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Abstract 
 

The SARS-CoV-2 coronavirus outbreak has resulted in severe pneumonia, even death (COVID-19). 

ADP-Ribose phosphatase (ADPR), a highly conserved macrodomain of this virus, was appropriate for 

viral RNA replication and transcription. According to studies, quercetin suppresses the main protease 

and 3-chymotrypsin and papain-like proteases, exhibiting antiviral efficacy against SARS CoV-2. 

However, quercetin analogs to ADPR have yet to be investigated. This study aims to obtain candidate 

compounds for ADPR based on binding energy, interaction mode, and binding stability using docking 

and molecular dynamics (MD) studies. The native ligand (AMP) has estimated binding energy based on 

docking results of -7.35 kcal/mol. Quercetin analogs, lig_C00013871 (Quercetin 3-(2''-

galoylrutinoside), lig_C00006532 ([5',5']-Bisdihydroquercetin), and lig_C00013874 (Quercetin 3-(2G-

(E)-p-coumaroylrutinoside) has more negative binding energy, with estimates of -9.43, -9.26, and -8.98 

kcal/mol, respectively. These results align with binding energy estimates based on MM-GBSA of -

14.76, -29.39, -34.90, and -42.79 kcal/mol for AMP, lig_C00006532, lig_C00013871, and 

lig_C00013874, respectively. According to the MD simulation, lig_C00006532 and lig_C00013874 will 

be more effective in stabilizing the ADPR complex. Finally, these two analogs are potential candidate 

compounds as ADPR inhibitors of SARS CoV-2. 
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1 Introduction 

SARS CoV-2, officially known as COVID-

19, was a coronavirus that leads to severe acute 

respiratory syndrome and has become a health 

concern [1]. This disease infects various ages, 

from children to adults, with severe and even life-

threatening symptoms [2]. Non-structural proteins 

(NSPs) and structural proteins, including spike 

glycoprotein, envelope, membrane, and 

nucleocapsid proteins, were encoded by the SARS 

CoV-2 positive-sense RNA [3]. The non-

structural proteins, consisting of NSP1-10 and 

NSP12-16, are encoded by the viral RNA genome 

[4]. NSP3 was the most significant multidomain 

and transmembrane protein and played an 

essential role in the viral life cycle [5]. In addition, 

NSP3 also guides the viral genome to newly 

assembled replication complexes [6].  

The multidomain SARS CoV-2 NSP3 

enzyme contained 1.945 amino acids [7]. One of 

the critical functional domains in NSP3 was the 

ADP-ribose phosphatase (ADPR) domain which 

hydrolyzes the ADP-ribose modifications [8]. 

This enzyme is present in many viruses and very 

difficult to mutate [9].  

A small molecule that binds strongly and 

inhibits ADP-ribose activity has substantial 

therapeutic value by reducing viral replication and 

increasing activation of the host IFN response 

[10,11]. A study by Jung et al. identified ten 

alternative ADRP inhibitors from 682 FDA-

approved compounds [12]. In addition, Debnath et 

al. conducted a study to determine the activity of 

113,687 natural compounds contained in the 

MolPort database [13]. These studies utilized a 

virtual screening approach to identify potential 

compounds with ADPR, but their stability through 

molecular dynamics simulations have yet to be 

determined. 
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Many studies have focused on the search for 

inhibitors of the SARS CoV-2 virus from natural 

compounds. However, no one has specifically 

identified the potential of quercetin as an ADPR 

inhibitor of SARS CoV-2.  Quercetin has many 

pharmacological activities, including antioxidant, 

anti-inflammatory, antiviral, and 

immunoprotective [14]. Quercetin's antiviral 

activity against the influenza A virus (H1N1), 

hepatitis C virus, rhinovirus, herpes simplex virus, 

and dengue virus type 2 has been experimentally 

investigated in vitro and in vivo [15]. In addition, 

quercetin inhibited the main protease (Mpro), 3-

chymotrypsin-like protease (3CLpro), and papain-

like protease (PLpro) of SARS CoV-2. The 

production of pro-inflammatory cytokines that are 

imperative for the COVID-19 pulmonary phase, 
especially tumor necrosis factor, interleukin-1 (IL-

1), IL-4, IL-6, and C-reactive protein, were also 

regulated by quercetin [14,16–18]. This study was 

designed to identify the potential of quercetin 

analogs as ADPR inhibitors from SARS CoV-2 

and determine their stability by computational 

methods. 

