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Abstract: In this in silico study, it was investigated whether phycobilins 

(phycocyanobilin, phycoerythrobilin, and phycourobilin) could be inhibitors of 

the activity of the main proteins of the SARS-CoV-2 virus. All chromophores 

exhibited a binding energy value of ≥ −37 kJ mol−1 for PLpro-WT, PLpro-

C111S, helicase-ANP binding site, Nsp3-macrodomain, Nsp3-MES site, and 

Nsp10/14-N7-Mtase. Phycocyanobilin showed the highest binding energy of 

−44.77 kJ mol−1 against the target protein PLpro-C111S. It was found that, apart 

from the hydrogen bonds and hydrophobic interactions, phycobilins also form 

electrostatic interactions with the SARS-CoV-2 proteins. The network of non-

covalent interactions was found to be important for the stability of the examined 

virus proteins. All phycobilins have good pharmacokinetic and drug-likeness 

properties. This study's results suggest that the screened phycobilins could serve 

as promising drugs for the treatment of COVID-19 with further rigorous 

validation studies. 

Keywords: phycobilins; COVID-19; inhibitors; proteins; in silico studies. 

INTRODUCTION 

The SARS-CoV-2 infection has spread around the world at an extremely high 

speed, causing a severe medical and humanitarian crisis in almost every region of 

the world. This virus has been officially linked to severe acute respiratory 

syndrome coronaviruses (SARS-CoVs) and named severe acute respiratory 

syndrome coronavirus 2 (SARS-CoV-2) by the International Committee on 

Taxonomy of Viruses.1 COVID-19 (Coronavirus Disease 2019) is an infectious 

respiratory disease caused by SARS-CoV-2, a recently discovered coronavirus 

strain. Despite advances in vaccine and drug research, there is still a lack of 

prophylactic vaccinations and effective antiviral drugs for many viral diseases, 
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including coronavirus infections.2,3 Finding effective therapeutic strategies for 

treating COVID‑19 patients has thus become a crucial and urgent task. Different 

methods can be used for antiviral research to act against SARS-CoV-2. For 

example, target structural proteins in view to inhibit virus entry in human host 

cells, looking for functional internal viral protein inhibitors to block its replication 

or target human receptor for virus entry prevention.4-6 Computation docking is an 

effective strategy and widely used technique for understanding the molecular 

aspects of proteins and protein−ligand interactions in the drug discovery.5,7

Interactions between SARS-CoV-2 proteins have been extensively studied from a 

biothermodynamic perspective. For example, binding affinities of the spike 

glycoprotein of various variants of SARS-CoV-2 to the ACE2 receptor have been 

discussed.8-10 

Natural products with antimicrobial and antiviral properties are of great 

interest to scientists to study their effectiveness in combating COVID-19.11

Medicines based on natural phytochemicals are gaining traction in modern 

healthcare due to their lower toxicity, effective health benefits, and potential use 

in connection with existing therapies becoming increasingly important. Marine 

products are known to serve as a seemingly limitless bioresource to combat 

pathogenic microbes and cancers.12 Several literature studies have reported the 

antiviral properties of phytochemicals against CoVs and other viruses.13,14 Kumar 

et al.15 used molecular docking and molecular dynamics simulations to screen 

effective compounds from purple nutsedge (Cyperus rotundus) against the main 

protease (Mpro) of SARS-CoV-2. Silva et al.16 investigated the pharmacokinetic 

and toxicological properties of molecules in a natural product database of the 

Brazilian semiarid region and performed location prediction and druggability 

analysis on SARS-CoV-2 Mpro. Gupta et al.17 screened more than 53,500 

bioactive natural molecules from six different natural product databases to identify 

