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ABSTRACT: The emergence of the global pandemic COVID-19 lead to a huge demand for the therapeutic agent to
combat the disease. Since the FDA approval of some of HIV-1 main protease inhibitors such as ritonavir lopinavir to
treat COVID-19, the investigation of anti-HIV inhibitor to inhibit SARS-CoV-2 main protease (Mpr) is getting
considerably much attention. This study evaluates the potency of sixteen selected natural flavonoids which were
previously reported active to block HIV-1 protease as potential inhibitors of SARS-CoV-2 Mrro. The molecular docking
and dynamic study were completed to know the binding affinity and stability of the protein-ligand complex via docking
study along with molecular dynamic simulations. Moreover, drug-likeness was also evaluated through via ADMET
evaluation. This study revealed robinin (6), a flavonol molecule with linked to galactose-rhamnose at C3 and rhamnose
molecule at C7, exhibited the highest binding affinity (-9 kcal/ mol) among others. The amino acids that interacted with
robinin were Asn142; Gly143; Arg188; Thr190. The binding affinity of robinin surpassed the binding affinity of ritonavir
(-7.7 kcal/mol) and lopinavir (-8.2 kcal/mol). The replacement of the hydroxyl group from the flavonoid skeleton at C-
7, C-4" was proposed to affect the binding affinity. The free hydroxyl group particularly in A ring and the position of
the hydroxyl group were important to improve the binding affinity. The molecular dynamic simulation showed the
stability of Mpr-robinin during the simulation period. The ADME evaluation referring to Lipinski's rule of 5 revealed
that the flavonoids (2,5,6,9,10,13,14,15) show low oral bioavailability and absorption. Robinin exhibited a good drug-
likeness score (value:1) with an unconcerned level of acute toxicity. From this study, it was concluded that robinin
showed the most potent natural flavonoids studied to inhibit SASR-CoV-2 Mrre by both docking study and ADME/ tox
properties evaluation.
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1. INTRODUCTION

Coronavirus disease -2019 (COVID-19) caused by a single causative agent SARS-CoV-2 is a single was
firstly emerged in Wuhan China, at the end of 2019 and since then has been spreading rapidly all around the
globe led to the global pandemic [1]. As written in the WHO situation report, by the end of April 2021, the
total case of Covid-19 globally has reached 145 M causing 3.11 M death tolls. The rapid human transmitter of
SARS-CoV-2 made a great escalation of the current pandemic. According to the previous study, this virus is
classified into B-coronavirus with positive-sense RNA [2]. This virus is transmitted via inhalation of infected
droplets or by interaction with the contaminated surfaces of infected people [3]. SARS-CoV-2 consists of many
nonstructural proteins, some of the major concerned proteins including coronavirus main protease (3CLpro
or Mrr), RDRP (RNA-dependent RNA polymerase), ACE2, spike protein [4]. The utilization of the main
protease of the virus as a drug target had been investigated since the protease exhibits an essential role in viral
replication [5]. Due to the highly conserved area, a mutation in Mo genome is frequently causing a lethal
effect to the virus and the catalytic activity of this enzyme could be modified by the fixation of molecular

How to cite this article: Oktavia L, Praptiwi P, Agusta A. Molecular docking, molecular dynamic and drug-likeness studies of natural flavonoids as
inhibitors for SARS-CoV-2 main protease (MP©). ) Res Pharm. 2021; 25(6): 998-1009.

© 2021 Marmara University Press https://dx.doi.org/10.29228/jrp.95
ISSN: 2630-6344
998


https://dx.doi.org/10.29228/jrp.95
mailto:listiana.oktavia@brin.go.id
mailto:oktavialisti@gmail.com
https://orcid.org/0000-0002-8664-4506
https://orcid.org/0000-0003-1804-4549
http://orcid.org/0000-0002-9226-6265

Oktavia et al. Journal of Research in Pharmacy
Natural flavonoids as anti-SARS-CoV-2 agents: An in silico study Research Article

binding in the pocket. [6], [7]. Moreover, it has been reported that the unique structure and catalytic
characteristics of SARS-CoV-2 Mrro make it a promising target for anti-viral development [2].

