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ABSTRACT 
 
The pandemic of COVID-19 disease in the late of 2019 resulted in the massive screening for 
drug discovery purpose. However, there is still no reports about the ability of natural products 
from bacterial group of class Actinobacteria as COVID-19 inhibitor. The aim of this research is to 
identify the potential ability of natural compounds from Actinomadura sp., the member of class 
Actinobacteria, against two receptors of COVID-19 protease with PDB ID 6LU7 and 5R7Y. The 
eleven natural compounds were docked using AutoDock Vina and the interaction between 
receptor and ligands were analysed using LIGPLOT. The most potential compound was 
simulated for its interaction stability using Yet Another Scientific Artificial Reality Application 
(YASARA) dynamics. The result of molecular docking by AutoDock Vina showed that 
Sagamilactam become the most potential inhibitor for viral protease as it had lower binding 
affinity (6LU7:-12 and 5R7Y:-10.4) compared to the both of  native ligand (6LU7:-11.4 and 
5R7Y:-4.6). Furthermore, the interaction of the most potential ligand showed the low number of 
Root Mean Square Deviation (RMSD) deviation in molecular dynamic simulations. This result 
validated the docking method that used and indicated that secondary metabolites produced 
from rare actinobacteria of Actinomadura sp. have promising possibility to inhibit COVID-19 
protease.  
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INTRODUCTION  

Phylum Actinobacteria is the spore-

forming and aerobic Gram-positive bacteria. 

It comprises 5 classes, 19 orders, 50 families, 

and 221 genera (Amin et al., 2020).  Also, 

Actinobacteria are well-known as the 

antibiotic and enzyme producers. 

Actinobacteria can be divided into two groups 

namely, Streptomyces and non-streptomyces 

or also known as rare actinobacteria (Azman 

et al., 2015). Interestingly, many novel 

species from both are continuing to be 

discovered which also increase the possibility 

to find potential compounds. 

The genus Actinomadura is one of 

rare Actinobacteria which has been defined 

as aerobic, Gram-positive, non-motile, and 

chemoorganotrophic soil actinomycetes. 

These microbes characterised with 

extensively branched, non-fragmenting 

substrate mycelium, and mostly aerial 

hyphae appearance matured into straight, 

curled, hooked or spiralled spore chains. 

Although Actinomadura strains are mostly 

mesophilic and non-pathogenic, some 

thermophiles have also been identified and 

strains that are pathogenic to both men and 

domestic/farm animals are known(Tarantini 

et al., 2021). Most of the members of 

Actinomadura are the antimicrobial 

producers against various pathogenic 

bacteria (Badji et al. 2006). 

The spreading of severe acute 

respiratory syndrome coronavirus 2 (SARS-

CoV-2) began in Wuhan City of China in the 

year of 2019(Singhal, 2020). Currently, the 

Johns Hopkins University data showed that 

there are more than six hundred million cases 

with six million of deaths across the country 

(https://systems.jhu.edu/). Although some 

vaccines are already available, they have the 

limitation according to the efficacy duration 

which decreased from 1 month to 6 months 

after full vaccination(Feikin et al., 2022). 

Therefore, the screening of drug candidates, 

mainly from natural compounds, is still 

undergone by many researchers. The main 

protease (Mpro) is one of drug targets to 

inhibit viral replication (Huff et al., 2022). It 

intersects the viral polypeptide pp1a and 

pp1ab into functional proteins that are 

significant for the replication process. This 

enzyme also showed a low mutation ratio on 

its active site which did not widely impact the 

interaction with the Mpro inhibitor (Glaser et 

al., 2022).  

Many of the compounds that 

potentially combat the SARS-CoV-2 Mpro are 

obtained from plants (Kusumaningrum et al., 

2022; Puttaswamy et al., 2020). Previously 

there was no information regarding the 

ability of natural compounds from 

Actinomadura to inhibit the SARS-CoV-2 

replications. Thus, the aim of this research is 

to identify the potential ability of natural 

compounds from Actinomadura sp. to inhibit 

COVID-19 protease. 
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METHODS 

Data Mining 

The protein structure of COVID-19 

protease (PDB ID: 6LU7 and 5R7Y) were 

downloaded from the Protein Data Bank 

(PDB: https://www.rcsb.org/) The ligands 

used in this research were based on the 

previous research by (Ding et al. 2019) and 

obtained through PubChem database 

(https://pubchem.ncbi.nlm.nih.gov/). The 

ligands which are used in this research 

comprises of below. 

Ligand References 

Native Protein Data Bank 

Actinomadurol  

 

 

 

 

 

(Ding et al., 2019) 

Anthracene 

Azanthromicin A 

Bendigole D 

Bendigole E 

Bendigole F 

Hemi-Oxanthromicin D 

Oxanthromicin E 

Oxanthromicin F 

Oxanthromicin G 

Sagamilactam 

 

Protein and Ligand Preparation 

The native ligands from both 

receptors were used as control and the active 

site of the grid box is adjusted by its position 

through Autogrid in Autodock 4.0 Software 

(Morris et al., 2009). The grid size for 6LU7 

was 28 x 54 x 32 while for 5R7Y was set to 26 

x 30 x 28 xyz points. The dimension of grid 

centre for 1IYL was 12.397(x), 47.683 (y), 

0.272 (z) while for 5R7Y was 10.301 (x), -

2.386 (y), 24.735 (z). 