   

2 Method 

2.1 Protein and Ligand Preparation 

We selected the 3D structure of the ADPR of 

SARS CoV-2 from the RCSB website (PDB ID: 

6W6Y) (https://www.rcsb.org/). This structure 

was selected based on Adenosine Monophosphate 

(AMP) as a native ligand. ADPR structure was 

then prepared by removing non-interacting ions 

and water molecules. In addition, Kollman charge 

and hydrogen atom were added using 

AutoDockTool 1.5.6 [19]. 

248 quercetin analogs were collected from 

Knapsack 3D (http://knapsack3d.sakura.ne.jp/). 

All molecules were prepared in the same program 

by adding hydrogen atoms and gasteiger charges, 

and the bonds in each molecule were arranged to 

rotate freely.  

2.2 Molecular Docking Studies 

The molecular docking simulations were run 

with iDock software [20]. The redocking process 

of the native ligand to the ADPR protein is a 

method to validate the docking protocol. Valid 

protocols are presented with a root mean square 

deviation (RMSD) value below 2 Å. The binding 

pocket was set by following the AMP coordinates 

with a grid area of 40 x 40 x 40 Å and 0.375 Å 

point spacing. The binding energies of all 

molecules were calculated, and their interactions 

were visualized with Discovery Studio Visualizer 

and PoseView (https://proteins.plus/). 

2.3 Molecular Dynamics Studies 

The molecular dynamics simulations of 

protein-ligand systems were run on GROMACS 

2021.3 software [21]. Protein topology applies 

AMBER99SB-ILDN force field [22], and ligand 

topology applies General Amber force field with 

the help of Antechamber in AmberTool 2021 run 

in ACPYPE [23–25]. The solvation procedure 

employed a TIP3P water model at 310K and was 

neutralized by the addition of Na and Cl ions. The 

electrostatic force mimics the Particle Mesh 

Ewald method. The stability of the complex was 

determined by analyzing the root-mean-square 

deviation and fluctuations (RMSD and RMSF) of 

trajectory during the 50 ns simulation. The 

protein-ligand system's binding energies were 

determined by employing MM/GBSA 

methodology. 

3 Result and Discussion  

3.1 Docking Studies Analysis 

Our aim in the redocking native ligand 

(AMP) to the ADPR was to validate the grid 

parameters before the quercetin analogs were 

docked to the target protein. We used the RMSD 

value of less than 2 Å as a valid parameter. Based 

on the results, the ADPR binding site had 

coordinates x-axis = 9.124, y-axis = -8.677 and z-

axis = 16.22. The coordinates and grid parameters 

were chosen because they fulfill the recommended 

criteria with an RMSD of 0.725 Å (Figure 1). It 

was clear that the conformation of AMP before 

and after redocking was almost identical. AMP 

has a binding affinity of -7.35 kcal/mol and forms 

hydrogen bond interactions (H-bond) with 

residues Asp22 and Phe156 on the pyridine ring 

and Val49 and Ile131 on the phosphate groups of 

AMP. In addition, the AMP pyridine ring also 

exhibits hydrophobic interactions with Ile23. 

These results are in line with the study conducted 

by Michalska et al. [3]. 

Molecular docking of lig_C00013871 

showed the most negative binding energy 

compared to native ligands and other analogs, 

which was -9.43 kcal/mol. In general, these 

quercetin derivatives exhibit the binding mode and 

Hbond on the hydroxy group of the benzene ring 

with Leu126, Ala134, and Ala154 (Figure 2a). 

Interestingly, this compound was able to interact 

https://www.rcsb.org/
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hydrophobically with Gly48 and Val49 which are 

conserved areas of ADPR.  