While the world is in the race to reduce the spread of COVID-19 by conducting vaccination, a large
effort is still undergoing to find effective cures for treating the COVID-19. Most of the current FDA-approved
drugs for treating severe Covid-19 cases are possessing a wide range of antiviral, antiparasitic, and anti-
inflammatory properties such as marboxil, darunavir, favipiravir, lopinavir, oseltamivir, remdesivir, ritonavir
[8], [9]. Some of the mentioned drugs, lopinavir and ritonavir which also are known as HIV main protease
inhibitors, are reported to bind in the target site of Mrr Covid-19 [10]. The spatial structure of lopinavir and
ritonavir in the binding pocket of SARS-CoV Mrr and 2019-nCOv Mrr were known to be conserved [10].
Amino acid Thr24, Asn28, and Asn119 were pictured to form the binding pocket for lopinavir/ritonavir in
the spatial structure of both SASR-Cov Mrre and 2019-nCov Mrro [11]

Recently, HIV-1 protease inhibitors (Pls) are greatly evaluated to be developed for SARS-CoV-2
inhibitors. Following the FDA approval for covid-19 treatments, some Pls including lopinavir and ritonavir
were also documented to be active against SARS-CoV and MERS by in vitro experiments [12]. Considering the
94.4% similarity in amino acid sequences between SARS CoV and SARS CoV-2 [13], investigating the efficacy
of PIs against SARS-CoV-2 is considered relevant. Thought some HIV inhibitors such as lopinavir and
ritonavir have been approved to be clinically used to treat COVID-19, both drugs possess high cytotoxicity
against primary myeloma cells [14]. Ritonavir was reported to cause endothelial mitochondrial DNA damage
and cell death through the necrosis pathway [15]. Therefore, there is an urgent need to find alternative drug
candidates for Covid-19 treatment with a high inhibitory effect on viral replication with reduced side effect
properties.

Natural products have proven to generate many lead compounds for treating disease. Natural
products can be a great source of anti-viral compounds. One of the prominent natural products with various
biological activities such as anti-HIV, anti-inflammatory, and cardiovascular protective effects [2], [16], [17] is
flavonoids. Natural flavonoids classified as flavanol or flavone exhibited simultaneous inhibition toward
Reverse Transcriptase (RT) and protease. Meanwhile, the flavanol, isoflavone, or flavanone group were
displayed less inhibition to RT or protease [16]. Meanwhile, the flavanol, isoflavone, or flavanone group were
displayed less inhibition to RT or protease [16]. Flavonoids are considered important PIs due to their strong
antiviral activity and low toxicity [18]. Xu et. al [19] reported a wide variety of flavonoids compounds as an
inhibitor of HIV-main protease. Some of them such as quercetin, rutin, robinin, kaempferol, morin,
scutellarein, luteolin, etc, were monitored to exhibit the inhibition activity by more than 50% against HIV-1
protease. One of biflavonoid, amentoflavone, was known to be registered in European Patent EP1245230 due
to its strong inhibitor for HIV-1 protease [16]. Flavanols are considered as a promoter to induce the inhibition
of many enzymes involving the coronavirus infection [2]. The basic skeleton of flavonol shows the activity as
antiviral which is confirmed by Owis et.al [20].

In the present study, sixteen selected natural flavonoids (Figure 1), previously reported active to block
HIV protease, were evaluated as potential inhibitors for SARS-CoV-2 inhibitors in silico study. The selected
flavonoids representing flavonol (1-6, 9), flavone (7,10,11,12,14,15), chalcone (8), catechols (13,16) groups were
chosen according to their in vitro Pls activity with inhibition activity of more than 60% as reported by Xu et. al
[19] and Zakaryan et. al [21]. The selected compounds would be docked to understand the binding affinity
and the interaction between selected flavonoids and the SARs-CoV-2 Mrr, In addition, the stability of the
protein-ligand complex during some period in the water environment will also be simulated through
molecular dynamic simulations. The effect of particular functional groups in the flavonoid skeleton on the
binding affinity with protein will also be analyzed. Furthermore, the drug-likeness of flavonoids would be
evaluated to predict the ADME properties of tested flavonoids. This study hopefully could be contributed to
embark the study of the development of COVID-19 cure-based natural products.
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Figure 1. The chemical structure of 16 selected flavonoids for docking study.