effective molecules against Mpro. Li et al.18 used ensemble and cooperative 

docking and molecular simulations to investigate possible interactions of more 

than 600 compounds from a herbal drug with eight SARS-CoV-2 proteins, 

including spike protein, nucleocapsid protein, Mpro and papain-like protease, 

RNA-dependent RNA polymerase (RdRp), nonstructural protein 3 (Nsp3), and 

cat/human angiotensin-converting enzyme 2. Pendyala and Patras19 showed that 

phycocyanobilins showed high binding affinity for the SARS-CoV-2 Mpro and 

RdRp in silico molecular docking studies. Despite the challenges, it is clear that 

marine organisms represent a promising avenue for future pharmacological 

interventions.20 

The results of our study prompted us to take further steps, primarily examining 

all proteins and binding profiles with phycobilins available in the COVID-19 

docking server. Phycobilins are open-chain light-trapping tetrapyrrole pigments 

found in cyanobacteria (blue phycocyanobilin) and red algae (red 
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phycoerythrobilin and orange phycourobilin). They are covalently bound to 

phycobiliproteins via a thioether bond and are carriers of the powerful biological 

activities of these fluorescent water-soluble proteins with new pharmaceutical 

potential.21 

The present study aimed to identify the most relevant antiviral SARS-CoV-2 

phycobilin molecules through docking and in silico toxicity assessment. We report 

natural phycobilins as potent broad-spectrum natural inhibitory compounds against 

major SARS-CoV-2-associated proteins via an in silico approach. 

EXPERIMENTAL 

Molecular docking and visualization 

To investigate the affinity of phycobilins toward SARS-CoV-2 virus’s receptors, 

molecular docking calculations were carried out using COVID-19 Docking Server 2.0 

(nCoVDock2).22 A new docking server, nCoVDock2 was constructed to predict the binding 

modes between the wild type and mutants of SARS-CoV-2 therapeutic targets and their 

potential ligands. AutoDock Vina23 is used as the docking engine for small molecule docking. 

AutoDock Vina is upgraded to the latest version 1.2.0.24, on the new server. Open Babel was 

used for format transformation or 3D coordinate generation for the uploaded files.25 The 

docking box is defined as the center of native ligand coordinates with dimensions of 30 Å x 30 

Å x 30 Å to include residues of the entire cavity. Homology-modeled structures are defined 

according to the information of active sites or binding sites of its homologs of SARS-CoV. The 

MGLTools was used to add hydrogens and prepare pdbqt files for proteins and ligands. All the 

parameters were set as default, and we chose the exhaustiveness value option as 12. The higher 

level of exhaustiveness parameter is considered to provide more precise docking results and 

longer computational time. We used all proteins provided by this server (Table 1). The input 

3D sdf ligand files of selected phycobilins (phycocyanobilin, phycoerythrobilin, and 

phycourobilin) were retrieved from PubChem26 database (https://pubchem.ncbi.nlm.nih.gov/) 

and uploaded to COVID-19 Docking Server 2.0. The docked receptor and ligand interactions 

were visualized using Biovia Discovery Studio Visualizer.27 

Non-covalent interaction analysis 

The docked receptor and ligand interactions were analyzed and visualized using Biovia 

Discovery Studio Visualizer27 with default-specific criteria and geometrical feature settings 

(these criteria and settings are provided in the Supplementary material for this article). 

Physiochemical, pharmacokinetic, drug-likeness and medicinal chemistry properties 

Physiochemical, pharmacokinetic, drug-likeness and medicinal chemistry properties were 

predicted for the phycobilins using the SwissADME server.28 The SMILES format of the 

phycobilins was retrieved from the PubChem database and used as input for the SwissADME 

server. 

