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Abstract:  7 

    Most human viral illnesses are a result of a pathogenic occurrence. Some of the diseases caused by these 8 

transmissible events have infected millions of people around the world, with some contributing to elevated 9 

morbidity/mortality rates in humans. Changes in the viral proteins that act as host receptor ligands may promote 10 

spill over between organisms. Finding a remedy along with the putative mechanism to cure COVID-19 spread is 11 

the urgent need of recent time. Even though limited amount of data are available, utilizing In silico approaches 12 

can be promising for the action. In the present study, In silico approach were performed using receptor-binding 13 

domain of Envelop protein, PLpro protein and Spike glycoprotein of  SARS-CoV-2 and its interaction with drug 14 

Hydroxychloroquine for hinders the epidemic. Based on available data of SARS-CoV and SARS-CoV-2, target 15 

proteins structure were predicted using homology modelling and further structures stabilization check using 16 

Ramachandran plot. Identification of pockets and cavities in all potential targets performed using CASTp web 17 

server and energy minimization was carried out in order to dock these potential targets with the candidate drug 18 

Hydroxychloroquine using Patchdock web server. In silico docking study showed that hydroxychloroquine drug 19 

interactions with SARS-CoV2 show a higher binding affinity with spike glycoprotein and PLPRO protein 20 

compared to protein envelopes that could be ladder for potential targeting and synthesizing of another aniviral 21 

drug. In silico methods used in this study, the efficacy of a wide variety of repositioned and/or novel drug 22 

candidates could also be tested prior to clinical evaluation. 23 

Keywords: SARS-CoV2, CASTp, hydroxychloroquine, Molinspiration, ADMET and Patchdock web server  24 

1. Introduction: 25 

The world is facing a dire situation of global public health emergency due to a viral pandemic of severe 26 

febrile pneumonia like respiratory syndrome caused by novel coronavirus, provisionally named as 2019-nCoV. 27 

Coronaviruses (CoVs) cause various diseases in large ranges of vertebrates including humans. Although CoVs 28 

were previously only associated with a common cold, new CoVs related to the "severe acute respiratory 29 

syndrome" (SARS-CoV) discovered in China's human population for the first time in 2002 caused 10 percent of 30 

the total worldwide cases to die [1];[2]. In Wuhan, China was first reported the rapidly spreading, highly 31 

contagious and pathogenic SARS-coronavirus 2 (SARS-CoV-2) associated Coronavirus Disease 2019 (COVID-32 

19) and also been declared as a pandemic by the World Health Organization (WHO) [3]. Nonetheless, it was 33 

initially known as a novel coronavirus, namely 2019-nCoV. The World Health Organization (WHO) later called 34 

the virus "Severe Acute Respiratory Syndrome Coronavirus 2" (SARSCoV2) and identified as "Coronavirus 35 

Virus 2019" (COVID-19) the disease caused by it. SARS-COV-2, a member of the Coronaviridae family, is a 36 
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type of positive-sense, single-stranded enveloped RNA viruses responsible for causing infections in avian, 37 

mammalian and marine species across the world [4]. The 2019-nCov SARS-CoV-2 or Wuhan is identified as 38 

the seventh strain of human coronaviruses. Based on phylogenetic analysis and taxonomy, ICTV  recognized the 39 

novel coronavirus as a sister to severe SARS-CoV and thus designated it as Severe Acute Respiratory Syndrome 40 

coronavirus 2 (SARS-CoV-2) [5].  41 

Coronaviruses had the largest genomes of all recognized RNA viruses (26.4-31.7 kb). Assortment of 42 

little size ORFs are accessible between the different conserved gene (ORF1ab, spike, envelope, film and 43 

nucleocapsid) and, downstream to the nucleocapsid gene in various coronavirus lineages [6]. Approximately 66 44 

per cent of the viral RNA gene, essentially located in the first ORF (ORF1a / b), decipheres two polyproteins, 45 

pp1a and pp1ab, encoding 16 non-structural proteins (NSP), while the remaining ORFs encode decoration and 46 

basic proteins. The rest some portion of infection genome encodes four crucial auxiliary proteins, including 47 