2. RESULTS and DISCUSSION
2.1 Molecular Docking Results

The SASR-CoV-2- Mrro possesses the conserved catalytic dyad formed by His41 and Cys145. The co-
crystalized ligand of Mrre (6LU7) identified as N3 (Michael acceptor (peptidyl)) was suitably placed in the
substrate-ligand binding pocket of SARS-CoV-2 Mero [20]. Based on that information, the docking parameters
of selected flavonoids were constructed as guided by the N3 coordinate area. The method validation was
conducted by re-docking the N3 inhibitor into Mpre using designated parameters (methodology section). The
superimposed picture (2.A) of the co-crystallized N3 ligand before and after re-docking showed the good
accuracy of the designated experiment parameters. Moreover, the root-mean-square deviation (RMSD) value
of N3 ligand before and after redocking was calculated 1.28 A. The docking parameters are considered to be
valid if the RMSD value of re-docked native ligands is below 2 A[22].

The docking results of selected flavonoids indicated the binding preference like N3 inhibitor. Most
dominant hydrogen bonding was formed by ligands and amino acids Leu141, Ser144, His163, and Thr190 as
written in table 1. The binding affinity and amino acid involved in the ligand- Mrr are described in table 1.
The affinity binding energy result was ordered as follows: N3>6>2=10>12>15>3=4=11>7>8=9>15=14>5>13.
Robinin (6) was shown the highest binding affinity with docking value -9 kcal/mol. Amino acid involved in
the complex formation identified as Asn142; Gly143; Argl88; Thr190 (table 1). The 3D structure of robinin-
Mpere complex shows robinin perfectly fits with the protein binding pocket as shown in figure (2.B). Robinin is
flavanol that is linked to the neohespridoside (galactose-rhamnose) moiety in ring A at C-3. Robinin (6) and
rutin (5) both are substituted by disaccharide C-3 but the docking value for robinin (6) was higher than rutin
since the presence of rhamnose at C-7. That findings show that the presence of sugar moiety in the C-7 affects
the binding affinity. The bulky structure of gal-rhm might be hinder the hydrogen bonding and electrostatic
interaction. That suggestion is supported by Owis et.al [20] that stated the presence of rhamnose unit at C-3 at
the rutinoside decrease the binding affinity with Mero.
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Table 1. Docking result of 16 natural flavonoids and SARS-Cov-2 Mrr (PDB id:6LU7).

No Ligands Group CID Docking Amino acid receptor (hydrogen bonding)
number value
(kcal/mol)
1 Quercetin flavonol 5280343 -7.6 gIn189; Leul41; Ser144; His163
2 Isoquercetin flavonol-glc 5280804 -8.3 Thr190; His163; leul41; Ser144
3 Morin flavonol 5281670 -7.8 Leul41; Ser144; Asp187,GIn189
4 Kaempferol flavonol 5280863 -7.8 Leul41; Ser144;GIn189
5 Rutin Flavonol-glc 5280805 -7.2 Asn142; glu166; Pro168; GIn189
6 Robinin flavonol-glc 5281693 -9 Asnl142; Gly143; Arg188; Thr190
7 Luteolin flavone 5280445 75 Asn142; Argl88; Thr190; GIn192
8 Butein chalcone 5281222 -74 leu141;Gly143;Ser144;Cys145;His163;
Arg188; Thr190;,GIn192
9 Myricetin flavonol 5281672 -74 Leul41; gly143; Ser144; cys145; His163
10  Amentoflavone flavone 5281600 -8.3 Gly143; His164
11  Apigenin flavone 5280443 -7.8 Tyr54; Leul41; Ser144; His163; Asp187
12  Scutellarein flavone 5281697 -8.1 Phe140; Leu141; Ser144; His163; Asp187
13 (-)-epigalochatechin  catechols 72277 -7 Thr26; GIn189
14  Fortunellin flavone-glc 5317385 -7.2 Asnl142; His163; Glu166
15 Rhoifolin flavone-glc 5282150 -7.9 Ser46; Argl88; Thr190; GIn192
16  (+)-Catechin catechols 9064 -7.3 Glul66; Asp187
17 N3 inhibitor (native ligand) 182232 -10 Gly143; His163;Glu166; GIn189; Thr190

Figure 2. (A). The superimposed picture of native ligand before (green) and after (yellow) re-docking process
in the binding pocket of SARS-Cov-2 Mrre. (B). 3D figure of Robinin (magenta) with Mpro, some amino acid
interacted with ligand is shown (Asn142, Gly143, Arg, Thr190).

