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Abstract: The novel coronavirus 2019 (SARS-CoV-2) is one of the viruses that can infect 
humans and cause high mortality worldwide. The protease (Mpro) is key SARS-CoV-2 an 
enzyme mediates the viral replication and the transcription. Mpro is currently used as the 
candidate for the SARS-CoV-2 vaccine because Mpro is one of the key enzymes in the viral 
life cycle that essential for interactions between the virus and host cell receptor during viral 
entry. The Mpro can be a target protein to design the novel drug of SARS-CoV-2. The drug 
design from natural products that are considered to have low toxicity is needed against the 
virus. The study aims to determines the potential pharmacology of Trisindoline 1 compound 
from the sponge Hyrtios altum against SARS-CoV-2 and to find the amino acid residues 

between interaction ligand-protein receptors. The methods of this study use the virtual 
screening of Auto Dock Vina and visualization the amino acid residue using Bio via 
Discovery Studio. The result of this study was the selected marine compound from 
Trisindoline 1 may have potential to developed as inhibitor of SARS-CoV-2.  
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Introduction 
 

Coronaviruses are a group of viruses that 
generally affect the respiratory system of mammals, 
and can cause acute respiratory infections. The new 
strain of coronaviruses known as SARS-CoV-2 was 
originated from Wuhan city, Hubei province of China, 
in late December 2019 and then later spread across the 
entire globe (Adhikari et al., 2020). Based on report of 
WHO, in 5 October 2020, there have been 72,556,942 
confirmed cases of COVID-19, including 1,637,155 
deaths. As of 16 December, in Indonesia 636,154 
confirmed cases of COVID-19, 19,248 deaths and 
521,984 recovered cases from 510 districts across all 34 
provinces. People with infected coronavirus have some 
symptoms include fever, cough, difficulty breathing 
fatigue, headache, nausea, diarrhea runny nose and 
dyspnea. In more cases, infection coronavirus can cause 

severe acute respiratory syndrome, vital organ damage 
and death. There is currently no specifics medicine or 
treatment for diseases caused by SARS-CoV-2 (Huang 
et al., 2020).  

The characteristics of SARS-CoV-2 are 
enveloped, positive-sense and single-stranded RNA 
(Cui et al., 2019). CoVs belonging to the Coronaviridae 
family of the order Nidovirales, which are divided into 

four genera (a, b, g, and d). The SARS CoV-2 belongs to 
the b genus and contain four structural proteins: 
membrane (M) protein, nucleocapsid (N) protein, Spike 
(S) protein, and envelope (E) protein (Bosch et al., 
2003). Spike protein can promote host attachment and 
viruses cell membrane fusion during infection of virus. 
Therefore, Spike determines to some extent the host 
range (Wu Canrong et al., 2020). 

The main protease (Mpro), also known as a 
chymotrypsin-like cysteine protease, 3CLpro)  is one of 
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the key enzymes in the viral life cycle that essential for 
interactions between the virus and host cell receptor 
during viral entry (Zumla et al. 2016). Mpro are highly 
conserved, sharing more than 90% sequence similarity 
with the corresponding SARS-CoV enzymes (Liu et al., 
2020).  

Mpro is characterized by a self-cleavage protein 
and consists of a homodimer subdivided into two 
protomers (A and B) that have three distinct domains 
(Cui et al., 2019; Kannan et al. 2020). The first and 
second domains have antiparallel structure of β sheets 
while the third domain contains five α helices forming 
a globular group (Jin et al. 2020). Mpro has been found 
to play a fundamental role in viral gene expression and 
replication. Therefore, this is the reason Mpro is an 
attractive candidate target for anti-CoV drug design. 