spike (S) glycoprotein, little envelope (E) protein, framework (M) protein, and nucleocapsid (N) protein [7]. It 48 

encodes, to be exact, the papain-like protease (PLpro) and the 3-chymotrypsinlike protease (3CLpro), for two 49 

major polyproteins which are additionally treated by virally encoded cysteine proteases. Viral polyprotein 50 

preparation is central to the production and infectivity of the infection [8]. On account of the significant jobs 51 

these two proteases play in the viral life-cycle, they are significant focuses to direct further examinations on the 52 

potential helpful targets [9]. 53 

 At present, there is no clinically shown vaccinations and medicine for COVID-19 neutralization and 54 

treatment as per U.S. FDA and WHO. Exploring approved drugs to treat COVID-19 is urgently required. Due to 55 

a lack of time the best option is to reconfigure the drug against the COVID-19 goal with various computation 56 

approaches. A low-cost antimalarial drug chloroquine and its derivative hydroxychloroquine (HCQ), along with 57 

several other antiviral drugs used for combating COVID-19. Hydroxychloroquine sulfate is another form of 58 

HCQ which is used for oral administration. HCQ is widely used for Pharmacokinetics because of it readily 59 

absorbed in gastrointestinal and easy disposal from renal. However, the clinical signs and poisonous dosages of 60 

these medications somewhat vary [10]. In vitro, hydroxychloroquine appears as a versatile bioactive agent 61 

reported to possess antiviral activity against RNA viruses as diverse as hepatitis C virus [11] , Zika virus [12], 62 

and Ebola virus [13], as well as various DNA viruses such as hepatitis B virus [14]. HCQ has latent therapeutic 63 

advantages against SARS-CoV-1 [15]. Hydroxychloroquine has also been reported to inhibit HCoV-229E 64 

replication in epithelial cultures of the lung cells in vitro [16]; [17]. Since of its wide range of action against 65 

viruses, including most coronaviruses and in particular its close relative SARSCoV-1, the potential effects of 66 

hydroxychloroquine on SARS-CoV-2 can be investigated according to preliminary reports [18]. 67 

Hydroxychloroquine is probably the first molecule to be used in China and abroad on the front line for the 68 

treatment of SARS CoV- 2 infections [19]. 69 

In silico studies have played crucial role in candidate drug prediction, computer aided drug design and 70 

molecular interaction in past decade [20];[21]. To understand the targeted interaction between drugs and 71 

SARSCoV-2 proteins that could bind to receptor domains and help stop the spread of the virus. However, a 72 

docking analysis of hydroxychloroquine and its effect on target protein SARS-CoV-2 has yet to be conducted. 73 

This study thus provides further insight into the interaction of hydroxychloroquine, a common drug, with the 74 

SARS-CoV-2 receptor domain of Envelop protein, PLpro protein and Spike glycoprotein. 75 
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2. Materials and Methods: 76 

2.1 Sequence analysis: 77 

Some of the targeted protein sequences including SARS-CoV2 Envelop protein 78 

sequence (ID:QIV65090.1), PLpro (papain-like protease or ORF1ab polyprotein) protein 79 

sequence (ID: QIV65087.1) and  Spike glycoprotein sequence (surface glycoprotein) (ID: QIV65088.1) were 80 

retrieved from NCBI. Subsequently, all the targeted protein sequence of “SARS-CoV2” were subjected to 81 

comparison with available PDB structure using NCBI’s tool “BLASTp” [22];[23]. 82 

2.2 Protein Homology Modeling: 83 

Based on BLASTp result, Protein structure with low resolution and good E‑value were selected as 84 

templates. All the target protein sequence (Envelop protein, PLpro protein and Spike glycoprotein) along with 85 

template crystal structure of SARS-CoV proteins (PDB ID: 5X29_A, 7BTF_A, 6VSB_A) respectively were 86 

uploaded to SWISS‑MODEL server for automated protein structure homology modelling [24];[25]. 87 