The presence of rhamnose at C7 changed the molecular conformation of robinin allowed the formation
of hydrogen bonding in A ring between the free hydroxyl group at C5 with Arg188 and Thr198 as suggested
by Figure (3.A). The substitution of -OH by glucose at ring A particularly at C3 of flavonol improved the
binding affinity of flavonoids as represented by the docking value of iso-quercetin (2) (-8.3 kcal/mol) which
is higher than quercetin (1) (-7.6 kcal/mol). While the presence of gal-rhm moiety solely in C-3 was monitored
to reduce the binding affinity, as shown by the docking value of rutin (5) -7.2 kcal/mol which is lower than
quercetin. The addition of -OH in the C-2' (morin(3)) slightly improved the binding affinity of flavanol
compared to the substitution at C-5' (quercetin (1)). The absence of substituents at C-3 of the flavone group
resulted in a slight decrement to the binding affinity compared to the flavonol group which is described by
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docking value of luteolin (7) and quercetin (1). In the flavone group, the presence of -OH group at C-5' supplied
more binding affinity as displayed by apigenin (11) with docking value -7.8 kcal/mol. Biflavonoid,
amentoflavone (10) consisted of two apigenin (11) molecules exhibited higher binding affinity than its
monomer with docking value -8.3 kcal/mol. The hydrophobic interaction was suggested to promote
stabilization to amentoflavone-Mrr complex (Figure 3.B). The addition of -OH group at A ring (C-6) in
apigenin (11, flavone group ) moves the docking value from -7.8 kcal/mol (apigenin) into -8.1 kcal/mol
(scutellarein) (Figure 3.C). The -OH adjunct in the C-5' created the additional hydrogen bonding with Phe-140
which previously did not appear in the apigenin complex. The increase in the binding affinity was shown
when -OMe group at C-4' (fortunellin (14)) is changed to -OH (rhoifolin (15)). Both fortunellin and rhoifolin
connect to neohesperidoside (glu-rhm) moiety at C-7. The substitution of -OH into rhamnose moiety at C-7
alleviates docking value slightly from -7.8 to 7.9 kcal/mol. The polar substituent at C-7 is important to
improve the antiviral activity, as previously described that glycosylation of C-7 of flavonol increase the
inhibitory activity against HIV-1 protease [23]. The binding affinity of catechols and chalcone exhibited lower
than flavone and flavanols groups. The free hydroxyl group at the C-7 and C-3' are responsible for the
hydrogen binding formation. The cleavage of C ring in chalcone group (butein (8)) might be the reason for the
relatively low binding affinity of this compound. This study suggested that the presence of free hydroxyl
particularly in the ring B of flavonol and flavone is pivotal to improving the binding affinity with the Merro.
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Figure 3. Interaction (2D) of particular amino acids in Mpre with ligand, robinin (A); amentoflavone (B);
scutellarein (C). The interaction was plotted by LigPlot software. The respective amino acid formed
hydrogen bonding colored in green, while the amino acids that are participated in the hydrophobic
stabilization were indicated by black.

