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Working goal of Brazilein sappan wood as a candidate 
for SARS‑coV‑2 antivirus drug against spike (S) 
glycoprotein, papain‑like proteinase, and main 

protease: In silico study

Abstract

Brazilein sappan wood, played by Spike (S) glycoprotein, Papain‑Like proteinase 
(PLpro), and Main protease (Mpro), is expected to be a candidate for the antiviral 
drug SARS‑CoV‑2, which can inhibit viral attachment to the human body, replication, 
and transcription processes. The aim of this study was to predict in silico, using the 
comparative drug hydroxychloroquine, the working goal of brazilein sappan wood 
as a candidate for the antiviral drug SARS‑CoV‑2 against protein S, PLpro, and Mpro. 
The approach used is the in silico docking test using the computer program Molegro 
Virtual Docker. Receptor used by protein S, Protein Data Bank (PDB) code: 6M0J, 
NAG_601[E] ligand; PLpro, PDB code: 7JIT, Y95_501[A] ligand; and Mpro, PDB code: 
1WOF, I12_1145[A] ligand. Data analysis was carried out by comparing the docking bond 
energies between the ligands at the target receptor. Silico test results for protein S: 
ligand bond energy NAG_601 [E] = −59.4555, brazilein = −71.5537, hydroxychloroquine 
= −79.3704; PLpro protein: Ligand bond energy Y95_501 [A] = −129.561, brazilein 
= −94.9761, hydroxychloroquine = −100.984; Mpro protein: Ligand bond energy 
I12 1145 [A] = −141.135, brazilein = −96.6169, hydroxychloroquine = −104.88. The 
above test results indicate that brazilein sappan wood has potential as a SARS‑CoV‑2 
drug candidate, has a stable bond, and that the biological activity of the compound is 
stronger against S protein than the proteins of PLpro and Mpro.
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INTRODUCTION

Brazilein is a secondary metabolite of sappan wood that 
can be used empirically for the treatment of disease 
as a medicine.[1] As a candidate for the antiviral drug 
SARS-CoV-2, Secang wood brazilein may be produced. The 
in silico test revealed that brazilein has immunomodulatory 
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properties as well as good pharmacokinetic properties, 
resulting in low toxicity.[2] As work targets for this antiviral 
drug candidate, various structural and nonstructural 
proteins can be targeted.[3,4]

Viral proteins, which play an important role in the 
mechanism of viral attachment to the human body as well 
as the replication and transcription processes, can be used 
as the task objective of this antiviral drug.[5,6] The proteins S, 
papain-like proteinase (Plpro), and main protease (Mpro) 
are prospective working targets for candidates for antiviral 
drugs.[7,8]

There are several designs and working mechanisms for the 
work goal of the COVID-19 antiviral drug that was used, 
namely, (a) it may inhibit the operation of virus functional 
proteins or enzymes such that the process of viral RNA 
synthesis and replication is inhibited; (b) may interact with 
the viral S protein, thereby blocking the binding between 
viruses and receptors of human cells; (c) to restore innate 
immunity to the host, virulence factors can be produced; 
and (d) It can interact with host specific enzymes or 
receptors to prevent viruses from entering the host cells.[3]

B y  f o r m i n g  b o n d s  b e t w e e n  p r o t e i n  S  a n d 
angiotensin-converting enzyme 2 (ACE2), which is played 
out by 2 functional subunits, viruses invade human cells. 
The functional subunit S1 plays a role in the formation of 
ACE2 receptor bonds on the host cell, while the functional 
subunit S2 plays a role in the combination of the virus with the 
membrane of the host cell.[9,10] Sequences of receptor-binding 
domain (RBD) such as receptor-binding motif with certain 
amino acid residues have the ability to transmit between 
humans.[11,12] The function of PLpro is required after entering 
the human body for the cleavage process of nsp1, nsp2, 
and nsp3, which are essential in viral replication.[13] In 
determining the viability of CoV that mediates the replication 
and transcription of proteins in viruses, one of the essential 
enzymes is Mpro. The essential role of proteins S, Plpro, and 
Mpro in the design of antiviral drugs for COVID-19 is what 
makes them important targets.[14,15]

The in silico test is carried out by docking the molecules, the 
behavior of which is predicted with the target cells selected. 
The results from the in silico test are in the form of a bond 
energy value or Rerank Score (RS). The amount of energy 
needed to form bonds between ligands and receptors is 
shown by bond energy. The lower the energy of the bond, 
the more stable it is. The more stable the bond between 
the ligand and the receptor, the greater the activity can 
also be predicted. When docking, ligands with biological 
activity and the ability to bind to biological targets well in 
the  Protein Data Bank (PDB)  are used.[16]

A comparator drug that has been used and has a similar 
effect is needed to demonstrate the activity of the brazilein 

compound in sappan wood as a candidate for the antiviral 
drug SARS-CoV-2 against protein S, PLpro, and Mpro. 
Hydroxychloroquine, which has proven potential for the 
treatment of COVID-19 but does not support its use in 
hospitalized patients with COVID-19 who need oxygen, 
was used as a comparison drug.[17,18]

