obtained with sequential docking. We observed that 
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hydrophobic interactions are dominant in SARS-CoV-2 S-protein-HCQ interaction than the 

same interaction for CQ (Table2).  The group interaction between S-protein, CQ are shown in 

Figure 9 (only for typical conformation with high binding energies). 

The group interaction of CQ with residues of Spike Protein involved: π – donor Hydrogen of 

benzene Nitrogen of CQ interacted with Hydrogen atoms of residue LEU161, π – Alkyl interaction was 

observed between Benzene Ring of CQ with carbon atom of Residue LEU167. Two Alkyl interactions 

were also observed between the carbon atom of CQ with carbon atom of Residue ALA173 and carbon 

atom of Residue VAL158. Two Conventional Hydrogen bond interactions were observed: with 

Hydrogen atom of CQ and Oxygen atom of Residue GLN160 and with Hydrogen atom of CQ and 

Oxygen atom of LEU159 (Figure 9). The group interactions of HCQ with the residues of Spike protein 

with respect to conformation 1 was also studied by using discovery studio (Figure 10). 

 Two Carbon–Hydrogen interactions were found to be occurred between carbon of HCQ 

with carbon atoms of GLY69 & C atom of THR135 residues.  One conventional Hydrogen bond 

interaction was observed between hydrogen atoms of HCQ with carbon atom of VAL72 residue. 

Pi – Alkyl interaction was observed between benzene ring (4.65A°) of HCQ with carbon atom of 

PRO162 residue. Alkyl interaction was also observed between the carbon atom of ILE74 residue 

with Cl atom of HCQ.  Three Pi-Sigma bond interactions were noted:  ILE74 CG2 residue with 

Benzene ring (3.93A°) of HCQ, ILE74 CG1 residue with benzene ring (3.24A°) of HCQ and 

between ILE74 CA residue with benzene ring (3.40A°) of HCQ. The HCQ also showed van der 

Waals interaction with the residue of S-protein such as GLN70, GLY71, PRO74, ASN75 and 

GLN83 (Gupta et al., 2019;  Accelrys 2018). 

Some important energy values like  Inhibition Constant, Final Intermolecular Energy , 

vdW + Hbond + desolv Energy, Electrostatic Energy , Final Total Internal Energy, Torsional Free 
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Energy  and Unbound System's Energy  of the “SARS-CoV2 ”  Spike protein with CQ and HCQ 

using AutoDock tool are presented (for the best ten conformations) in Table 3 and Table 4 

respectively.  The minimal binding energy of all conformations of CQ  were calculated in the 

range of -7.10 kcal/mol to -6.56 kcal/mol. HCQ  revealed minimal energies in the range of -8.26 

kcal/mol to -6.16 kcal/mol. The result obtained were found to be in consistent with an earlier 

study conducted for the calculation of  in silico binding energies of some inhibitors of SARS-

CoV protein by the use of AutoDock simulations (Manooj et al., 2020) 

 

Although both of the drugs were found to have a preference for interaction with residues 

belonging to the S-protein portion of the interface and that these favorable interactions may in-

turn limit the binding of the SARS-CoV-2 S-protein with the ACE-2 receptor, yet HCQ might be 

proffered to CQ for restricting covid-19 infection because of its better docking results (Table 1- 

2). Some in vitro studies reported the antiviral activity of QC and HQC against SARS CoV -2 

and there is a growing interest in the use of QC and HQC as potential treatments for interim 

(Gautret et al., 2020; Colson et al., 2020). Consequent upon the results of some clinical trials 

Chloroquine phosphate and hydroxychloroquine sulphate was advised a repurposing guest drug 

for the treatment of COVID-19 in case of emergency ((Sukanth et al., 2020). 

https://www.fda.gov/emergency-use-authorization#covidtherapeutics). The reports from the 

registered in vivo trials of QC and HCQ against covid-19 pandemic have been controversial (Liu 

et al., 2020). So far, medical healthcare staff is confused about the preferred efficacy of both of 

the drugs and it seems to be difficult for them to make choice between QC and HQC or both as 

repurposing drug (Liu et al., 2020). Some other experts are of the view that mild, moderate and 

severe Covid-19 cases be treated with 500 milligrams of CQ twice daily for 10 days (Colson et 

Acc
ep

te
d 

M
an

us
cr

ipt

https://www.fda.gov/emergency-use-authorization#covidtherapeutics


al., 2020). In another Chinese study it has been demonstrated that HCQ is more potent than CQ 

in inhibiting SARS-CoV-2 in vitro (Zhonghua et al., 2020). 