Free hydroxyl group particularly in A and B ring of flavonoids as reported to improve the inhibitory
activity of flavonols against H1V-1 protease [19]. The glycosylation of kaempferol at C3 also showed an
improved effect on its antiviral activity [24] which is related to the finding of this study for improving the
binding affinity with Mer by glycosylation at C-3. Another in silico study also revealed the glycosylation of
C-7 improves the binding affinity of flavone with COVID-19 Mpre [25]. To further evaluate the potency of
tested compounds as inhibitors of covid-19, the commercially available anti-HIV ritonavir which was
approved by FDA as the covid-19 drug was also docked to the molecule to the protein. The docking value for
ritonavir was -7.2 kcal /mol which is lower than some of docked flavonoids molecules. That finding shows the
potency of some selected natural flavonoids possessing anti-HIV as inhibitors for COVID-19 Mrre. To confirm
the efficacy of the docked molecules, in vitro and in vivo experiments need to be addressed in the future.
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2.2 ADME-tox and Drug-likeness analysis

In the early stage screening of drug candidates, in-silico evaluation of ADME properties is majorly
conducted to predict the pharmacological properties of drug candidates before conducting more laborious
and expensive experiments such as in vitro and in vivo. To complete the understanding of selected flavonoids
as potential SARS-Cov-2 Mprro inhibitors, the physicochemical properties linked to ADME (Absorption,
Distribution, Metabolism, and Exertion), toxicity, and drug-likeness score were predicted using open source
web tools as described in the methodology section. One of the widely accepted concepts for evaluating the
ADME properties is the lipinski rule of 5 (Ro5). The Lipinski rule of five was originally comprehended to assist
the development of orally bioavailable drug [26].

The predicted absorption properties were linked to orally available drugs which can be determined by
several parameters such as coefficient partition (ClogP) properties, Polar Surface Area (PSA). Sugar
substitution to flavonoid is lower lipophilicity properties as represented by ClogP of compounds 2, 5, 6, 14,
and 15. The addition of sugar moiety increases the aqueous solubility. It increases the drug-likeness score of
those compounds which was monitored higher than others without sugar. On the contrary, the addition of
sugar moiety seemed to decrease the oral bioavailability of the compounds [27]. The ClogP is an important
aspect to determine the absorption and permeability of drug candidates. The permissible value for the log p
is between -2 to 5. The absorption percentage increase as the increment of logP within the permissible range.
Drug candidates with Clog P between 0-3 are considered to have moderate bioavailability [28]. The ClogP also
represents the lipophilicity of the molecule. If the log P is too high, the drug has too low solubility in water,
while too low log P could cause the difficulty of the drug to pass lipid bilayer [28]. The low bioavailability of
sugar-linked flavonoids might be related to the low lipophilicity properties of the molecules that lead to
difficulty to pass the lipid bilayer. The presence of more free hydroxyl decrease lipophilicity. All of the tested
flavonoids without sugar moiety show moderate oral bioavailability properties. It is monitored that ligands
with a relatively high number of H-bond donors and acceptors are likely difficult for oral delivery showed by
poor intestinal absorption properties [29]. Amentoflavone (10) showed the coefficient partition ahead of the
permissible range (>5), which indicates high lipophilicity of the compound. The bulky structure of
amentoflavone might decrease the aqueous solubility. The unfavorable properties of amentoflavone (10) as
drug candidate is also shown by both low drug-likeness and bioavailability scores.

Drug-likeness model score calculated by molsoft'st, was a combination effect of physicochemical,
pharmacokinetics, pharmacodynamics properties of tested molecules [29]. It also compared the tested
molecules with the existing commercially available drug. A drug-likeness value is considered to be good if the
value within the range 0.6-1.2 [8]. Almost all flavonoids have a positive drug-likeness value except for
myricetin (9) and (-)-epigallocatechin (13). Both compounds possess a hydroxyl group in the B ring at C-3
which is not present in other tested ligands. The effect of C3’-OH to decrease the drug-likeness model need to
be investigated further. The violation of Ro5 was exhibited by flavonoids with sugar moiety. Contradictory
with the drug-likeness model score for flavonoids linked to sugar moiety show a higher value than the other
without sugar. Although robinin (6) shows violation for the Ro5, the drug-likeness of robinin (6) showed the
maximum among other ligands (drug-likeness score:1 ). This finding proposed that robinin (6) is likely
unfavorable to administered orally according to its poor absorption properties but still has good potency as a
therapeutic agent as shown by good drug-likeness.

