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	 In the present study, in silico analysis was employed to identify the action of marine 
bioactive compounds against KSHV targets. Virulence factor analysis of KSHV from literature 
review,identified three proteins LANA1, vIRF3/LANA2 and PF-8 as a putative targets. By 
virtual screening four potential bioactive compounds Ascorbic acid, Salicylihalamide A, 
Salicylihalamide B and Frigocyclinone were predicted to possess desirable drug-like properties. 
Hence, determined as the good lead molecule against Molecular dynamics simulation reveals 
that LANA-1frigocyclinone complex shows better stability and conformation. Therefore 
frigocyclinone can act s a potential compound and further experiments are required to optimize 
the activity of the compound. 
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	 KSHV also called as human herpesvirus 
8 causes frequent vascular tumor most commonly 
seen in AIDS and immunosuppressed patients 
1. Etiological agent of endothelium derived 
malignancy KS, primary effusion lymphoma, 
multicentric Castleman’s disease and germinotropic 
lympho-proliferative disorder are associated with 
KSHV. During KS pathogenesis, KSHV is induced 
by COX-2 which regulates multiple events such 
as pro-inflammatory cytokines, growth factors, 
angiogenic factors, anti-inflammatory cytokines, 
matrix metalloproteinases and tissue inhibitors of 
metalloproteinases 2, 3. KSHV reveals a biphasic 
cycle of lifelong rescindable latent phase and 

transient lytic reactivation phase, which has 
effectively distinctive gene expression outlines 
4. However, inappropriate induction of lytic 
gene expression by reactivation stage indicates 
increased inflammatory cytokine levels (IL-1ß, 
TNFá, IL-6, IL-15 and IL-17) in blood and tissues 
with KS 5. Moreover pro-inflammatory cytokines 
(IL-1á, IL-1ß and IL-6) induce phenotypic and 
functional features in KSHV infection during KS 
histogenesis. Expression of anti-inflammatory 
cytokine responses (IL-4, IL-13 and IL-15) 
controls inflammation within epidermal units 
which is mainly initiated during latent phase by 
alpha-melanocortin stimulating hormone but fails 
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to maintain lytic replication 6. KSHV genome 
with restricted region is transcriptionally active 
throughout latency, and encrypts four main ORFs 
containing Latency-associated  nuclear  antigen 
or LANA1, viral-cyclin, viral  FLICE-inhibitory  
protein,  and Kaposins  along  with  18  mature  
miRNAs and  viral  interferon  regulatory 
factor-3 7. The viral protein of LANA1 plays a 
vital role in modulating viral and cellular gene 
expression. LANA1 is enhancing the activity 
of the HIV-1 promoter via linked with Tat, and 
recognized virus encrypted as transactivator8. 
ORF59 protein as PF-8 and that is presenting an 
early stage of lytic phase 9. PF-8 encrypts DNA 
polymerase and also homologous to express other 
herpesvirus such as HSV-1 UL42, Epstein-Barr 
virus, BMRF1, herpesvirus saimiriORF59 protein, 
human cytomegalovirus ICP36, HHV-6 p41, 
varicella-zoster virus gene 16 protein, and HHV-
7 U27. vIRF-3 is also known as LANA2 which 
influences B cells only 10 (latent phase).
	 The bioactive compounds are derived 
from marine organisms. More than 30,000 
bioactive compounds distinguished from various 
marine micro-organisms are shown to possess 
anti-bacterial, anti-inflammatory and also anti-
tumor properties 11. The marine organisms 
like bacteria, sponge and micro-algae had a 
significant role in the pharmaceutical industry. 
One of the important marine red sponges of 
Haliclona sp. produce alkaloids, macrolides, 
peptides, polyketides, polyacetylenes, steroids and 
halogenated derivatives as bioactive compounds. 
The haliconasp. produces salicylihalamide A and 
salicylihalamide B which comes under same family 
and species, whereas structurally and functionally 
different. These compounds have anti-tumor 
properties. Ascophyllumnodosum is a large brown 
algae, which belongs to the Phaeophyceae family 
and it is the only species in the genus Ascophyllum 
which produce bioactive compounds with anti-
oxidant and immunostimulatory properties. 
Ascorbic acid is present in all red, brown, 
and green seaweeds that reduces the risk of 
cancer, cardiovascular and Alzheimer’s disease. 
Frigocyclinone isolated from Streptomyces 
griseusstrain NTK 97 possess a significant role in 
antibacterial and antitumor activities.
	 Our study focuses on identifying bioactive 
compounds from different marine organisms 

against kaposi’s sarcoma associated herpesvirus 
proteins. 