 
Figure 1. Overlay the 3D conformation of co-

crystallized (pink) and docked AMP (blue) on the 

ADPR binding pocket of SARS CoV-2. Hydrogen 

bond and hydrophobic interactions were 

illustrated by green and pink dashed lines. 

Interaction of Lig_C00006532 showed H-

bond with several residues such as Ile23, Asn54, 

Lys55, and Ala154 (Figure 2b). This quercetin 

analog has a slightly positive binding energy 

compared to lig_C00013871 (-9.26 kcal/mol). 

Uniquely, the hydrophobic interaction with 

Phe156 on the adenine moiety between α2 and β7 

strands of ADPR was observed on this analog. 

On the other hand, lig_C00013874 has more 

positive binding energy than other analogs, 

namely -8.98 kcal/mol. Direct H-bond was 

observed around Leu126, Gly130, Gly133, and 

Ala154 in the main-chain amide of ADPR (Figure 

2c). Uniquely, H-bond with Ala154 and Leu126 

always appears in the two best quercetin analogs 

(lig_C00013871 and lig_C00013874). In addition, 

the hydrophobic interactions of lig_C00013874 
and lig_C00013871 showed a similar trend with 

Gly48 and Val49 and formed new interactions 

with Gly130 and Val155.  

a) lig_C00013871 

 

b) lig_C00006532 

 

c) lig_C00013874 

 
Figure 2. 2D interaction of a) lig_C00013871, b) lig_C00006532, and c) lig_C00013874 on the ADPR 

binding pocket of SARS CoV-2. 
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3.2 RMSD and RMSF Analysis 

RMSD analysis of the ADPR system and the 

three best quercetin analogs (lig_C00006532, 

lig_C00013871, and lig_C00013874) are 

presented in Figure 3. The results showed that all 

complexes showed similar stability trends during 

50 ns simulations with a maximum movement of 

2.5 Å. Interestingly, the ADPR-AMP and ADPR-

lig_C00013874 complexes had similar RMSD 

fluctuation with an average of 0.888 Å and 0.887 

Å, respectively (Figure 3A and Figure 3D). In 

these two complexes at ~45 ns, the fluctuation 

decreased by ~0.5 Å and then increased to ~1.5 Å 

at the end of the simulation.  

ADPR-lig_C00006532 and ADPR-

lig_C00013871 systems showed the contrast trend 

of RMSD fluctuations. Complex lig_C00006532 
had the highest fluctuation with an average of 

0.893 Å, while lig_C00013871 tended to be more 

stable during the simulation, with the lowest 

changes of 0.839 Å (Figure 3B and Figure 3C). 

We also analyzed the RMSD pattern of the 

quercetin analogs, which showed that all analogs 

showed similar fluctuations of ~0.5 Å, indicating 

satisfactory ligand stability during the simulation. 

The trend of AMP and lig_C00013871 was 

identical with increasing flux at ~30 ns, then stable 

until the end of the simulation. Lig_C00006532 

showed sufficient stability, with the RMSD 

change occurring at ~10 ns increasing to ~1.25 Å, 

then decreasing to ~0.5 Å. Lig_C00013874 

became the most stable analog by showing a 

constant movement trend (~0.5 Å) during 

simulation. RMSD analysis revealed the ability of 

the quercetin analog to stabilize the ADPR of 

SARS CoV-2 over a 50 ns simulation. 

 

  
a b 

  
c d 

Figure 3. The root mean squared deviation (RMSD) of a) ADPR-AMP, b) ADPR-lig_C00006532, c) 

ADPR-lig_C00013871, and d) ADPR-lig_C00013874 systems. The RMSD of the ADPR backbone and 

ligands were shown in blue and orange lines, respectively.  

RMSF was used to evaluate the stability of 

the ADPR residue during simulation. The RMSF 

of each system showed a similar fluctuations trend 

(Figure 4). It is plausible to conclude that three 

quercetin complexes appertained to the stable 

category with changes of less than 2 Å. 