The potential of anti-coronavirus therapies can 
be divided into two major groups based on the target, 
one is the human immune system or the coronavirus. 
Thus, the innate immune system could contribute to 
control the replication and infection of the coronavirus 
(Omrani et al., 2014). Blocking the core signal pathways 
of human immune system or human cells required for 
virus replication. In addition, the viruses bind to 
receptor proteins on the surface of cells in order to 
entering human cells. the SARS virus binds to the 
angiotensin-converting enzyme 2 (ACE2) receptor to 
show a certain antiviral effect (Ge XY et al., 2014; Han 
DP et al., 2006; Li W et al., 2003). Most antiviral drugs 
are targeted to nucleic acids in viruses. The main 
problems of viral therapy were to find a drug that 
specific to fight the virus. Antivirals are more effective 
in prevention than the treatment in patient 
(Crumpacker, 2004). 

However, no effective antiviral treatment or 
vaccine is available for COVID-19 until 2021. Presently 
the SARS-CoV-2 infected patient’s treatments have 
been limited to the use of prophylactic and 
symptomatic regulation like mild symptoms such as 
dry cough, sore throat, and fever, and various fatal 
complications (Chen et al. 2020). Therefore, there is an 
urgent need for the discovery of a potential treatment 
therapy and novel drugs from natural product to get 
effectivity and minimal toxicity against the SARS-CoV-
2 (Cui et al., 2019).  

Natural compounds can be obtained from 
several plants, microorganisms, and marine organisms 
(Natalia et al., 2017). Sponges as one of the benthic 
organisms that are known to contain the most extensive 
bioactive compounds and get the most attention of 
researchers compared to other marine invertebrates 
that have been studied. According to Jha and Zi-Rong 
(2004), sponges are the largest contributor to bioactive 
compounds from the sea when compared to other 

marine biota, namely 37%, followed by coelenterates 
(21%), microorganisms (18%), algae (9%), echinoderms 
and tunicates. respectively (6%), mollusks (2%) and 
bryozoans (1%). 

One of secondary metabolites can derived from 
sponge. In this study, we conducted selected natural 
product namely Trisindolina from Hyrtios altum sponges 
as inhibitor of Mpro in SARS-CoV-2. Trisindoline 1 

compound is a natural alkaloid compound originating 
from the waters of Okinawa, Japan. Trisindolina was 
isolated from the culture of Vibrio sp. which is in 
symbiosis with the sponge Hyrtios altum. The 
Trisindolina group has been developed in many recent 

anticancer studies due to the success of the synthesis 
method and the high cytotoxic potential (Mustikasari & 
Mardi, 2012). Santoso and Mursyidah (2010) have 
synthesized Trisindolina compound into four. The 
compound produced by the synthesis of Trisindoline are 

compound 1 (S1): 5'-nitro- [3,3 ': 3', 3 "-terindoline] -2'-
one, the synthesis of Trisindoline with the addition of a 

nitro group, compound 2 (S2), namely 1,1 "-dimethyl-
5'-nitro- [3,3 ': 3', 3" - terindoline] -2'-one which is the 
product of Trisindoline with the addition of a dimethyl 

group, compound 3 (S3) 5,5 ", 7,7 "-tetrabromo- [3,3 ': 3', 
3" -terindoline] -2'-one which is the product of 
Trisindoline with the addition of a bromo group, and 
compounds 4 (S4) and 5'-chloro-1,1 "-Diethyl-1H, 1" H- 
[3,3 ': 3', 3 "-terindol] -2 '(1'H) -one which is the product 
of Trisindoline with the addition of a chloro group. The 

previous study showed that cytotoxicity test of 
Trisindoline 1 against the MCF cancer cell line showed 
the highest cytotoxic activity. This means Trisindoline 1 
is protential as anticancer (Nurhayati et al., 2017).  