This study revealed the relationship between the molecular weight of the ligand and the ability to
permeate BBB (Blood Brain Barrier). Small molecule ligands demonstrated a better BBB score compared to the
bigger ligand. The analysis described that drugs with MW<450 g/mol are suggested to have better BBB
permeation and tend to have good oral absorption characteristics [28]. The low BBB and oral bioavailability of
flavonoids linked to the sugar moiety could be also connected to PSA (polar surface area) value. Polar surface
area is important to predict drug transport properties [29]. The addition of sugar moiety obviously increases
the PSA value above the acceptable range. The molecule with PSA higher than 140 A tends poorly permeate
to membrane cells [30]. The BBB value range was determined 0-6, with 6 indicating the high BBB properties
[31].

Though the pharmacokinetics profile is a significant part of drug development, it is also pivotal to
consider the toxicity. lipophilicity is also related to toxicity. Since toxicity is a major factor leading to drug
attrition at the discovery and development phases, it is important to evaluate this characteristic. The predicted
acute toxicity in rats was calculated as lethal dose value run by Pro-Tox Il webtool. According to table 2, almost
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all ligands exhibited relatively low acute toxicity represented by a high lethal dose value. The majority of the
ligands are classified with unconcerned acute toxicity levels (levels 5 and 6). The exception is applied for
quercetin (1) and myricetin (9) which are considered to have concerned acute toxicity with lethal dose
appeared at 159 mg/kg. Moreover, the in vivo study reported by Chen et.al also revealed the potential toxicity
of quercetin (1) in the mice exposed by 100 mg/kg [32, 33]. Since toxicity is one of the important parameters
in the drug design, several approaches such as side-group modifications are suggested to reduce the toxicity
effect of the potential drug candidate.

Table 2. Table ADME properties, predicted bioavailability, drug-likeness score, and toxicity of ligands.

ADME properties . .

Ligands H- H- MW  PSA lea' Blot N ]?rug' Lb BBB***
ClogP . tion*  availability likeness  (mg/kg)**

don®@ acc() (g/mol) (A)
1 5 7 1.99 30224 13136 O 0.55 0.5 159 © 2.55
2 8 12 -054 46438 21051 2 0.17 0.68 5000 () 1.66
3 5 7 1.99 30224 13136 O 0.55 0.46 3919 @ 2.54
4 4 6 2.28 28624 11113 0 0.55 0.5 3919 @ 2.78
5 10 16 -1.69 61052 26943 3 0.17 0.91 5000 @ 1.21
6 11 19 -289 74066 30812 3 0.17 1 5000 © 1
7 4 6 2.28 28624 11113 O 0.55 0.38 3919 @ 2.75
8 4 5 2.28 27225 9799 0 0.55 0.43 1000 @ 2.88
9 6 8 1.69 31824 15159 1 0.55 -0.24 159 © 2.32
10 6 10 513 53846 1818 2 0.17 0.19 3919 @ 0.55
11 3 5 2.58 27024 90.9 0 0.55 0.39 2500 (@ 297
12 4 6 2.28 28624 11113 O 0.55 0.43 3919 @ 2.78
13 6 7 1.25 300.27 13061 1 0.55 -0.04 10000 ® 2.5
14 7 14 -0.8 592.5 21719 3 0.17 0.7 5000 @ 1.24
15 6 14 -1.1 57852 22897 3 0.17 0.81 5000 @ 1.27
16 5 6 1.55 290.27 11038 0 0.55 0.64 10000 ® 2.73

a H-bonding donor, "H-bonding acceptor

* Lipinski rule of five must comply, H donor<5, H-acceptor <10, MW<500 g/mol, ClogP -2<5, PSA <140 A

** Lethal dose (LD) represents the acute toxicity, © Toxicity level 3, () Toxicity level 4, (o) Toxicity level 5, @ Toxicity level 6
*** The Blood-Brain Barrier (BBB) Score: 6-High,0-Low [31].