In the present computational study HCQ (binding energy -7.10 kcal/mol) revealed better 

affinity to interact with S-protein than CQ (-4.24 kcal/mol). The possible mechanism of inhibitory 

effect of CQ and HCQ has previously been suggested that it may increases endosomal pH and 

interferes with the glycosylation of cellular receptor of SARS-CoV and thereby it has the 

potential to block viral infection (Marmor et al., 2016). The structure of CQ and HCQ are exactly 

same except an additional hydroxy moiety in one terminal in HCQ.  However, an important 

question still remains to be answered is whether CQ or HCQ will be proved effective against 

SARS-CoV-2. Some previously published data show that HCQ effectively inhibited both the 

entry, transport and the post-entry stages of SARS-CoV-2, similar to the chloroquine (Liu et al., 

2020) and another study (Yao et al., 2020) found HCQ to be a more potent agent than CQ in 

inhibiting SARS-CoV-2 in vitro. Hydroxychloroquine regulates the body's immune response and 

is also used in the treatment of rheumatoid arthritis and Lupus - an inflammatory disease caused 

by an overactive immune system (Yao et al., 2020). Our study confirms the superiority of HCQ 

to CQ for its better interaction with S-protein in silico in terms of binding energy, total charge, 

vibrational and torsional degree of freedom etc.  

Moreover, it has been reported that HCQ and CQ change the pH of lysosomes and likely 

inhibits cathepsins that leads to the formation of the autophagosome which cleaves SARS-CoV-

2 S-protein (Wang et al., 2020). This is perhaps for the first time that we have explored another 

mechanism of SARS-CoV-2 viral inhibitory effect of CQ and HCQ by molecular docking.  
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These new developments may bring some hope for Covid-19 treatment, though more 

research such as calculation of thermodynamic parameter including free energy of binding for 

the drugs using MM-PBSA (MM-GBSA) is warranted to validate these findings. These 

thermodynamic parameters are considered much more reliable than the docking studies alone. 

 

Conclusions 

In conclusion, the publically available structure of the human SARS-CoV-2 Spike protein 

PDB code 6VYO and ligands (QC and HCQ) were downloaded and were employed for study 

after necessary modification as per desire of the software.  S-protein comprised of four chains. 

The ligand molecules interacted with all of these chains, characterized as A, B, C and D by 

random movement. It was found that all of these residues were involved in the docking process 

with ligands. The interaction of the ligands with all amino acids of S-protein yielded excellent 

binding energies. This may attribute an excellent prohibitory efficacy to test drugs to bind 

efficiently to the active sites and reduce the activity of S-protein. The mechanism of such 

inhibitory effects was proposed to be the drug attack at S glycoprotein-ACE-2 binding site which  

SARS-CoV-2 uses to enter to human cells. It is pertinent to note that, this is perhaps for the first 

time that we are reporting about the comparative efficacy of the drugs that are being used as 

frontline medications to combat with the menace of Covid-19. The outcome of this study will 

help in building the confidence and in boosting the clinical trials of Chloroquine and 

Hydroxychloroquine. Furthermore, we have explored that because of excellent docking results 

and less toxicity profile Hydroxychloroquine must be preferred to Chloroquine in controlling 

disease caused via SARS-CoV2 (Liu et al., 2020). In vivo trials of Hydroxychloroquine by 
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enrolling the patients and healthcare workers and staff who are in contact with or delivering 

direct care to coronavirus patients from different geographic regions are recommended to be 

conducted at its earliest. 
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Figure 1 (a) Structure of Spike protein pdb code 6VYO;( b) Four chains of Spike protein represented in 

different colors 
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Figure 2. Structure of (a) Chloroquine and (b) Hydroxychloroquine 
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Figure 3. Three-dimensional representation of intermolecular interactions of ten conformations 

of Chloroquine- ‘SARS-CoV-2’ S-protein complex; Binding energies range from -6.30 kcal/mol 

to -5.60 kcal/mol). 
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Figure 4.   Three-dimensional representation of intermolecular interaction of all conformations 

of Hydroxychloroquine- ‘SARS-CoV-2’ S- protein complex; Binding energies range -7.28 

kcal/mol to -4.20 kcal/mol. 
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Figure 5.   Three-dimensional representation of intermolecular interaction of conformation 1 of 

Chloroquine- ‘SARS-CoV2’ S- protein complex with high binding energy (-6.30 kcal/mol) 
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Figure 6.Three-dimensional representation of intermolecular interaction of conformation 1 of 

Hydroxychloroquine- SARS-CoV2 S protein complex with high binding energy (-7.28 kcal/mol)  
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Figure 7. Sequence of intermolecular interactions of conformation 1 of Chloroquine- SARS-

CoV-2 S-protein (helix, A, B, C &D) Complex with high binding energy (-6.30 kcal/mol). 
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Figure 8. Sequence of intermolecular interactions of conformation 1 of Hydroxychloroquine- 

SARS-CoV-2 S -protein (helix, A, B, C &D) complex with high binding energy (-7.28 

kcal/mol). 
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Figure 9. Group interaction of conformation 1of Chloroquine- SARS-CoV-2 S-protein complex with 

high binding energy (-6.30 kcal/mol). 
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Figure 10. Group interaction of conformation 1 of Hydroxychloroquine- SARS-CoV-2 S-protein 