Molecular Docking Analysis 

The COVID-19 Protease receptors 

were docked using AutoDock Vina (AV) 

software (Trott & Olson, 2009) operated in 

Windows subsystem Linux. The binding 

affinity value and RMSD used as the main 

parameter. In addition, the molecular 

interaction between ligands and receptors 

were analyzed using LIGPLOT. 

Lipinski Rule of Five Test, Toxycology 

Analysis, and Antiviral Prediction 

The physicochemical test and 

toxicology analysis of secondary metabolites 

that tested against COVID-19 main proteases 

affinity was carried out by entering the 

canonical SMILES into pkCSM server 

(http://biosig.unimelb.edu.au/pkcsm/predict

ion). Meanwhile, the antiviral properties of 

each compound are predicted through the 

PassOnline server also by entering its 

canonical SMILES. 

Molecular Dynamics Analysis 

The Receptor-ligand complex is 

simulated using Yasara Dynamics (Krieger & 

Vriend, 2015) with AMBER force field (Case et 

al. 2005) for 7 nanoseconds. The root mean-

square deviation (RMSD) was observed to 

measure the molecule's stability. 

 

https://www.rcsb.org/
https://pubchem.ncbi.nlm.nih.gov/
http://biosig.unimelb.edu.au/pkcsm/prediction
http://biosig.unimelb.edu.au/pkcsm/prediction
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RESULTS AND DISCUSSION  

In the present research, the binding 

affinity between natural compounds from 

genus Actinomadura and SARS-CoV-2 viral 

protease were studied in Table 1. The present 

study was proposed to identify the ability of 

secondary metabolites from Actinomadura sp. 

against SARS-CoV-2 viral protease (Mpro). 

Here we used two different Mpro, composed 

of 5R7Y and 6LU7. The current docking study 

was validated by re-docking the native ligand 

from the crystallographic protein-ligand 

complex. The binding affinity between the 

natural compounds and native ligands were 

compared to obtain compounds with the 

lowest binding energy. 

Table 1. Molecular docking results with 
Lipinski rule of five and toxicity analysis 

Regarding the docking result for 

5R7Y receptor in Table 1, all of the 

compounds from Actinomadura sp. have 

lower binding affinity compared to the 

native ligand (Z45617795) with 

Sagamilactam becoming the most promising 

ligand. Furthermore, Sagamilactam also 

showed the lowest number of binding 

affinities energy in 6LU7 receptor. The 

more negative binding affinities using 

AutoDock Vina software analysis indicate 

the stronger binding affinity between ligand 

and receptor (Xue et al., 2022). Therefore, 

we use Sagamilactam for further 

investigation. 

Pertaining the physicochemical 

properties, all the compounds from 

Actinomadura used in this study meet all the 

criteria of Lipinski rule of five. Lipinski’s rule 

of 5 states that a molecule is considered drug-

like when it satisfies: molecular weight < 500 

Dalton, number of H-bonds donors < 5, 

number of H-bonds acceptors < 10 and LogP 

< 5(Lipinski, 2004). Although Sagamilactam 

has more than 500, it is still under the 

tolerance limit of 600 as there are several 

exceptions about Lipinski’s rule of 5(Ivanović 

Ligand Binding 

affinities 

(kcal/mol) 

RMSD Mass Hydrogen 

bond 

donor 

Hydrogen 

bond 

acceptors 

LogP Antiviral 

Activity 

Prediction 

Ames 

Toxicit

y 

LD50 

(mol/kg

) 

6LU7      5R7Y    

Native -11.4 -4.6 0.0 - - - - - - - 

Actinomadurol -9.0 -7.9 0.0 318 3 4 3.515 33% Yes 2.184 

Anthracene -8.8 -8.0 0.0 306 2 4 1.516 40% Yes 2..307 

Azanthromicin 

A 

-8.3 -7.4 0.0 283 1 4 2.539 45% Yes 2.375 

Bendigole D -10.3 -8.8 0.0 374 3 5 3.05 42% No 2.208 

Bendigole E -10.3 -8.5 0.0 372 2 4 3.65 44% No 1.957 

Bendigole F -9.4 -8.3 0.0 312 5 6 -0.05 58% No 2.403 

Hemi-

Oxanthromicin 

D 

-9.4 -9.1 0.0 446 5 9 2.91 50% Yes 2.375 

Oxanthromicin 

E 

-9.4 -9.4 0.0 444 5 8 3.35 53% No 2.599 

Oxanthromicin 

F 

-8.3 -7.6 0.0 314 3 6 1.63 42% No 3.227 

Oxanthromicin 

G 

-11.0 -10.1 0.0 540 3 9 3.52 40% No 2.857 

Sagamilactam -12.0 -10.4 0.0 659 3 4 7.54 47% No 2.376 
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et al. 2020). Thus, Sagamilactam has drug-

likeness properties that might be utilized to 

inhibit viral protease. 