Trisindoline belongs to the group of indole 
alkaloid compounds with a modified addition of a nitro 
group. The Trisindoline 1 compound also has 
similarities with the isatin group and its derivatives due 

to the presence of a heterocyclic ring. A recent study by 
Zhang et al. (2020) showed that isatin derivatives can 
act as -keto amide inhibitors are very important 
inhibitors for MERS and predicted it to be better for 
SARS-CoV-2 as well. In this study, we selected 
Trisindoline 1 from sponge to find out the more 
potential drug of this compounds as antiviral.   

Molecular docking is an attractive tool to find 
out the novel drug design and discovery, as well as in 
the mechanistic study by a molecule target (ligand) into 
the binding site of the target specific of the DNA or 
protein (receptor) with a stable interaction, potential 
efficacy and more specificity (Rohs et al. 2005; Guedes 
et al. 2014). The molecular docking approach can be 
used to model the interaction between a small molecule 
and a protein at the atomic level with the similarity 
result reach up 90% like in vitro result (McConkey et al. 
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2002). The basic docking process involves prediction of 
the ligand conformation with active site and 
assessment of the binding affinity (Xuan Yu Meng et al. 
2011). Prediction of the structure of the ligand 
complexes with proteins, called protein-ligand docking, 
is required in the drug development process. 

In the present research, the evidence for the 
potential benefits of Mpro inhibitors against the SARS 
coronavirus (SARS-CoV-2) is provided. Molecular 
docking was performed in order to find out the 
potential of selected compound from Trisindoline 1 as 

antiviral drug and analysis the amino acid interaction 
between marine sponge compound and Mpro of SARS-
CoV-2. This study predicts of potential activity of 
Trisindoline 1 as antiviral that may inhibit novel 

coronaviruses and provides scientists with information 
on compounds that may be effective. This study can 
continue to anti-viral effects in vitro and in vivo will 
provide useful information for clinical treatment of 
novel coronavirus.   
 

Materials and Methods 
 

The in-silico test was carried out using 2019-
nCoV main protease Mpro. The 3D structure is 
obtained from the protein data bank (www.pdb.org) 
using the PDB ID: 6lu7. The 3D structure of the target 
marine sponge compound was draw by Chemdraw. 
The 3D structure of Lopinavir (Pubchem ID: 92727) and 
Ritonavir (Pubchem ID: 39262) obtain from PubChem 
(https://pubchem.ncbi.nlm.nih.gov) and converted by 
open babel. The energy affinity of the marine sponge 
compound and Mpro target protein was carried out 
with Auto dock Vina. The lowest energy affinity is 
chosen to determine the most potent drug candidate. 
The interaction between ligands and amino acid 
residues on the active site was carried out using Bio via 
Discovery Studio. Furthermore, the study of Mpro that 
bind to the selected compound was carried out to 
determine the mechanism of action of the drug 
candidate. Finally, the protein structure was minimized 
to Root Mean Square Deviation (RMSD) value with 
score <2. Thus, analysis of interaction ligand and 
protein target was done to determine amino acid 
residues that interact between ligand and protein.    
 

Result and Discussion 
 

Coronaviruses is presenting major threats to 
human health over the world (Zhu N et al., 2020). 
Coronaviruses are a family of positive strand and 
belongs to enveloped RNA viruses that can cause 
chronic respiratory and central nervous system diseases 
in humans (McIntosh, 1974; Marra et al., 2003). This 

family features the largest viral genomes (27−31 kb) 
found to date (Lomniczi, 1977; Lee, 1991). The genomic 
RNA is formed complexed with the nucleocapsid (N) 
protein within the membrane with a helical capsid. The 
membrane of all coronaviruses is must have three viral 
proteins: (i) a spike protein (S), a type of glycoprotein I, 
(ii) a membrane protein (M) and (iii) an envelope 
protein (E). The SARS-CoV genome encode two 
replicase polyproteins called pp1a (∼450 kDa) and 
pp1ab (∼750 kDa) which produced by a proteolytic 
process. While other coronaviruses strain make use of 
three proteases for proteolytic processing, the SARS-
CoV encode only two proteases, which include a 
papain-like cysteine protease (PLpro) and a 
chymotrypsin-like cysteine protease or 3C-like protease 
(3CLpro). The 3CLpro enzyme, also called Main 
protease (Mpro), is indispensable to the viral 
replication and infection process, thereby making it an 
ideal target for antiviral therapy (Pillaiyar et al., 2016). 