Materials and methods 

Target preparation
	 The X-ray crystal structures of the two 
proteins – LANA1 (PDB ID: 5A76) 12, PF-8 (PDB 
ID: 3HSL) 13 were retrieved from RCSB Protein 
Data Bank. The 3D structure of vIRF3 protein is 
not available in the Protein Data Bank. Therefore, 
the three-dimensional structure was build using 
homology modelling.
Homology modelling of vIRF3
	 The vIRF3 (UniProtKB: F5HIC6) 
protein sequence was retrieved from Universal 
Protein Resource (http://www.uniprot.org/). Using 
BLASTP, the suitable template sequence was 
retrieved to identify the homologous structure. 
Hence, the 3D structure of vIRF3 protein was build 
using Modeller14 version 9.18, Swiss Modeller15 
and ModWeb16. The best protein model was chosen 
on the basis of the percentage identity and E value.
Ligand preparation
	 A set of seventy bioactive compounds 
from marine organisms were collected from 
scientific literature. The two dimensional structure 
of all the compounds were retrieved from Pubchem 
database. The structure of ligands was converted 
from SDF to SMILE using Openbabel software 
17. The purpose of virtual screening to find out the 
potential lead compounds with active function 
and high inhibitory activity against KSHV. The 
molecular properties (logP, polar surface area, 
number of hydrogen bond donors and acceptors 
and others), bioactivity score (GPCR ligands, 
kinase inhibitors, ion channel modulators, nuclear 
receptors) and drug likeness score were calculated 
by Molinspiration18 and Molsoft19. The bioactive 
compounds which obeys lipinski’s rule were taken 
for further studies 20. To optimize the 3D structure 
of bioactive compounds CORINA software were 
used 21. 
Model validation and energy minimization
	 The conformat ional  s tabi l i ty  of 
modelled protein backbones were estimated via 
Ramachandran plot using RAMPAGE server 
which determines the dihedral angles ø against ö 
of amino acid residues 22. Additionally, to validate 
our model we checked the packing conformational 
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quality of the model using ProSA23, ERRAT 24 and 
QMEAN 25. The crystal structures and the model 
were energy minimized to obtain lowest delta G 
value using Swiss-PDB Viewer 26.
Active site prediction 
	 The prominent binding site residues of 
energy minimized proteins were predicted with 
help of CASTp server 27 that determines mainly the 
surface structural accessible pockets, area, volume, 
binding site residues and internal inaccessible 
cavities of proteins.
Protein - ligand interaction using Autodock 
software
	 An in silico approach was employed to 
recognize the interaction between two molecules 
with scoring functions determined using AutoDock 
4.2 software tools. Water molecules were removed 
from the target protein followed by the addition of 
polar hydrogens and kollman charges. The binding 
site residues were added through molecular string 
and the grid box was fixed based on the dimension. 
The docking parameters of Lamarckian and genetic 
algorithm were used to interact the protein and the 
ligand. Each docked molecules were obtained with 
different conformations. Also interacting residues, 
binding site analysis, H-bond distance and their 
amino acid position were analyzed through pymol 
viewer 28.

Molecular dynamic simulation for protein-
ligand complex
	 Fluctuations and conformational changes 
were recognized via molecular dynamic (MD) 
simulation process for 20ns. Evaluation of RMSD, 
RMSF and gyration of both protein and protein-
ligand complex were determined using Gromacs 
version 4.5.5. The topology file was generated 
via Gromos96 forcefield, whereas protein-ligand 
complex file, gromacs coordinate file and gromacs 
topology were prepared using PRODRG server. 
The solvation and ions were added and generated in 
the topology file. The solvated protein was energy 
minimized through a steepest descent algorithm. 
After minimizing energy the equilibration step was 
carried out to restraint the MD simulation. Further 
potential energy, temperature, pressure and density 
calculation were assessed 29. 