Best models were obtained, and each structure was further evaluated.  88 

2.3 Protein structure validation and energy minimization: 89 

ProSA is a web-based testing tool focused on a statistical study of all available protein structures used 90 

to test the 3D query protein structure model for potential errors. This web tool's performance consists of 91 

Z‑score, and residue scores map. Z‑score measures the consistency of the input protein in the overall model 92 

[26];[27]. These models were further subjected to analyze the improvement in energy-minimized protein. 93 

Evaluation of built model quality using swiss model was analyze through amino acid region in Ramachandran 94 

plot in procheck web server [28]; [21]. The models were chosen based on the percentage of support and 95 

frequency of outliers, which could be used for further study. 96 

The energy minimization stage ensures that the modeled protein structure remains stable. Using ModRefiner we97 

bserver, the modeled target protein structures were minimized to energy after structure validation. Refinements 98 

of the structures were accomplished by performing "main chain energy minimization" and then "strong full-99 

atomic energy minimization" [26]. 100 

2.4 Binding site prediction: 101 

CASTp server has acknowledged active site of all projected models (Computer Atlas of Surface 102 

Topology of protein). CASTp, which mechanically locates and calculates protein pockets and cavities, is based 103 

on precise methods of computational geometry as well as alpha form and distinct theory of flows. CASTp 104 

identification and capability of open external pockets as well as inaccessible interior cavities by identifying, 105 

delineating and measuring hollow external regions on three-dimensional protein structures [29]. 106 

2.5 Ligand Preparation: 107 

The compound hydroxychloroquine as ligand in smiles structure was downloaded from PubChem 108 

database. The PubChem obtained structures are then translated to PDB files using the Free Babel converter tool. 109 
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Open Babel is widely used as an interconversion file format conversion tool and is often commonly referred to 110 

as a Swiss-knife chemoinformatics [30].  111 

2.6 Screening of compounds: 112 

2.6.1 Evaluation of Lipinski parameters for drug-likeness: 113 

A drug likeliness property of hydroxychloroquine compound was analysed using Molinspiration tool. 114 

For that, input was given in the form of smiles of compound. Molecular properties and bioactivity of drugs with 115 

strong affinity prediction using Molinspiration server [31].  116 

2.6.2 ADMET analysis: 117 

For ADMET study, ligand saved in smiles format has been uploaded to SwissADME, PROTOX‑II and 118 

admetSAR webservers. SwissADME is a software resource for predicting ADME and molecular 119 

pharmacokinetic properties. The expected outcome consists of lipophilicity, water solubility, physicochemical 120 

properties, pharmacokinetics, pharmaco-like and medicinal chemistry [32]. PROTOX‑II is a rodent oral toxicity 121 

server predicting LD50 value and toxicity class of query molecule into six different classes ranging LD5-5000 122 

with their consequences [33]. AdmetSAR provides ADMET profiles for query molecules and can predict approx  123 

50 ADMET properties including toxicity classes [34];[35]. Ligand was further subjected to remove the Pan 124 

Assay Interference Compounds (PAINS) and for its exclusion in bioassays [36]. 125 

2.7 In silico docking: 126 

Docking of ligand hydroxychloroquine against different target proteins structure was performed using 127 

patchdock web server. PatchDock is a molecular docking algorithm, based on geometry. The ligand and target 128 

protein PDB files were submitted to the PatchDock server for docking analysis, using the default value of 129 

RMSD cluster 4.0 and the complex form of protein-small ligand as the parameters for analysis. The PatchDock 130 

study yielded results for the complementarity score (GSC score) and the geometric interface estimate (AI area) 131 

[37];[38]. 132 

2.8 Ligplot analysis using PDBsum: 133 

LIGPLOT v.4.5.3 PDBsum software was used to predict drug hydroxychloroquine binding sites in the 134 

Envelop protein, PLpro protein and Spike glycoprotein receptors. Mechanically, the LIGPLOT software 135 

produces 2-D schematic representations of protein-ligand complexes from PDB files. The LIGPLOT diagram 136 

displayed the schematic description of all the connections made between the ligand and the residues of protein 137 

molecules in the structure (hydrogen bonds and unbonded contacts) [39]; [40]. 138 