 

 

Figure 1. The structure of a corona virus (Pillaiyar et al., 
2016). 

 
Currently, no specific clinical therapeutics and 

vaccine are available for the treatment of SARS-CoV-2-
mediated infections (Zhou Yet al. 2020). Thus, there is 
an urgent need to identify and characterize novel drug 
candidates to overcome the health losses caused by 
SARS-CoV-2. To provide natural scaffolds for drug 
development, Trisindoline 1 has selected against novel 

drug target, Mpro.  
The antiviral compounds are needed to be 

explore since viral diseases have become major human 
health problems (Sagar et al. 2010; Nannou et al. 2020). 
The ability of a virus to rapidly evolve, mutant and 
develop resistance against pharmaceuticals calls for 
continuing development of the novel antiviral drugs 
(Rabaan et al. 2020). Several lead antivirals compounds 
have been isolated from marine natural resources in the 
worldwide include Indonesia. Based on the previous 
study, marine natural product chemical family, a 
sponge-derived bis-indole alkaloid have many 
bioactivities including antibacterial, antifungal, 
antiviral, and anti-HIV-1-RTase. The indole-alkaloid 
based pharmaceutical constitute important class of 
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therapeutic agent and can combine with the other 
pharmaceuticals in the future (Biswal et al., 2012).  

Bioinformatics is one of the most essential and 
straight forward approaches to design new drugs (Lin 
et al. 2020). Bioinformatics techniques nowadays is very 
useful because cost effective and easy to use. Due to the 
high cost of clinical and laboratory trials, the time 
consuming and the possibility of error the 
bioinformatics techniques are used to design novel 
drug potential (Shaghaghi, 2020). Computational 
docking can be used to predict the conformations and 
energy affinity of binding for small molecule ligands to 
protein targets. Docking is widely used for the study of 
biomolecular interactions and applied to structure 
based drug design (Vijayaraj et al. 2019).  

Auto dock has been used for protein–ligand 
docking, but very few studies have been performed 
using nucleic acids and protein as targets (Detering C 
and Varani G, 2004). Auto dock is a one of the tools for 
exploration of the nature source to develop the novel 
drug based on some software like DOCK, FlexX, and 
GOLD at reproducing the crystallographic pose of 
ligand–protein binding (Park H et al., 2006). A search 
algorithm is initially used to find best conformation of 
the ligand and protein target, and scoring functions are 
used for evaluating and show the the “correct” pose 
(Moitessier et al., 2007). Auto dock performs molecular 
dockings by calculating energy affinity around the 
binding site on the target. The algorithm utilizing the 
Lamarkian Genetic Algorithm (LGA) can be used to 
find the best energy affinity of the position of the ligand 
and protein target (Morris et al., 1998; Patrick et al., 
2008).  

The dock scoring function used to determine the 
binding site of a ligand, predict the best energy affinity 
and identify the novel potential drug. Several studies 
have been conducted to discover 2019-nCoV antiviral 
drugs (Jin et al. 2020; Sampangi-Ramaiah et al. 2020). 
The results of some studies shown that protease 
inhibitors which major part of secondary metabolites 
derivatives, can be effective to control the viral 
infection. 

The results of virtual screening of target marine 
sponge compound against Mpro were determined. The 
bond energies have been tested by RMSD and 
compared with crystallographic ligands. The marine 
sponge compound as drug candidates can be done 
quickly and easily with the help of molecular docking. 
Virtual screening of drug candidates from natural 
ingredients helps to discover new molecules and the 
activity of the targeted compounds. 