 

 

Among all compounds found in 

Actinimadura sp., the potentially active of 

these compounds as antifungal based on 

Prediction of Activity Spectra for 

Substances (PASS) server analyses 

(Druzhilovskiy et al., 2017) are between 

33% until 58% with Bendigole F as the 

highest. Meanwhile, the toxicity 

measurement showed that more than half 

compounds were not categorized as 

carcinogenic effects based on AMES toxicity 

measurement (Zeiger, 2019). The LD50 

value also showed that almost all of the 

compounds were in Class V of toxicity 

(except Bendigole E) based on ProToxII 

webserver criteria. Class V means that the 

compounds may be harmful if swallowed.  

Previously, Sagamilactam was 

known as the antibiotic with the main 

ability as the Anti-trypanosomal compound 

(Kimura et al., 2016). The Prediction 

Sagamilactam compound based on Activity 

Spectra for Substances (PASS) server 

analyses showed the number of 47% in 

potentially active as antiviral. The 

potentially active number less than 70% 

means that the opportunity to find the 

antiviral activity in experimental research is 

not too high (Ramadhan et al., 2020). 

However, we could validate our docking 

results through molecular interactions and 

molecular dynamic analysis before going 

into experimental approach. 

 

 

Figure 1. Molecular interaction between ligands and receptors 5R7Y. 
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Figure 2. Molecular interaction between ligands and receptors 6LU7. 

The Z45617795 (5R7Y) and 

N3(6LU7) were used as reference ligands to 

compare the interaction between ligands 

and receptors. As Sagamilactam has the 

lowest binding energy for both receptors in 

the previous analysis, it continued to 

interpret the molecular interactions. Beside 

the binding affinity, the hydrogen bonds 

and hydrophobic interactions are also 

interpreted as we can see in Figure 1 and 

Figure 2.   

Structural analysis of the SARS-

CoV-2 Mpro active site revealed several 

amino acid residues, namely THR-25, THR-

190, THR-26, HIS-41, HIS-163, LEU-27, LEU-

141, LEU-166, SER-46, PHE-140, PHE-185, 

PRO-168, MET-49, MET-165, TYR-54, ASN-

142, ALA-191, GLY-143, GLN-189, GLN-192, 

GLU-166, ASP-187, and CYS-145 (Zhang et 

al., 2020). Based on the Figure 1, The native 

ligand of 5R7Y form only hydrophobic 

interaction (Interaction data).  Meanwhile, 

the Sagamilactam form hydrogen bond with 

THR-190 and ASNL-42. Both of ligands 

showed five hydrophobic bond similarities 

which comprises of CYS-145, GLU-166, 

MET-165, ARG-188, and GLN 189. These 

interactions confirmed that all of the 

ligands have interacted in the active sites of 

SARS-CoV-2. 

The redocking result of N3 ligand 

to 6LU7 receptor showed four hydrogen 

bond interactions which comprises of GLY-

143, GLU-166, GLN-189, and THR-190. 

Meanwhile, the interactions between 

Sagamilactam and 6LU7 only have two 
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hydrogen bonds in GLY-143 and THR-190. 

Both of these ligands have similarity in five 

hydrophobic bond. All ligands also attached 

on the amino acid residues that located at 

the SARS-CoV-2 Mpro active site. The 

previous research showed that the amino 

acid of Gly143 is the strongest residue to 

create hydrogen interaction with ligands. 

Besides, the interactions in Gly143 and 

Glu166 have significant role in maintaining 

the ligand-receptor complex 

(Kusumaningrum et al., 2022). 

 

 

 

Figure 3. The results of root mean square deviation (RMSD) analysis in Molecular Dynamics. 
 

Molecular Dynamics analysis 

provided important information regarding 

the dynamic behaviour of the protein-ligand 

complex. The root mean square deviation 

(RMSD) value provides the deviation value 

for a group of atoms in the protein-ligand 

complex (Al-Karmalawy et al., 2021). The 

RMSD values were measured for 7 

nanoseconds (ns) time simulation. The 

result of MD simulation can be observed 

through Figure 3. 

RMSD value is utilized to show the 

difference between protein’s backbones 

final position from its initial confirmation. 

The smaller the deviation, the more stable 

protein structure (Aier et al., 2016). During 

simulations of Sagamilactam in both 

receptors, the RMSD values of the ligand-

receptor was observed between 0 and 2.2 

Angstrom. Thus, there were no significant 

deviations found in any ligan-receptor 

complexs which indicated protein stability.  

In addition, the presence of hydrogen bond 

between ligand and receptor might have 

significant key in the RMSD result as the 

higher RMSD value mostly correlated with 

lower number of hydrogen bond (Kony et 

al., 2007). 
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CONCLUSION 

Based on our study, Sagamilactam 

was the most promising compound from 

Actinomadura sp. that can inhibit SARS-

CoV-2 viral protease based on molecular 

docking and molecular dynamics analysis. 

Further in vitro are needed to strengthen 

this study.  
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