Fluctuations occurred in several residues, 

including Gly48, Asn87, Gly103, and Gly130, 

with oscillations of ~0.15 Å. Gly48 and Gly130 

residues are conserved areas of ADPR pocket 

binding. In addition, the carboxyl (Val3) and 

amino (Glu170) end regions of ADPR showed 
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very high peak fluctuations at ~0.5 Å except for 

lig_C00013871. It was indicated that this residue 

has a high degree of structural disturbance.  

 
Figure 4. Root mean square fluctuation (RMSF) 

of the ADPR-AMP (blue), ADPR-lig_C00006532 
(pink), ADPR-lig_C00013871 (green), and 

ADPR-lig_C00013874 (yellow) systems. 

ADPR bound to lig_C00013874 caused the 

Asn87 residue to fluctuate slightly by 0.12 Å, 

while the other residues in the protein were stable. 

This fluctuation was not observed in other 

complex systems, so it is clear that quercetin 

analogs tend to stabilize ADPR and do not cause 

significant changes during simulation. 

3.3 MM/GBSA Binding Energy Prediction 
The MM/GBSA binding energy was 

calculated to assess the effectiveness of quercetin 

analogs for binding ADPR. The total binding 

energy (ΔEBind) for the AMP system was -14.76 

kcal/mol, which was more positive than for the 

lig_C00006532 (-29.39 kcal/mol), 

lig_C00013871 (-34.90 kcal/mol) and 

lig_C00013874 (-42.79 kcal/mol) systems. Table 

1 shows the calculated binding energies for the 50 

ns of each system. 

Table 1. The MM/GBSA binding free energy 

calculated for the AMP and quercetin analogs 

system. 

Energy  AMP A* B* C* 

ΔEVDW -30.40 -42.95 -46.77 -58.08 

ΔEELE     -86.72 -5.91 -13.67 -5.94 

ΔEGB     105.98 24.27 31.57 27.99 

ΔESURF   -3.63 -4.80 -6.04 -6.76 

ΔEBind  -14.76 -29.39 -34.90 -42.79 
*A (lig_C00006532), B (lig_C00013871), and C (lig_C00013874). 

It was observed that the van der Waals energy 

(ΔEVDW) was the dominant factor when 

considering the contribution to the favorable 

binding energy, with -42.95 kcal/mol, -46.77 

kcal/mol, and -58.08 kcal/mol, respectively, in 

lig_C00006532, lig_C00013871, and 

lig_C00013874. That energy was much more 

negative than the AMP system (-30.40 kcal/mol). 

A possible explanation was that the increased 

number of hydrophobic interactions of the 

quercetin analog with residues Gly48, Val49, 

Gly130, and Val155 appears to induce more 

favorable van der Waals interactions than AMP. 

Electrostatic energy (ΔEELE) was more 

positive in the quercetin analogue system (-5.91 

kcal/mol in lig_C00006532, -5.94 kcal/mol in 

lig_C00013874, and -13.67 kcal/mol in 

lig_C00013871), than in AMP (-86.72 kcal/mol). 

However, this was in contrast to the electrostatic 

contribution to the solvation energy (ΔEGB), which 

was significantly more positive for AMP (105.98 

kcal/mol) than the analogs lig_C00006532, 

lig_C00013874, and lig_C00013871 (24.27 

kcal/mol, 27.99 kcal/mol, and 31.57 kcal/mol, 
respectively). Meanwhile, the non-polar 

contribution to the solvation energy (ΔESURF) had 

a favorable effect on the binding of the quercetin 

analog but did not change significantly during the 

simulation. 

4 Conclusion 

This study succeeded in identifying three 

quercetin analogs, lig_C00013871 (Quercetin 3-

(2''-galoylrutinoside), lig_C00006532 ([5',5']-

Bisdihydroquercetin), and lig_C00013874 

(Quercetin 3-(2G-(E)-p-coumaroylrutinoside) 

which suspected to have ADPR inhibitory activity 

of SARS CoV-2. These three analogs have better 

affinity than AMP based on binding energy 

estimated from docking and MM/GBSA studies 

and and were capable of stabilizing the ADPR 

during molecular dynamics simulations. This 

research can be an impetus to prove these 

compounds' activity experimentally as inhibitors 

of ADPR. 
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