3. Results: 139 

3.1 Protein structure modeling, validation, energy minimization, and binding site prediction: 140 

SARS-CoV2 Envelop protein showed 88 per cent similarity with PDB ID: 5X29_A(Envelope small 141 

membrane protein of Severe acute respiratory syndrome-related coronavirus), while  PLpro protein  showed 142 



Page 5 of 12 
 

99.89 per cent similarity with PDB ID: 7BTF_A (Chain A, SARS-CoV-2 NSP12 of Severe acute respiratory 143 

syndrome coronavirus 2) and Spike glycoprotein showed  99.50 per cent similarity with PDB ID: 6VSB_A 144 

(Chain A, SARS-CoV-2 spike glycoprotein of Severe acute respiratory syndrome coronavirus 2). All target 145 

protein structure were model using swiss model web server using above PDB structures as template (Fig. 1).  146 

The protein structure validation scores before and after energy minimizations are summarized in Table 147 

1.In ProSA Envelop protein showed minimal while PLPRO protein and spike glycoprotein showed good energy 148 

minimization in protein structure. In ModRefiner, all the built structures showed significant changes in RMSD 149 

score and result in more stable structure. In Ramachandran plot analysis by Procheck web server, there are 150 

significant change in favour amino acid region of Envelop protein, PLPRO protein and spike glycoprotein of 151 

SARS-CoV (Table 1). 152 

Table 1: Comparison of all protein structure validation score before and after minimization of target protein 153 
from webservers PRoSA,PRocheck 154 
 155 

Protein targeting 
Protein validation 

server 
Before EM After EM 

Envelop protein 

 

ProSA (Z-score) -0.87 -0.59 

Procheck 84.4% aa in favorable region 
88.9 % aa in favorable 

region 

ModRefiner RMSD=5.0 RMSD=0.436 

PLpro protein 

 

ProSA (Z-score) -14.18 -12.87 

Procheck 89.9%  aa in favorable region 
97.2% aa aa in favorable 

region 

ModRefiner RMSD=10.127 RMSD=1.056 

Spike glycoprotein 

 

ProSA (Z-score) -13.79 -11.57 

Procheck 84.8%  aa in favorable region 
91.6% aa aa in favorable 

region 

ModRefiner RMSD=11.989 RMSD=0.642 

• Value of Z-score (in ProSA) is between-15 and 10 156 
• RMSD ranges from 0 to 1.2 Å,  157 

 158 

The active protein site is calculated by using the Castp system followed by the water molecules, the 159 

hetero atoms and the ligands are isolated as target proteins. The castp server tells about the cavities and pocket 160 

formed by various amino acid in all the target protein structures. The protein structure and predicted active site 161 

regions are shown in Fig.2.  162 

ILE13 to LEU65 amino acids residues formed  cavities and pocket which are play a considerable task 163 

in binding and catalytic activity in the active site of Envelop protein. While VAL1 to 226 ALA and MET1 to 164 
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VAL175 in amino acids residues formed cavities and pocket which are play a considerable task in binding and 165 

catalytic activity in the active site of PLPRO protein and spike glycoprotein of SARS-CoV2. 166 

3.2 Ligand Preparation and Evaluation of Lipinski parameters: 167 

The compound hydroxychloroquine as ligand from pubchem database with id 3652 downloaded in 168 

SDF format. Later using Open Babel tool translated in PDF format. Lipinski ligand law review was conducted 169 

using Molinspiration with expected properties passed as LogA, Natoms, Mol. Wt., number of donor and 170 

acceptor hydrogen bonds, number of rotatable bonds and volume and structure shown in Table 2.  171 

Table 2: Lipinski rule passed by compound hydroxychloroquine  172 

Volume miLog p  TPSA  MW nON nOHNH Volume 

hydroxychloroquine 4.0 48.38 335.88  4  2 321.38 

 173 

3.3 Absorption, distribution, metabolism, excretion, and toxicity screening: 174 

The compound hydroxychloroquine as ligand passed all the ADMET filters in SwissADME. 175 

