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Abstract: The novel coronavirus disease because of infection with the SARS-CoV-2 virus, COVID-
19, was first appeared in Wuhan, China, in December 2019. It has spread rapidly all around the World
and has been accepted as a pandemic. Specific therapies for COVID-19 treatment is not available for
now. Thus, there is a huge effort to develop and discover new therapeutic agents and vaccines by
scientists. The design and development of new therapeutic agents for treatment through medicinal
chemistry is slow and needed a hard labor process. Thus, it is urgent to achieve the discovery of more
effective agents. Marine natural products have antiviral activity and quite significant pharmacological
capacity. The antiviral properties of these products are shown as new promising therapeutic alternatives
against the viruses. The present work aimed to assess the inhibition potential of Didemnin A, B, and C
isolated from tunicates to COVID-19 Mpro protein through a molecular docking method. The molecular
characterization of compounds with binding affinity was performed by using the Swiss Target
Prediction Method. As a result, the binding energy of Didemnins A, B, and C was calculated as -11.82
kcal/ mol, -10.27 kcal/ mol, and -9.26 kcal/ mol, respectively. Also, the docking studies showed that
Didemnin B involved in hydrogen bonding with Glul66 in the active site of the Mpro protein.
Therefore, the natural marine compounds have the potential for developing drugs against to SARS-
CoV-2 virus, which may aid in overcoming the clinical challenge of the COVID-19 pandemic.
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1. Introduction

The recent outbreak of coronavirus disease 2019 (COVID-19) has rapidly spread to
almost all countries after the first detection in Wuhan, China, in December of 2019. There are
over 11,000 000 confirmed cases and over 524 000 confirmed deaths worldwide, so far [1-3].

Coronaviruses (CoVs) contain a positive-sense single-stranded RNA enveloped with a
membrane. Humans and other mammalian hosts can be infected by many of the CoVs. There
are four groups of CoVs designated as alpha, beta, gamma, and delta. Alpha and beta CoVs
are known to infect humans [1, 2]. SARS-CoV-2 is in the beta CoVs class, which also includes
the most aggressive strains of Coronavirus Severe Acute Respiratory Syndrome (SARS) Virus
(SARS-CoV), Middle East Respiratory Syndrome [4] Virus (MERS-CoV) [1, 5, 6]. All these
virus attacks to the lower respiratory system besides the heart, gastrointestinal system, central
nervous system, kidney, and liver may also be affected. However, there is no clinically
approved antiviral drug for coronavirus treatment [1]. Although there are currently ongoing
clinical studies on COVID-19 with different existing drugs (Remdisivir, Favilavir, etc.)
(https://ghddi-ailab.github.io/Targeting2019-nCoV/clinical/), it is still critical and urgent to
search for other effective inhibitors for the potential treatment of COVID-19 [2].
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The genome analysis of Coronavirus revealed the presence of structural and non-
structural proteins. They are responsible for transcription, translation, synthesis, processing,
and modification of RNA, virus replication, and infection. Among these, 3-Chymotrypsin-Like
protease (Mpro, also called 3CLpro), Papain Like protease (PLpro), RNA-dependent RNA
polymerase (RdRp), and helicase are the most important targets for the development of
inhibitors [7]. This study focused on Mpro protein in CoVs as potential target proteins to treat
COVID-19. Mpro is active in its dimer state, but till now, its crystal structure is not available
for the dimer form. Mpro’s monomer form consists of the 306 amino acids with three domains,
folded into helices and B-strands. The monomeric form of Mpro has been successfully
crystallized from COVID-19 with N3 peptide-like molecule by Liu et al. [8]. It has been
structured and repositioned in the Protein Data Bank (PDB) and is accessible by the public
(PDB-ID: 6LU7). This protease represents a potential target for the inhibition of CoV
replication [9].

Natural products have contributed most of the therapeutic agents in use today,
especially in antibiotics and chemotherapy agents [10, 11]. The studies have shown that the
natural product of marine origin has unique chemical structures and new cellular targets and
modes of actions, which are bringing significant innovation to the field as a therapeutic agent
[12]. Didemnins A, B, and C are marine depsipeptides isolated from tunicates or sea squirts of
the family Didemnidae. At low nano- and femtomolar levels, their antiviral activities have been
shown.. Among them, didemnin B (a derivative of didemnin A) reached to phase Il as the first
marine natural product. It inhibits viral replication in vitro at the lowest concentration [13, 14].

Compared with laboratory techniques, molecular docking methods provide to assign
compounds with their potential inhibitor effects by predicting their structure and design
effective drugs rapidly and with a high-throughput approach. After the prediction of
compounds through such computational methods, it is necessary to approve them via classic
experimental procedures. Also, these methods provide a selection of the most convenient
compounds for treatment by saving time [7, 15-17].

Considering the emergency situation, in this study, a molecular docking study was
conducted to determine the potential of Didemnins (A, B, and C) as an inhibitor for Mpro
against to COVID-19.