Results

Crystal structure of KSHV viral proteins
	 KSHV produces major proteins LANA1 
(Latent), vIRF3 (Latent in B cells; Lytic in 
endotelial cells) and PF-8 (Lytic) involved in 
various stages of development (Figure 1). Crystal 

Fig. 1. Proteins encoded by KSHV during its different stages of growth and development
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Table 1. Marine source containing bioactive compounds with different species

S. 	 Compound	 Compounds family	 Marine source 	 Marine source family
No			   producing species

1	 Abyssomicin C30	 Polyketide	 Verrucosisporasp.	 Micromonosporaceae
2	 Aeroplysinin-131	 Alkaloid 	 Verongiaaerophoba	 Sponge
3	 Agar32 	 Sulfated polysaacharide	 Gracilariadominguensis	 Red algae
4	 Alpha tocopherol33	 Tocopherol (vitamin E)	 AscophyllumNodosum	 Phaeophyceae 
				    (Brown algae)
5	 Aplysiatoxin34	 Cyanotoxin	 LyngbyaMajusula	 Blue green algae
6	 Ascididemin35 	 Aromatic alkaloid	 Didemnumsp.	 Sponge
7	 Ascorbic acid36	 Vitamin C	 AscophyllumNodosum	 Phaeophyceae 
				    (Brown algae)
8	 Astaxanthin37	 Keto carotenoid	 Haematococcuspluvialis	 Chlorophyta 
				    (Green algae)
9	 Aureoverticillactam38	 Macrocyclic lactam	 Streptomyces 	 Bacterium
			   aureoverticillatus
10	 Beta carotene39	 carotenoids	 Dunaliellasalina	 Chlorophyta 
				    (Green algae)
11	 Beta glucans40	 Polysaacharide	 LaminariaDigitata	 Laminariceae 
				    (Brown algae)
12	 Caprolactones41	 Lactone	 Streptomyces sp.	 Streptomycetaceae
13	 Chandrananimycins42	 Antibiotics	 Actinomadurasp.	 Thermomonosporaceae
14	 Citrinadin A43	 Spirooxindole alkaloid	 actinotrichiafragilis	 Red algae
15	 Curacin A44	 Thiazole lipid	 Lyngbyamajuscula	 Cyanobacterium
16	 Desmosterol45	 Sterols	 Palmaria species.	 Red algae
			   Porphyrasp
17	 Dictyodendrins46 	 Pyrrolocarbazole 	 Dictyodendrill-	 Sponge
		  derivatives	 averongiformis
18	 Dictyol C47	 Diterpenes	 Dictyotadichotoma	 Brown algae
19	 Dictyol H48	 Diterpenes	 Dictyota dentate	 Brown algae
20	 Dicurcuphenol A49	 Sesquiterpene	 Didiscusaceratus	 Sponge
21	 Discodermolide50	  Lactone	 Discodermiadissoluta	 Sponge
22	 DMMC51*1	 Cyclic depsipeptide	 Lyngbyamajuscula	 Cyanobacterium
23	 Docosahexaenoic acid52	 PUFA*2	 Schizochytrium sp.	 Marine Microalgae
24	 Dolabellanes53	 Diterpenes	 Dilophus spiralis	 Dictyotaceae 
				    (Brown algae)
25	 Dominicin54	 Octapeptide	 Euryponlaughlini	 Caribbean sponge
26	 Halichondrin B55 	 Macro cyclic polyether	 Halichondriaokadai	 Sponge
27	 Eicosapentaenoic acid56	 PUFA*2	 Monodussubterraneus	 Marine Microalgae
28	 Spisulosine (ES-285)57	 Alkyl amino alcohol	 Mactromerispolynyma	 Mollusc
29	 Frigocyclinone58 	 Angucyclinone antibiotic	 Streptomyces griseus	 Bacterium
30	 Fucoidan59	 Sulfated polysaccharide	 Fucusvesiculosus	 Brown algae
31	 Fucosterol60	 Sterols	 Laminariaochroleuca	 Brown algae
			   Undariapinnatifida
32	 Fucoxanthin61	 carotenoid	 Fucusvesiculosus	 Brown macro-algae
33	 Glaciapyrroles62 	 pyrrolosesquiterpenes	 Streptomyces sp.	 Streptomycetaceae
34	 Griffithsin63	 Lectin (protein)	 Griffithsia	 Red algae
35	 Gutingimycin64	 polar trioxacarcin	 Streptomyces sp.	 Streptomycetaceae
36	 Helquinoline65  	 Tetrahydroquinoline 	 Janibacterlimosus	 Janibacter
		  antibiotic
37	 Himalomycin A66	 Antibiotics	 Streptomyces sp.	 Streptomycetaceae
38	 Himalomycin B66	 Antibiotics	 Streptomyces sp.	 Streptomycetaceae
39	 Hemiasterlin (HTI-286)67	 Linear peptide	 Cymbastellasp.	 Sponge 
40	 Keramadine68	 Brominated alkaloid	 Agelassp.	 Sponge
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structure of LANA1 and PF-8 were retrieved from 
PDB. The vIRF3 protein structure is not available 
in PDB. Hence, the homology model was build. 
The modeling of vIRF3 protein was done using a 
4P55_A as a template (Resolution: 2.50 Å).