Consensus Log Po/w value is 3.37. Good water solubility with high GI absorption with TPSA 48.39 Å2.  The 176 

ligands had 0 violation of Lipinski’s rules. It also clear the PAIN filter easily (Table 3). The ligand 177 

hydroxychloroquine also passed the toxicity prediction by PROTOX‑II and admetSAR server.  In PROTOX‑II, 178 

the ligand fall under class-4 with LD50 as 1240mg/kg while in admetSAR server, fall under class-3 and does not 179 

have any carcinogenic property (Table 4).  180 

Table 3: ADME properties of hydroxychloroquine predicted by SwissADME 181 

Ligands SwissADME 

hydroxych

loroquine 

Consensu

s Log 

Po/w 

Water 

solubility 

GI 

absorption 

Drug- 

likeness 

TPSA 

(Å2) 

Lipinski’s 

rule of five 
Pain 

3.37 soluble High Yes 48.39 0 Violation 0 Alert 

 182 
Table 4: Toxicity prediction of hydroxychloroquine predicted by PROTOX-II and admetSAR server 183 

Ligands PROTOX-II admetSAR 

hydroxychloroquine 

Class 
LD50 

(mg/kg) 
Class Carcinogenicity 

4 1240mg/kg III Non-required 

 184 

 185 
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3.4 Docking using Patchdock server: 186 

The ligand hydroxychloroquine were docked at the binding sites of Envelop protein,     PLPRO protein 187 

and spike glycoprotein of SARS-CoV2 using Patchdock server, that resulted in energy-based descriptors like 188 

energy, intermol energy, torsional energy, internal energy measure of ligand was performed with estimated 189 

binding energy -189.95kcal/mol, -216.15kcal/mol and -228.89 kcal/mol respectively as shown in Fig. 3, in Fig. 190 

4 and Table 5. 191 

Table 5: Docking calculations depicting interacting residues and Binding affinity of target proteins with Ligand 192 

ligand Protein Name Interacted residues 
Binding affinity 

(kcal/mol) 

Hydroxychloroquine 

Envelop 

protein 

Phe26,Leu27,Thr30,Leu34, 

Ile46,Val47 
-189.95 

PLPRO 

protein 

Phe833,Ile834,Lys835, 

Gln836,Pro862,Pro863, 

Thr866,Asp867, 

-216.15 

Spike 

glycoprotein 

Thr319,Leu323,Cys395, 

Phe396,Arg456,Tyr457, 

Pro460,Pro676 

-228.89 

 193 
3.5 Ligplot analysis using PDBsum: 194 

In Ligplot analysis, 6 binding residues (Phe26,Leu27,Thr30,Leu34, Ile46,Val47) were predicted in 195 

Envelop protein  while 8 binding residues (Phe833, Ile834, Lys835, Gln836, Pro862, Pro863, Thr866, Asp867) 196 

from PLPRO protein  and (Thr319, Leu323, Cys395, Phe396, Arg456, Tyr457, Pro460, Pro676) Spike 197 

glycoprotein which were involved in interaction against the ligand hydroxychloroquine as shown in Fig. 5 and 198 

Table 5. 199 

4 Discussions: 200 

With millions of people suffering from SARS-CoV2 in Asian and European countries, there is a 201 

necessity to find a cure of pandemic COVID-19 as potent drugs which have minimal side effects on 202 

administration until vaccination achieved. Protein structure with a resolution of ˂2 A0 and identity above 90% 203 

with the query protein sequence serves as a better template for homology modelling of dihydropteroate synthase 204 

protein of Mycobacterium leprae [26]. Homology analysis of SARS-CoV2 envelope protein was carried out for 205 

identified potential ion channel inhibitor [23]. Homology modelling of SARS-CoV2 receptor binding domain of 206 

PLPRO protein used against FDA approved drugs [9]. Ravindra and Kalaria, 2019 [21] also perform the 207 

validation of homology structure using Ramachandran plot of Tomato Leaf Curl Virus coat protein. Predicted 208 

homology model were subjected to validation using PRoSA based on Z‑score and Procheck based on favourable 209 

amino acid. The models were further subjected to recheck the above properties after energy minimization to 210 

prepare for In silico protein –ligand docking studies [26].Twelve active site were predicted in Cathepsin L in 211 