(Complex with high Binding energy (-7.28 kcal/mol) 
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Table 1. Binding energies of Chloroquine and Hydroxychloroquine as determined through 

flexible ligand rigid receptor method 

Conformation # Binding Energies (kcal/mol) 

 CQ HCQ 

1 - 6.30 - 7.28 

2 - 6.20 - 7.10 

3 - 6.10 - 6.99 

4 - 6.00 - 6.70 

5 - 6.00 - 6.49 

6 - 5.90 - 6.45 

7 - 5.90 - 6.36 

8 - 5.90 - 5.23 

9 - 5.70 - 4.80 

10 - 5.60 - 4.20 
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Table 2. Results of detailed parameter Interactions between SARS-CoV-2 S-protein and drugs 

(CQ and HCQ) 

      Drug                                            Interactions 

 Conventional 

Hydrogen 

Bond 

Pi-Donor 

Hydrogen 

Bonding 

Carbon 

Hydrogen 

Bonding 

Van der 

Waals 

   Alkyl  Pi-Alkyl Pi-Sigma 

Chloroquine LEU159 O with 

HN 

LEU161 HN 

with 

benzene ring 

(2.56A°) 

 THR54 VAL158 

with C 

LEU167 

with 

benzene 

ring 

(4.30A°) 

 

 GLN160 OE1 

with HN 

  ALA55 THR173 

with C 

LEU 161 

with 

benzene 

ring 

(4.30A°) 

 

    PRO162    

    GLN163    

    THR165    

        

Hydroxychloroquine VAL72 C  with 

H 

 GLY69 C 

with C 

GLN70 ILE74 C 

with Cl 

PRO162 

C with 

benzene 

ring 

(4.65A°) 

 

   THR135 C 

with C 

GLY71   ILE74 

CG2 with 

Benzene 

ring 

(3.93A°) 

    PRO74   ILE74 

CG1 with 

benzene 

ring 

(3.24A°) 

    ASN75   ILE74 CA 

with 

benzene 

ring 

(3.40A°) 
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Table 3. Free binding energy ((kcal/mol)) scores of ten conformation of Chloroquine interaction 

with  ‘SARS-CoV-2’ Spike Protein (pdb 6VY) determined by flexible ligand-rigid receptor 

method 

Conformation

# 

Inhibition 

Constant 

(uM) 

Final 

Intermolecular 

Energy 

vdW + Hbond + 

desolv Energy 

Electrostatic 

 Energy 

Final 

Total 

Internal 

Energy 

Torsional Free 

Energy 

Unbound 

System's 

Energy 

1 349.93 -7.10 -7.30 +0.20 -0.83 +2.39 -0.83 

2 399.94   -7.02  -6.97 -0.05 -1.01 +2.39 -1.01 

3 570.24 -6.81 -7.01 +0.19  -1.02 +2.39 -1.02 

4 361.64 -7.08 -7.28 +0.19  -0.99 +2.39 -0.99 

5 119.82 -7.74 -7.59 -0.15 -1.35 +2.39 -1.35 

6 236.30 -7.33 -7.45 +0.12 -0.91  +2.39 -0.91 

7 772.34 -6.63 -6.73 +0.10  -1.90 +2.39 -1.90 

8 114.68 -7.76 -7.52 -0.24 -0.70  +2.39 -0.70 

9 706.64 -6.68 -6.89 +0.21 -1.82 +2.39 -1.82 

10 193.49 -6.56 -7.72 +0.26 -0.70 +2.39 -0.70 

 

Table 4. Free binding energy ((kcal/mol)) scores of ten conformation of Hydroxychloroquine 

interaction with  ‘SARS-CoV-2’ Spike Protein (pdb 6VY) determined by flexible ligand-rigid 

receptor method 

 Conformation# Inhibition 

Constant 

(uM) 

Final 

Intermolecular 

Energy 

vdW + Hbond 

+ desolv 

Energy 

Electrostatic 

Energy 

Final Total 

Internal Energy 

Torsional Free 

Energy 

Unbound 

System's 

Energy 

1 135.12 -8.26 -8.45 +0.19 -0.94 +2.98 -0.94 

2 182.19 -8.08 -8.12 +0.04 -1.55 +2.98 -1.55 

3 218.61 -7.98 -8.01 +0.03 -0.78 +2.98 -0.78 

4 359.95  -7.68  -7.63 -0.05  -0.84 +2.98 0.84 

5 512.16 -7.47 -7.28 -0.19 -1.01 +2.98 -1.01 

6 549.05  -7.43 -7.68 +0.24 -1.55 +2.98 -1.55 

7 639.90  -7.34 -7.69 +0.35 -1.58 +2.98 -1.58 

8 795.93 -7.21 -7.10 -0.11 -1.29 +2.98 -1.29 

9 815.99 -6.78 -6.81  +0.03 -1.10 +2.98 -1.10 

10 830.25 -6.18 -6.02 -0.17  -1.64 +2.98 -1.64 
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