RESULTS AND DISCUSSION 

The first part of this work focuses on evaluating anti-SARS-CoV-2 activity by 

docking phycobilin compounds. The second part of the article deals with an in 

silico study on the toxicity of the selected molecules. 
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Molecular docking studies 

Molecular docking simulations were performed to determine the binding 

affinities between the phycobilins and the target SARS-CoV-2 protein sites and to 

identify the molecular interactions that play a key role in binding. COVID-19 

Docking Server, an online meta server, was built to elaborate on the SARS-CoV-

2 target−ligand interactions. Structures of proteins involved in the virus life cycle 

were established based on the homologs of coronavirus. The binding mode and 

affinity between estimated molecules and target protein can be deduced through 

this server. Based on the above, all the phycobilins were submitted to the COVID-

19 Docking Server to unveil their interfering capacity in the life cycle of the SARS-

CoV-2 virus. Docking results of all compounds in difference proteins expressing 

as Score Value (kJ mol−1) and RF Score Value are presented in Table 1. They are 

associated with the top-ranked poses (best models of studied complexes). Score 

Value below or equal to −33 kJ mol−1 demonstrates a significant strength of 

interactions between small molecules and proteins; the lower the score value, the 

stronger the interaction. The distribution frequency of binding energy score among 

the phycobilins and SARS-CoV-2 proteins varies between −21 and −45 kJ mol−1. 

In all the simulated ligand-protein docking model, among all targets, PLpro-

WT, PLpro-C111S, Helicase-ANP binding site, Nsp3-macrodomain, Nsp3-MES 

site and Nsp10/14-N7-Mtase displayed higher score than all other proteins. Papain-

like protease (PLpro) is an interesting antiviral target because it is essential for 

replicating coronaviruses.29 In addition, as a consequence of the alterations present 

in the genome of SARS-CoV-2, the PLpro is now well-equipped to cleave the 

ubiquitin-like interferon-stimulated gene 15 protein,29 thereby evading the host’s 

innate immune responses. The docking scores of the other proteins, except for 

Nsp10-nsp10-14 and Nsp10-nsp10-16, were lower than −30 kJ mol−1 and also 

exhibited notable affinities, implying these proteins may be potent targets for 

inhibition of SARS-CoV-2. Among the phycobilins, the results revealed that the 

affinities of phycocyanobilin for PLpro-C111S, Helicase-ANP binding site, RdRp-

RTP site and Nsp3-macrodomain, Nsp10/14-N7-Mtase was highest, indicating 

that phycocyanobilin was the main antiviral active component. The results show 

phycocyanobilin docked with the best score with a binding energy of −44.77 kJ 

mol−1. It is interesting to note that phycoerythrobilin showed higher affinity for 

non-structural proteins: Nsp10/16-MGP site,  Nsp10/16-SAM site, Nsp10/16-

GTA site, Nsp10/14-N7-Mtase and Nsp10/14-chapso site than other phycobilins

and the origin ligands. The difference arises from the higher number of non-

covalent interactions in phycoerythrobilin−non-structural protein interfaces; the 

interplay between interactions may exist. This should also be taken into account 

when determining binding affinity. Therefore, these phycobilins could be potent 

inhibitors of SARS-CoV-2 targets. Non-structural proteins (Nsp10-nsp10-14 and 

Nsp10-nsp10-16) have shown the weakest binding energy among the proteins 
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PHYCOBILINS AS IN SILICO VIRAL PROTEIN INHIBITORS 5 

studied, possibly due to the dominance of hydrophobic residues involved in the 

binding pocket with phycobilins. The results of molecular docking scoring were 

consistent with those of Mpro and PLpro target proteins previously reported.19 

TABLE I. Covid-19 Docking server results of phycobilins 

Phycoerythrobilin Phycourobilin Phycocyanobilin 

SV 

(kJ mol−1) 

RF SV 

(pKd) 

SV 

(kJ mol−1) 

RF SV 

(pKd) 

SV 

(kJ mol−1) 

RF SV 

(pKd) 
 