SARS CoV that could be used as potent drug target. Similar 86 anti staphylococcal compounds as ligand were 212 
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eventually passed from by Lipinski using Molinspiration  tool and ADMET filters for potent inhibitor against 213 

ClfA protein in Staphylococcus aureus using SwissADME tool [40] Lipinski’s rule of five helps to determine 214 

drug likeness of the compound; an orally active drug should not violate more than the rule. ligand showed 0 215 

violations. Similarly work was carried out for phytochemicals as ligand against dihydropteroate synthase protein 216 

of Mycobacterium leprae. The ligands were also passed the toxicity prediction by PROTOX‑II with LD50 = 217 

2500 mg/kg and ligands as non carcinogenic using admetSAR server [40]. Using Ligplot, Thr326, Glu329, 218 

Arg602, Arg342, Gly387, Glu388, Val346, Glu337. Arg341, Arg344, Asn330, Lys333 are the active site 219 

residues located in receptor-binding domain of Cathepsin L in SARS CoV which are play a considerable task in 220 

binding and catalytic activity in the active site of protein. The docking outcome point out that ligand 221 

CID11496897 with Cathepsin L in SARS CoV reported -7.4 kcal/mol binding energy [29]. The binding affinity 222 

of dapsone ligands predicted by AutoDock Vina toward target protein binding site is − 6.7 kcal/mol [40]. 223 

Since the structure and mechanism of action of antimalarial and anti-inflammatory drug (HCQ) ar precisely the 224 

same apart from an extra radical moiety in one HCQ terminal, each function a weak base which will alter the 225 

hydrogen ion concentration of acidic intracellular organels like endosomes / lysosomes, necessary for membrane 226 

fusion. All the agents ar assumed to be powerful instruments against SARSCoV-1 and SARS-CoV-2 [41]; [42]. 227 

Associate vital drawback that is still, though, is whether or not HCQ contains a similar impact on SARS-CoV-2 228 

infection. Some information indicate that HCQ effectively repressed all SARS-CoV-2 entry, transport and post-229 

entry levels, kind of like antimalarial, and one study found that HCQ was a additional chemical agent than 230 

antimalarial in inhibiting SARS-CoV-2 in vitro [43]; [44]. The introduction of radical molecule renders HCQ 231 

less pervious to the blood-retinal barrier and permits for faster clearance of retinal pigment cells, indicating a 232 

lower risk of HCQ retinal toxicity compared to antimalarial [45]. Additionally, the tiny antimalarial therapeutic 233 

and protection index margin makes HCQ an additional stable different than antimalarial. 234 

5. Conclusion: 235 

SARS-CoV-2's history has not been completely elucidated. There is a necessity for designing drugs for 236 

SARS-CoV-2 infections caused in human as it has remained an opportunistic pathogen in which causes 237 

significant number of the serious and deadly life losses in human. There is actually no COVID-19 pandemic 238 

vaccine and contamination is spreading across the globe and there is a compelling need for possible drug 239 

management. In the current scenario, we have carried out computational interaction analysis of 240 

hydroxychloroquine drugs, which is used as combating the COVID-19 pandemic in worldwide with specific 241 

binding sites of Envelop protein,   PLPRO protein and spike glycoprotein of SARS-CoV2.  242 

Furthermore, concentrates in vitro and in vivo are required to approve this outcome. Similar in silico 243 

docking examination uncovered that hydroxychloroquine drugs dealing  with SARS-CoV2 show greater binding 244 

affinity with spike glycoprotein and PLPRO protein contrast with envelop protein that could be stepping stool 245 

for another aniviral medicate focusing on and creation in future. We expect that these examinations will be 246 

steady for structuring a novel and powerful inhibitors against the SARS-CoV2. The minimal effort of 247 

chloroquine and HCQ could likewise be a viable technique to battle COVID-19 (particularly in patients with 248 

diabetes and other high mortality co-morbidities) in asset obliged and COVID-19 overburdened healthcare 249 

services frameworks in creating nations like India. 250 
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