2. Materials and Methods
2.1. Molecular analysis protocol.

Interaction between Protein and ligand, type of binding and binding affinity of Mpro
protease with didemnins were determined via the docking method

2.2. Proteins.

The file of the COVID-19 Mpro (PDB ID: 6LU7) was obtained from Protein Data Bank
(PDB) (https://www.rcsb.org/). The 6L U7 protein is a homodimer and contains 306 amino acid
residues, and two chains, named as A and B. Chain A was used for macromolecule preparation.
Water molecules were removed, and nonpolar hydrogen molecules were added to the protein
structure in Python molecule viewer setting of mgltools (http://mgltools.scripps.edu/).
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2.1.1. Ligands.

CID files and molecular ligand data were obtained from PubChem on the NCBI
database (https://pubchem.ncbi.nlm.nih.gov/search/search.cgi) (Table 1). Ligands were
converted to mol2 format in Open Babel (https://openbabel.org/) GUI 2.3.2a setting.

2.3. Protein-ligand docking.

Docking was performed in Swiss Target Prediction (http://www.swissdock.ch/) to
predict interactions between ligands and proteins.

2.4. Analysis.

Results were viewed and analyzed with chimera 1.14(https://www.cgl.ucsf.edu)

3. Results and Discussion

COVID-19 virus Mpro (PDB ID: 6LU7) has been studied by Didemnin A, B, and C
molecules to predict capability inhibition of this enzyme activity and, consequently, the
reproduction of the virus. The protein structure and the chemical structure of the studied ligand
molecules (Didemnin A, B, and C) are shown.

Figure 1. Ribbon diagram of the COVID-19 Mpro in the complex with an inhibitor N3 (a). Chemical structures
of the Didemnin A (b), B (c), C (d).

To understand the binding interaction of Didemnin A, B, and C molecules with Mpro,
Swiss Target Prediction (http://www.swissdock.ch/) was used. In order to assess the accuracy
of Swiss Target Prediction, the co-crystallized ligand (N3) was removed from the active site
and docked within the inhibitor binding cavity of Mpro protease. Thr24, Thr26, Phel40,
Asnl42, Gly143, Cysl145, His163, His164, Glul66, Hisl72 are predicted active site residues
(Biovia Discovery Studio 4.5, 2019) in the previous study by Khaerunnisa et al. [9].
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Figure 2. Docking of Didemnin A (a), B (b), and C (c) into the active site of 6LU7. Docking interaction of
Didemnins with the active site of 6LU7 (left), Docking interactions of amino acids with Didemnins (right).

Table 1. Molecular docking analysis of Didemnins (A, B, and C) and native ligand against 6L U7.

Protein Ligands Estimated AG Molecular weight
(kcal/mol) (g/mol)
Native ligands (N3) -9.22 681
Didemnin A -11.82 943.2
6LU7 Didemnin B -10.27 1112.4
Didemnin C -9.26 1015.2

These residues play an important role in binding and catalytic activity in the active site
of Mpro. The docking interactions between the binding site residues and the Didemnin A, B,
and C molecules with their respective binding energy were given in Fig. 2a—d and Table 1. In
this study, the binding energy of the N3 inhibitor to the Mpro was found as -9.22 kcal/ mol,
showing that our docking method is valid for the studied inhibitors. The results indicated that
Didemnins (A, B, and C) have a relatively high affinity to the active site of Mpro (Table 1).
The docking interaction of the Didemnin A with the COVID 19 Mpro was calculated as -11.82
kcal/ mol while the Didemnin B and C are found to be docked with -10.27 kcal/ mol and -9.26
kcal/ mol, respectively. Conspicuously, their binding energy was higher when compared with
native inhibitor (N3). It was observed lower binding energy to the COVID-19 Mpro with
promising drug targets, plant compounds in the early studies [2, 5, 9, 18, 19]. The binding
energies obtained from the docking of 6LU7 with nelfinavir [9], diosmin [19] were -10.72, and
10.1 kcal/mol, respectively. Pant et al. reported that peptide-like molecules could be an
alternative to the small molecule as an inhibitor to the COVID-19 Mpro because of their
flexibility. This provides them to fit comfortably inside the binding site. Also, they are less
toxic and easy to synthesize [20]. It was reported that isonicotinoyl hydrazide derivatives could
be an effective Mpro inhibitor [21]. It can be said that Didemnins have more advantages than
other drugs as a Mpro inhibitor to treat COVID-19 due to their peptide structure.
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Furthermore, it is observed that the amino acid Glul66 in the catalytic site bonded to

the Didemnin B by the formation of H bonds. Thus, Didemnin B can be a more effective
inhibitor to the Mpro because this residue plays an important role in the enzymatic hydrolysis.

4. Conclusions

As conclusion, Didemnin A, B, and C tightly bind to COVID-19 Mpro protein, and

thus, we can say that they are acting as a potent inhibitor against Mpro activity of the viral
enzyme and thereby the SARS-CoV-2 viral replication. Further studies about these marine
nature compound able to stop the newly emerged COVID-19 infection.
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