Protein 

Nsp3-macrodomain (5RSF) -37.24 7.37 -36.82 7.05 -39.33 7.51 

 Nsp3-ADP ribose phosphatase 

(6W6Y) 
-33.05 7.00 -32.22 6.65 -34.73 7.30  

Nsp3-MES site (6W6Y) -34.73 6.79 -39.33 7.34 -39.33 7.62  

PLpro-WT (7RZC) -39.75 7.97 -43.93 7.86 -43.10 7.90 

 PLpro-C111S (7SQE) -42.26 7.82 -39.33 7.84 -44.77 8.09  

Mpro-WT (7SI9) -33.89 7.12 -34.31 7.15 -35.15 7.14 

 Nsp9-FR6 bound (7KRI) -29.71 6.30 -28.87 6.09 -29.71 6.26 

 Nsp9-oridonin bound (7N3K) -37.24 7.81 -37.66 7.64 -38.49 7.52  

Nsp10-nsp10-14 (7ORR) -27.61 6.08 -23.85 5.76 -25.94 5.77 

 Nsp10-nsp10-16 (7ORU) -24.69 6.09 -20.82 5.76 -26.78 6.05  

 RdRp-RTP site (7BV2) -40.58 7.88 -40.17 7.93 -41.00 7.90 

 RdRp-RNA site (7D4F) -31.79 6.76 -29.71 6.74 -28.45 6.40  

 Helicase-ANP binding site  

(7NN0) 
-37.66 7.33 -38.07 7.77 -41.00 7.43  

Helicase-Fragment binding site 

(5RML) 
-36.82 7.29 -35.15 7.08 -28.45 7.37  

Nsp10/14-chapso site (7N0D) -38.91 7.26 -35.56 7.15 -36.82 7.30  

Nsp10/14-ExoN (7N0D) -30.54 6.81 -32.22 6.87 -30.54 7.62 

 Nsp10/14-N7-Mtase (7N0D) -43.51 7.79 -40.58 8.02 -41.00 7.64  

Nsp15-WT (7K1L) -30.96 6.53 -30.54 6.33 -32.22 6.44 

 Nsp10/16-MGP site (6WVN) -39.33 7.45 -36.41 6.96 -36.82 7.43  

 Nsp10/16-SAM site (6W4H) -39.33 7.49 -36.82 7.10 -36.82 7.46 

 Nsp10/16-GTA site (6WVN) -38.91 7.34 -36.82 7.09 -35.98 7.44  

 Nprotein-NCB site (MODEL) -34.73 7.24 -35.15 7.26 -33.05 7.54  

SV – Score value; RF SV – RF Score value 

Binding profile of SARS-CoV-2 associated proteins with the phycobilins 

To better understanding binding affinity, we also listed the binding profile of 

the SARS-CoV-2 associated proteins with the relevant phycobilins mentioned 

above, molecular interaction types, and their properties in Table 2. A
cc
ep
te
d 
m
an
us
cr
ip
t



JOVANOVIĆ et al. 

TABLE II. Interaction profiles between SARS-CoV-2 associated proteins and the tested 