2.3 Molecular Dynamic Simulation

Molecular dynamic (MD) simulation is commonly used to evaluate atoms' behaviour, structural
stability and to study the conformational changes on the atomic level. The structural flexibility of complex
Mprre-robinin was exposed to MD to understand the stability of the complex in the water environment for the
period of simulation. The complex of protein with robinin was chosen to be subjected to MD study since
robinin has the highest binding affinity. Figure 4 displayed the time progression of RMSD value for protein
and complex Mpro-robinin. The introduction of robinin to the binding cavity of Mrre did not give significant
conformational changes to protein since two RMSD graphs are observed to be almost overlapping. Both
systems reached equilibrium after 250 ps and showed relatively constant RMSD values for the remaining
period. The range RMSD values of both systems are around 1.1 -2.3 A. A slight increment in RMSD value
was observed between 500-650 ps, showing RMSD value marginally over 2A. The fluctuation is happened due
to the interaction of each residue, including electrostatic interaction, hydrogen bond, hydrophobic
interactions, and water molecules which all contribute to structural re-arrangement at the interface of protein.
The relatively stable RMDS value during MD simulation suggested that robinin is securely placed in the
protein's binding pocket during simulation. This MD simulation strengthens the docking result describing the
stability of the Mpro-robinin complex.
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Figure 4. RMSD value of Mpro SASR-CoV-2 (red) and complex protein-robinin (purple) during MD
simulation. RMSD obtained from MD analysis was conducted by VMD (Visual Molecular Dynamic)
software.

RMSF measurement is used to analyze the local change in protein residue. The highest peak on RMSF
graph (Figure 5) shows the most fluctuated protein region during simulation. RMSF value for both systems is
within the range 0.42 A- 2 A except for residue numbers 1 and 306. The narrow RMSF value indicates that the
studied compounds kept close contact with their binding pockets during the MD simulations. Residues Ser1l
(N-terminal) and GIn306 (C-terminal) show considerably high fluctuation, which is probably because both are
located in the end-chain of protein and allow them to have more flexibility compared to other residues. Some
residue with high RMSF values such as residue Ser46, Gly278, and Alal91 are known to construct the loop
region. Both systems have RMSF values almost similar as shown by resembles phase of RMSF graph of protein
and complex. The absence of different fluctuation in a specific area suggested the reasonable stability of
protein after docking with robinin.

1 51 101 151 201 251 301

Residue number

—@— Mpro ==@== Mpro-robinon

Figure 5. The RMSF value of Ca of Mpr (orange-red Jand Mpro-robinin (blue) during simulation.

3. CONCLUSION

This study presented all of the tested molecules were suitably placed in of Mrre specific binding site
with conserved catalytic dyad Cys145 and His41. Substitution of -OH with -OMe reduces the binding affinity
in the C-4' in the flavone. The type of substituent in the C-7 and C-6 at A ring of flavone and flavonol group
play an important role in the binding affinity. The position of free hydroxyl was also suggested to be important
to improve the binding affinity. Among the tested molecules, robinin, a kaempferol-3-O-gal-rhm-7-O-rhm,
showed the highest binding affinity (-9 kcal/mol) with hydrogen bindings are formed with Asn142; Gly143;
Argl188; Thr190 amino acids. Robinin was also monitored to have higher than binding affinity to clinically
approval Covid-19 drug, ritonavir (-7.7 kcal/mol), and lopinavir (-8.2 kcal/mol). The molecular dynamic
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study revealed the stability of the protein complex during the simulation. Moreover, the attachment of robinin
to protein does not give significant conformational changes to the protein.

ADME properties and drug-likeness of molecules revealed flavonoids with sugar moiety displayed
poor absorption properties. Low absorption leads to low oral bioavailability suggested the unfavorable
properties for the development of the orally available drug. On the contrary, the calculated drug-likeness of
flavonoids with sugar moiety was monitored higher than flavonoids without sugar. Robinin (8) was shown
the highest drug-likeness score (value:1) among others. The toxicity result indicated that the majority of the
selected flavonoids possess an un-concerned toxicity level. This study proposed robinin (8) as the most
potential candidate for inhibiting SASR-CoV-2 Mrre. Despite possessing low oral bioavailability, robinin (6)
shows a considerably good value for the binding affinity, predicted drug-likeness, and acute toxicity among
tested molecules.

It should be concerned that these results were generated merely by an in silico investigation. Further
advanced experiments are needed to test the efficacy of the tested compounds.