In a design for the antiviral drug SARS-CoV-2, sappan wood 
brazilein may be produced. Current drugs are designed 
using drug designs. Using molecular modification achieves 
new forms of drugs with improved activity and less to no 
side effects.[19]

MATERIALS AND METHODS

Materials
Three-dimensional (3D) structure Crystal structure of 
SARS-CoV-2 spike RBD bound with ACE2, code PDB: 6M0J; 
The crystal structure of Papain-Like Protease of SARS 
CoV-2, C111S mutant, in complex with PLP_Snyder495, 
code PDB 7JIT; and Crystal structure of SARS-CoV Mpro 
in complex with an inhibitor N1, code PDB; 1WOF from 
http://www.rcsb.org/pdb/home.do/.

Tools
Windows 8 64-bit, ChemDraw Professional 16.0, Chem3D 
16.0, and Molegro Virtual Docker 5 are the device 
requirements.

Methods
The structure of the molecule target protein S, code PDB: 
6M0J, ligand NAG_601 [E]; PLpro, code PDB 7JIT, ligand 
Y95_501 [A]; Mpro, PDB; 1WOF, ligand I12_1145 [A]. 
ChemDraw Professional 16.0.0 is used to draw the 2D structure 
of the compound to be docked, which is then transformed to 
3D using Chem3D 16.0.0. The conformation that was found 
to be the most stable was identified and determined. After 
calculating the minimum power, it is stored in the form of 
mol2 {SYBYL2(*.mol2)}. The docking process is carried out 
against the target receptor target Spike (S) glycoprotein, code 
PDB: 6M0J, PLpro, code PDB 7JIT, Mpro, PDB; 1WOF, using 
the Molegro Virtual Docker 5 computer software. The results 
are expressed as a RS, which is the amount of energy required 
during the ligand-receptor interaction phase.[20]

RESULTS

Figure 1 depicts the effects of forming a 2D structure with 
ChemDraw Professional 16.0. 2Dstructures are then used to 
construct a 3D structure in Chem3D 16.0.0. Figure 2 displays 
the next 3D structure used at all levels of docking.

Interaction visualization of the target molecule protein 
S with NAG_601[E], brazilein, and hydroxychloroquine 
ligands is shown in Figure 3; PLpro with Y95_501[A], 
brazilein, and hydroxychloroquine ligands are shown 
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in Figure 4; Mpro with I12_1145[A], brazilein, and 
hydroxychloroquine ligands are shown in Figure 5.

Figure 6 and Table 1 indicate the amino acids involved 
in the interaction of the protein S receptor with ligand 
NAG_601 [E], brazilein, and hydroxychloroquine; 
Figure 7 and Table 2 show PLpro with ligand Y95_501 [A], 
brazilein, and hydroxychloroquine; Figure 8 and Table 3 
show the Mpro with ligand I12_1145 [A], brazilein, and 
hydroxychloroquine.

Protein S, PDB code: 6M0J, PLpro, code 7JIT PDB, Mpro, 
PDB; 1WOF receptor re-docking effects, using the computer 
program Molegro Virtual Docker 5, can be seen in Table 4.

DISCUSSION

Protein S receptor with ligand NAG_601[E], Y95_501[A], 
I12_1145[A] is the target molecular receptor structure used. 
The three target receptors that were downloaded from the 
PDB were model proteins that were homologous to the 
target proteins of the SARS-CoV-2 drug candidate.

The ligands NAG_601[E], Y95_501[A], I12_1145[A] are 
compounds with known molecular structure and biological 
activity that have been present in the protein bank results. 
The three ligands were chosen because they have shown 
strong biological activity and are capable of binding 
during the docking process to biological targets, namely, 
the desired receptors, as well as specifying the parameters 
of the molecule’s chemical and physical properties. The 
activity groups (pharmacophores) and groups that can 
decrease activity, as well as the lipophilic, electronic, and 
steric/geometric properties of the groups, are searched with 
the aid of a computer program so that they can be used to 
design the minimum structural characteristics necessary for 
growth. Supplementary medicine.

Figure 1: Two‑dimensional design (a) Ligand NAG; (b) Ligand 
Y95; (c) Ligand I12; (d) Brazilein; (e) Hydroxychloroquine

d

cba

e

Figure 2: The form of the three‑dimensional structure that is stored in SYBYL2. (a) Ligand NAG; (b) Ligand Y95; (c) Ligand 
I12; (d) Brazilein; (e) Hydroxychloroquine

d

cba

e

Figure 3: Interactions with receptors protein S dengan (a) Ligand NAG_601[E]; (b) Brazilein; (c) Hydroxychloroquine
cba
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Table 3: The amino acids involved in the hydrogen-bond, electronic, and steric bond interaction of 
the main protease receptor with ligands
Ligand Hydrogen bonds Electrostatic bonds Steric bond
I12_1145[A] 5 Thr 190(A)

Glu 166(A)
Gln 189(A)
His 164(A)
Cys 145(A)