phycobilins 

Phycoerythrobilin Phycourobilin Phycocyanobilin 

 Interactions 

NHB
a NES

b NHP
c NO

d NHB
a NES

b NHP
c NO

d NHB
a NES

b NHP
c NO

d  

Protein 

Nsp3-macrodomain (5RSF) 3 - 7 - 4 - 4 - 2 - 8 - 

Nsp3-ADP ribose phosphatase 

(6W6Y) 
4 - 8 - 2 - 3 - 8 - 7 -  

Nsp3-MES site (6W6Y) 4 - 6 - 4 - 6 - 5 - 8 -  

PLpro-WT (7RZC) 7 1 5 - 2 1 7 - 3 3 4 - 

PLpro-C111S (7SQE) 7 1 3 - 5 2 2 - 5 5 3 -  

Mpro-WT (7SI9) 5 - - 2 2 - 2 1 6 4 2 - 

Nsp9-FR6 bound (7KRI) 6 - 4 - 3 - 6 - 5 - 3 - 

Nsp9-oridonin bound (7N3K) 5 1 5 - 4 1 2 - 2 1 4 -  

Nsp10-nsp10-14 (7ORR) 4 - 3 - 2 - 4 - 3 - 3 - 

Nsp10-nsp10-16 (7ORU) 4 - 3 - 4 1 - - 6 1 - -  

RdRp-RTP site (7BV2) 4 - 3 - 7 - 4 - 6 4 3 - 

RdRp-RNA site (7D4F) 7 - 4 - 2 - 3 - 5 - 3 -  

Helicase-ANP binding site 

(7NN0) 
8 - 5 - 8 - 3 - 6 2 1 -  

Helicase-Fragment binding site 

(5RML) 
6 1 6 - 5 1 5 - 9 1 5 -  

Nsp10/14-chapso site (7N0D) 2 - 8 - 1 - 4 - 2 - 4 -  

Nsp10/14-ExoN (7N0D) 5 - 2 1 6 1 - 1 3 5 3 2 

Nsp10/14-N7-Mtase (7N0D) 7 - 3 - 9 - 3 - 6 1 5 -  

Nsp15-WT (7K1L) 7 1 5 - 2 1 4 - 7 2 4 - 

Nsp10/16-MGP site (6WVN) 6 - 4 - 10 - 2 - 6 2 3 -  

Nsp10/16-SAM site (6W4H) 5 - 4 - 9 - 2 - 8 - 3 - 

Nsp10/16-GTA site (6WVN) 7 - 3 - 11 - 2 - 6 - 3 -  

Nprotein-NCB site (MODEL) 2 - 5 - 4 1 6 - 3 3 7 -  
a Number of hydrogen bonds; b Number of electrostatic interactions; 
c Number of hydrophobic interactions; d Number of other interactions 

The interaction prediction using Discovery Studio Visualizer software 

revealed that phycobilins could have various interactions. While analyzing the 

interaction profile, it was found that, apart from the hydrogen bonds and 

hydrophobic interactions, which were considered the most common type of 

protein−ligand interactions,30 phycobilins also form electrostatic interactions with 

the SARS-CoV-2 proteins. Ion pairs play an important role in the stabilization of 

protein structures. Electrostatic interactions are not frequent among protein−ligand 

interfaces (Table 2). Many of interfaces did not form electrostatic interactions, 

while the largest number of electrostatic interactions in an interface was five 

(Phycocyanobilin−PLpro-C111S). From Fig. 1, the types of molecular interactions 

and the interacting residues of the PLpro-C111S chains can be clearly seen. As 

shown, phycocyanobilin interacts with the papain-like protease (PLpro-C111S) 
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through B:Arg166:NH2, B:Glu167:OE1, C:Asp164:OD1, C:Glu167:OE1 and 

C:Tyr264 via electrostatic interactions. Additionally, phycocyanobilin makes five 

hydrogen bonds (B:Ser170:HG, C:Glu167:OE1 and C:Thr301:HG1) and three 

hydrophobic interactions (B:Tyr171, B:Met206 and C:Tyr171). The specific 

arrangement or connectivity of protein clusters could significantly influence their 

structural stability.31 A donor group (HG) from B:Ser170 (PLpro-C111S) interact 

with two acceptor groups of phycocyanobilin simultaneously. In addition, 

C:Glu167 makes two hydrogen bonds as an acceptor with phycocyanobilin. This 

result indicates that these residues are crucial in binding phycocyanobilin and the 

PLpro enzyme. Hydrogen bonds with multiple donors (acceptor furcation) and 

multiple acceptors (donor furcation) are common in protein structures. These 

arrangement might add more stability and play an important role in understanding 

the 3D structure of protein−ligand complexes.31 Here, although RdRp-RNA site 

has such a large number of hydrogen bond interactions (non-multiple), the low 

binding affinity of the RdRp-RNA site can be attributed to the relatively lower 

electrostatic and hydrophobic interactions of the RdRp-RNA site compared to 

other proteins. 