 
 

 
 

Figure 2. Coronavirus Main Proteinase (3CLpro) 
Structure with PDB ID : 6LU7 (pdb.org). 

 
 

 

 

 

 

 

 

 

Figure 3. Structure of a) Lopinavir b) Ritonavir c) 
Trisindoline 1 (5’-nitro-[3,3’:3’,3”-terindolin]-2’-one) 

 
Docking has been successfully performed 

between selected marine sponge compound with Mpro. 
The docking results show that Trisindoline 1 is the most 

potent compound among other ligand. This is 
evidenced by the lowest energy affinity value produced 
on Trisindoline 1 with a score of -8.7 when it binds to 

Mpro. Based on this study, we can determine the best 
energy affinity Trisindoline 1 > Lopinavir > Ritonavir. 

 
 
 
 

b 

a 

c 
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Table 1. Docking score selected compound against 
Mpro 

Ligand Mpro (N3) kcal/mol 
Lopinavir -8.5 
Ritonavir -7.8 

Trisindoline 1 -8.7 

 

 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 

 
 

Figure 4. 3D Visualization of Mpro protein and selected 
ligand a) Lopinavir (Pubchem ID: 92727) b) Ritonavir 

(Pubchem ID: 39262) c) Trisindoline 1 
 

Trisindoline 1 is classified as indole alkaloid that 

may can inhibit SARS-Corona virus viral protease 3CL 
inhibition but the mechanism still undetermined. This 
compound has similarity with another indole 
compound like Delavirdine as anti HIV inhibitor. Xu H 
et al. (2009) reported that indole derivatives have 
potential as a HIV-1 inhibitor. Thus, another indole 
alkaloid reported that isatin compound which have 
heterocyclic ring can be role as inhibitors of RT-
associated enzymatic functions and HIV-1 reverse 
transcriptase. The isatin derivatives can be antiviral 

activity against some viruses like the pox virus, 

vaccinia virus, rhinovirus, and SARS virus (Varun et 
al., 2019).  

The docking poses of all the ligands were 
visualized using Bio via Discovery. Three ligands with 
the highest binding affinity to Mpro were visualized. 
Lopinavir was interacting with Gln110, Phe294, Val202, 
Val297, Ile249, and Pro252 residues. The residues of 
Glu166, Ser144, Asn142, His41, Met49, His163, Met165, 
and Cys145 binding pocket were responsible for the 
binding of Ritonavir. Trisindoline 1 showed interaction 

with Phe140, Leu141, Asn142, Gly143, Ser144, Cys145, 
His164, His163, Met165, Glu166, His172, and Gln189. 
The results revealed that the Trisindoline 1 compound 

fits well in the active site of Mpro and has the highest 
binding affinity. This compound shows strong 
interaction with binding site which are responsible for 
inhibit the activity of Mpro. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 
Figure 5. Visualization of interaction amino acid 

between selected compound against Mpro with ligand 
a) lopinavir b) ritonavir c) Trisindoline 1 
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Conclusion 
 

In summary, the selected marine compound 
from sponge can be potential of inhibitor Mpro SARS-
CoV-2 to develop with another vaccine. The selected 
marine compound Trisindoline 1 from Hyrtios altum 

sponge have already been successfully docked against 
viral disease with potential energy affinity -8.7. Based 
on this study, Trisindoline 1 compound has potential 

novel drug as inhibitor of Mpro SARS-CoV-2. This 
result can continue to study the effectivity of selected 
marine compound with in vivo and in vitro research. 
The in-silico technique can be used to study of the 
potential of novel compound as anticancer, antitumor 
and antiinflammation.  This study is very important to 
be explore and develop the novel drug as antiviral from 
nature source in the future. In addition, a 
multidisciplinary approach (organic chemistry, 
biochemistry, molecular biology, and molecular 
genetics) is needed to develop potential of natural 
product as antiviral drug discovery. 
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