0 ‑ 11 Thr 190(A)
Ala 191(A)
Glu 166(A)
Met 165(A)
Gln 189(A)
His 164(A)
Gly 143(A)
Thr 26(A)

Cys 145(A)
His 163(A)

Brazilein 1 Ala 191(A) 0 ‑ 3 Gln 192(A)
Ala 191(A)
Thr 190(A)

Hydroxychloroquine 3 Asn 142(A)
Ala 191(A)
Gln 192(A)

0 ‑ 5 Glu 166(A)
Met 165(A)
Thr 190(A)
Gln 192(A)
Ala 191(A)

Table 1: The amino acids involved in the hydrogen-bond, electronic, and steric bond interaction of 
the protein spike receptor with ligands
Ligand Hydrogen bonds Electrostatic bonds Steric bond
NAG_601[E] 0 ‑ 0 ‑ 1 Asn 343(E)
Brazilein 3 Val 341(E)

Gly 339(E)
Glu 340(E)

0 ‑ 6 Phe 338(E)
Val 341(E)
Phe 342(E)
Glu 340(E)
Asn 343(E)

Hydroxychloroquine 0 ‑ 0 ‑ 3 Phe 374(E)
Ser 373(E)
Ser 371(E)

Table 2: The amino acids involved in the hydrogen-bond, electronic, and steric bond interaction of 
the papain-like proteinase receptor with ligands
Ligand Hydrogen bonds Electrostatic bonds Steric bond
Y95_501[A] 4 Asp 164

Gln 269
Tyr 264
Tyr 268

0 ‑ 5 Asp 164
Gln 269
Tyr 264
Glu 167
Tyr 268

Brazilein 2 Gln 269
Glu 167

0 ‑ 6 Tyr 264
Tyr 273
Glu 167
Gln 269
Leu 162
Gly 271

Hydroxychloroquine 4 Asp 164
Gln 269
Tyr 264
Tyr 268

0 ‑ 5 Asp 164
Gln 269
Tyr 264
Glu 167
Tyr 268

In order to meet the receptors, physical chemistry plays 
an essential role in transporting drugs. Drug physical 
chemistry (lipophilic and electronic) plays a part in the 
drug’s absorption and delivery such that the drug content 

is very high when it hits the receptor. Only drugs that have 
a high specificity structure can interact and cause activity 
with the biological receptors. The physical chemistry of 
the drug (electronic and steric) plays a role in promoting 
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the precise orientation of the molecule at the receptor 
surface.[20]

Through lipophilic/hydrophobic, electronic, and steric 
bonds, amino acids involved in receptor interactions 
with ligands occur. There are numerous interactions 
between each compound of the ligand and the target 
receptor, since there are variations in the compound 
structure’s spatial configuration. The large number of 
amino acid residues produced suggests that there is a 

good potential for the expected ligands to bind to the 
target protein.[21,22]

The biological activity of the compound can be predicted 
using a comparison of docking bond energies between 
ligands at the target receptor. The lower the ligands’ 
bond energy to the target receptor, the more the bonds 
are secure. The effects of re-docking the protein S 
receptor with the ligands NAG_601[E], brazilein, and 
hydroxychloroquine, PLpro with ligands Y95_501 [A], 

Figure 4: Interactions with receptors papain‑like proteinase dengan (a) Ligan Y95_501[A]; (b) Brazilein; (c) Hydroxychloroquine
a b c

Figure 5: Interactions with receptors main protease dengan (a) Ligand I12_1145[A]; (b) Brazilein; (c) Hydroxychloroquine
cba

Figure 6: Amino acids involved in the interaction of the protein S receptor with (a) ligand NAG_601[E]; (b) Brazilein; (c) Hydroxychloroquine
cba

Figure 7: Amino acids involved in the interaction of the papain‑like proteinase with (a) Ligand Y95_501[A]; (b) Brazilein; (c) Hydroxychloroquine
cba
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brazilein, and hydroxychloroquine; Ligand I12_1145 [A], 
brazilein, and hydroxychloroquine, Mpro using the 
computer software Molegro Virtual Docker 5, can be seen 
in Table 4.

The target protein S ranking indicates that brazilein 
provides lower energy than the NAG_601[E] ligand, 
making it more stable to bind to the receptor, but higher 
than hydroxychloroquine, making it less stable to bind 
to the receptor. Rank scores on the PLpro target suggest 
that brazilein supplies higher energy than Y95_501[A] 
and hydroxychloroquine ligands so that receptor binding 
is less stable. The Mpro goal rank score indicates that 
brazilein provides higher energy than I12_1145[A] ligand 
and hydroxychloroquine, rendering it less stable to bind 
to the receptor.

CONCLUSION

The comparison of ligand, brazilein, and hydroxychloroquine 
bond energy values with the target receptor protein S, 
PLpro, and Mpro indicates that the ability of wood brazilein 
as a SARS-CoV-2 drug candidate is stable bonding and 
that the biological activity of the compound is stronger 
against glycoprotein S than that of PLpro and Mpro by the 
molecular docking method.
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