The analysis shows that around 45 % of the dataset's total interactions are  

involved in forming multiple non-covalent interactions. An illustrative example is 

shown in Fig. 1 that B:Ser170, C:Aasp164 and C:Glu167 form multiple 

interactions. Another additional feature is the observed additive property of these 

interactions, showing an effect on the strength of the host–guest system.31 

As for the non-structural proteins (Nsp10-nsp10-14 and Nsp10-nsp10-16), 

docking results show the lowest scores between −21 and −27 kJ mol−1, possibly 

due to the dominance of hydrophobic residues involved in the binding pocket with 

phycobilins (Fig. 2a). While analyzing the interaction profile of 

phycourobilin−Nsp10-nsp10-14 complex (Fig. 2b), it was found that five amino 

acids such as A:Phe16, A:Ala20, A:Lys25, A:Ala26 and A:Tyr30 were involved 

in the formation of two hydrogen bonds and four hydrophobic interactions. 
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Fig. 1. Details of the strongest binding affinity; −44.77 kJ mol−1 (Phycocyanobilin−PLpro-

C111S (7SQE)): a) 3D view and b) 2D view of interaction profile. 
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Fig. 2. Details of the weakest binding affinity; −23.85 kJ mol−1 (Phycourobilin−Nsp10-nsp10-

14 (7ORR)): a) 3D hydrophobicity view of binding pocket and b) 2D view of interaction 

profile. 

Physiochemical, pharmacokinetic, and drug-likeness properties of phycobilins 

The ADME (absorption, distribution, metabolism, and excretion) properties 

of the compounds allow drug developers to understand the reliability and efficacy 

of a drug candidate compound, accelerating the timeline for the new drug 

submission process to the FDA (The Food and Drug Administration). Therefore, 

after docking assays and binding interaction analysis, an in silico toxicity study 

was conducted on the phycobilins with the SwissADME tool (Table 3). 

All the screened phycobilins were found to have little violation in the Lipinski 

rule of 5 (1 violation: MW>500), and it was believed to be effective despite of a 

few violations. Out of the three compounds, phycourobilin is water soluble, while 

the others are moderately soluble. While checking the pharmacokinetic profile, it 

was noted that all compounds were ineffective in crossing the blood brain barrier, 

so no toxic chemicals crossed it. All the candidates were predicted to be absorbed 

by the gastrointestinal tract but at a low level. While analyzing medicinal 

chemistry, it was noted that all phycobilins do not present any resemblance to 

PAINS and Brenk alerts. It was compelling to note that all the compounds screened 

were safe as they were non-carcinogenic and non-toxic by nature. Other properties, 

such as pharmacokinetic, physicochemical, and drug-likeness properties, are 

mentioned in Table 3. Combined with their docking results, these candidates seem 

strongly relevant to the search for natural agents to fight against SARS-CoV-2, 

similar to other marine-derived antiviral compounds.32 
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TABLE III. Drug-likeness analysis of the phycobilins obtained with SwissADME 

Phycoerythrobilin Phycourobilin Phycocyanobilin 

Physicochemical Properties  

MW (g mol−1) 586.68 590.71 586.68  

H-bond acceptors 7 7 7  

H-bond donors 5 5 5  

TPSA (Å2) 164.71 160.95 164.71  

Lipophilicity 

iLOGP 3.81 3.98 3.52  

Water Solubility 

Log S (ESOL) -4.38 -3.71 -4.55  

Solubility (mg mL−1) 2.45e-02 1.16e-01 1.67e-02 

Solubility (mol L−1) 4.18e-05 1.96e-04 2.85e-05  

Class Moderately soluble Soluble Moderately soluble 

Pharmacokinetics 

GI absorption Low Low Low  

BBB permeability No No No  

Druglikeness 

Lipinski #violations 1: MW>500 1: MW>500 1: MW>500  

Veber #violations 
2: Rotors>10, 

TPSA>140 

2: Rotors>10, 

TPSA>140 
1: TPSA>140  

Bioavailability Score 0.11 0.11 0.11  

Medicinal Chemistry 

PAINS #alerts 0 alert 0 alert 0 alert  

Brenk #alerts 0 alert 0 alert 0 alert  

Leadlikeness 
No; 2 violations: 

MW>350, Rotors>7 

No; 2 violations: 

MW>350, Rotors>7 

No; 2 violations: 