4. MATERIALS AND METHODS
4.1 Ligand preparation

Ligand structures were retrieved as SDF (3D) format from PubChem as the CID number was written
in Table 1. Ligands were then converted into a PDB file using UCSF Chimera Molecular Visualization (
chimera-1.15 version) before it is proceeded into PDBQT files using Autodock tools for docking experiment.
The Gasteiger charge was computed and the number of torsions was set not more than 8 for each ligand. The
3D structure of ligand number 8 (robinin) was nonavailable in the PubChem and was drawn manually by
ChemBio3D Ultra 12.0 (www.cambridgesoft.com).

4.2 Protein Preparation

SARS-CoV-2 main protease (Mpre) with PDB id 6LU7 was downloaded from Protein Data bank (https
:/ /www.rcsb.org/pdb/home/home.do). The protein preparation was completed by Autodock tools -1.5.6
application (http://autodock.scripps.edu/resources/tools) by removing the non-standard ligands in the
protein structures. Hydrogen atoms were added to the structure before being saved in the PDB format for
further treatment. The Gasteiger charges were automatically applied to the protein and then saved as chosen
macromolecule in the PDBQT format.

4.3 Docking Experiment

The previously prepared ligands and protein were subjected to a docking experiment by first,
formation the grid box for the docking process by AutodockTools. The ligand was placed in the center, the
grid box was generated using 1 A spacing, the box size was x, y, z 14, 20, 12, and the center was set at X, y, -
9.768, 11.436, 68.904 respectively. The grid box was constructed by the guidance of the coordinate of the co-
crystalized ligand (N3 ligand) in the protein. The docking experiment was done by Autodock Vina 1.0 [34]
with exhaustiveness value was set 8. The rest of the parameters of the program were maintained as default in
consideration for rigid protein and movable ligand. The docking result was identified as binding affinity
energy. The Pymol 1.8.6.0 was used to visualize the docking result and also to calculate the RMSD. The used
parameters were validated by redocking the native ligand into the protein and the RMSD value of the native
ligand and re-docked native ligand was calculated. The interaction of ligands and protein in the complex was
analyzed by LIGPLOT v.4.5.3 (www.ebi.ac.uk) [35].

4.4 ADME properties and Drug-likeness of the ligands

The Drug-likeness properties were described as the ADME (Adsorption, Distribution, Metabolism, and
Exertion) properties accommodated the Lipinski rule of five, polar surface, and also the bioavailability. Those
properties were evaluated by the Swiss ADME web tools (http://www.swissadme.ch/index.php). The
toxicity profiles represented by lethal dose (LD50) for each ligand were predicted using the open-source web
tool ProTox (http:/ /tox.charite.de/protox_II/). The possible drug-ability score for each ligand was calculated
using the tool, Molsoft (http://molsoft.com/mprop/).

4.4 Molecular Dynamic Simulation

To confirm the stability of protein-ligand complex, the complex of robinin-Mpr was subjected to the MD
by nanoscale molecular dynamics (NAMD) software [36]. The configuration files (parameters and topology)
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for MD CHARMMS36 all-force field parameters are generated by a web-based CHARMM-GUI
(http:/ /www.charmm-gui.org/) [37] along with the VMD Force Field Toolkit (ffTK) [38]. All systems were
solvated with transferable intermolecular potential water molecules (TIP3P) in cubic periodic boundary
conditions with the size around 52 x 67 x 60 Angstrom (x,y,z). The counter ion (Na+ and Cl-) were added to
neutralize the system. Before running the simulation, the energy of all systems was minimized in 500 steps to
prevent steric clashes and identify stable conformation. The constant temperature control was based on
Langevin dynamics23 with a damping coefficient (gamma) of 1.0 ps. The full-system periodic electrostatics
were computed by the particle-mesh Ewald (PME) algorithm?24. The MD simulation was conducted for 1000
ps under the normal temperature (310K) and pressure (lbar). The system is equilibrated with the NPT
ensemble and the trajectory was recorded each 0.2 ps. Visual Molecular Dynamic (VMD) version 1.9.3 [38] was
used to visualize and analyze the MD result. The root-mean-square deviation (RMSD) value was extracted
from MD simulation to evaluate the stability of subjected protein-ligand complex.
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