MW>350, Rotors>7 
 

Synthetic accessibility 6.09 6.25 6.11  

CONCLUSION 

The present study considered molecular docking on selectied phycobilins 

submitted to SARS-CoV-2 docking server. The primary purpose of the present 

paper was to test their ability to inhibit SARS-CoV-2 associated main proteins via

an in silico approach. In the second part, an in silico toxicity analysis was 

conducted to assess the safety of selected compounds. This study finding revealed 

that phycobilins had shown high binding energy against PLpro-WT, PLpro-

C111S, helicase-ANP binding site, Nsp3-macrodomain, Nsp3-MES site and 

Nsp10/14-N7-Mtase in the range from −37 to −45 kJ mol−1. The interaction profile 

revealed that phycobilins could have various interactions (eletrostatic, 

hydrophobic, and hydrogen bonds). The strong binding affinity can be attributed 

to phycobilins' relatively higher electrostatic and hydrophobic interactions with 

some SARS-CoV-2 proteins. From the results, it can be underlined that around 45 
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PHYCOBILINS AS IN SILICO VIRAL PROTEIN INHIBITORS 11 

% of the total interacting residues in the dataset are involved in forming of multiple 

interactions, which might add more stability to the phycobilin−SARS-CoV-2 

complex. All phycobilins have good pharmacokinetic and drug-likeness 

properties. Therefore, all the compounds screened were safe as they were naturally 

non-carcinogenic and non-toxic. Based on the results obtained, phycobilins can be 

considered inhibitors against the important viral proteins of SARS-CoV-2. They 

could serve as potential drugs to treat COVID-19 with further validation studies. 

Acknowledgements: This research has been financially supported by the Ministry of 

Science, Technological Development and Innovation of Republic of Serbia (Contract No: 451-

03-66/2024-03/200026 and 451-03-66/2024-03/200168). 

И З В О Д 

IN SILICO СТУДИЈЕ ФИКОБИЛИНА КАО МОГУЋИХ КАНДИДАТА ЗА ИНХИБИТОРЕ 
ВИРУСНИХ ПРОТЕИНА ПОВЕЗАНИХ СА COVID-19 

ВЕСНА Б. ЈОВАНОВИЋ1, МИЛАН Р. НИКОЛИЋ1 И СРЂАН Ђ. СТОЈАНОВИЋ2* 

1Универзитет у Београду, Хемијски факултет, Катедра за биохемију и Центар изузетних вредности 

за молекуларне науке о храни, Београд, Србија, и 2Универзитет у Београду, Институт за хемију, 

технологију и металургију, Центар за хемију, Институт од националног значаја за Републику 

Србију, Београд, Србија. 

У овој in silico студији испитано је да ли би фикобилини (фикоцијанобилин, 
фикоеритробилин и фикоуробилин) могли бити инхибитори активности главних протеина 
SARS-CoV-2 вируса. Свe хромофоре су показале вредност енергије везивања ≥ −37 kJ mol−1 

према PLpro-WT, PLpro-C111S, хеликаза-ANP везујућем месту, Nsp3-макродомену, Nsp3-
MES месту и Nsp10/14-N7-Mt-ази. Фикоцијанобилин је показао највећу енергију везивања, 
од −44.77 kJ mol−1, за циљни протеин PLpro-C111S. Утврђено је да, осим водоничних веза и 
хидрофобних интеракција, фикобилини формирају и електростатичке интеракције са 
SARS-CoV-2 протеинима. Пронађена је мрежа нековалентних интеракција важна за 
стабилност испитаних вирусних протеина. Сви фикобилини су показали обећавајућа 
фармакокинетичка својства и карактеристике сличне лековима. Резултати овe студије 
сугеришу да би, уз додатна ригорозна валидациона испитивања, анализирани фикобилини 
могли да послуже као обећавајући лекови за COVID-19. 

(Примљено 26. марта; ревидирано 17. априла; прихваћено 8. маја 2024.) 
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