41	 Komodoquinone A69	 Anthracycline	 Streptomyces sp.	 Streptomycetaceae
42	 Bengamide B (LAF-389)70	 -Lactam peptide 	 Jaspisdigonoxea	 Sponge
		  derivative
43	 Lajollamycin71 	 Antibiotics	 Streptomyces nodosus	 Actinomycetes
44	 Lambda carrageenan72	 Sulfated 	 Gigartinaskottsbergii	 Gigartinaceae 
		  polysaacharide		  (Red algae)
45	 Lamellarin D73 	 Pyrrole alkaloid	 Lamellariasp.	 Mollusk
46	 Laminarin74	 Polysaacharide	 laminaria hyperborean	 Brown seaweed
47	 Laulimalide75	 Macrolide	 Cacospongia-	 Sponge
			   mycofijiensis
48	 Laurebiphenyl76	 Sesquiterpene	 Laurenciatristicha	 Red algae
49	 Lutein77	 carotenoids	 Muriellopsissp.	 Chlorophycean 
				    (Green algae)	
50	 Marinomycins78	 Antibiotics	 Marinispora	 Actinomycete
51	 Mechercharmycins79 	 Cytotoxin	 Thermoactinomycessp.	 Thermoactino-
				    mycetaceae
52	 MKN-349A80	 Cyclic tetrapaptide	 Nocardiopsissp.	 Nocardiopsaceae 
53	 Neopetrosiamide A81	 Linear peptide	 Neopetrosiasp.	 Sponge
54	 Palythine82	 Mycosporine 	 Gelidiumcorneum	 Red algae
		  amino acid
55	 Peloruside A83 	 Macrocyclic 	 Mycale hentscheli	 Sponge
		  lactone
56	 Phlorofucofuroeckol A84	 Phlorotannins	 Ecklonia cava	 Brown algae 
57	 Phlorofucofuroeckol B85	 Phlorotannins	 Myagropsis-	 Sargassaceae 
			   myagroides	 (Brown seaweed)
58	 Phlorotannins86	 Polyphenol	 Sargassumfu-	 Brown algae
			   siforme
59	 Phycocyanobilins87	 Phycobiliproteins	 Cyanobacteria, 	 Blue green algae
			   Rhodophyta	
60	 Phycoerythrobilins88	 Phycobiliproteins	 Rhodophyta	 Red algae
61	 Plakortone Q89	 Polyketide	 Plakortissp.	 Sponge
62	 Salicylihalimide A90	 Polyketide	 Haliclonasp.	 Sponge
63	 Salicylihalimides B90	 Polyketide	 Haliclonasp.	 Sponge
64	 Salinosporamide A91 	 Bicyclic g-lactam-	 Salinosporasp.	 Actinomycete
		  h lactone
65	 Sarcodictyins92	 Diterpene	 Sarcodictyonroseum	 Coral
66	 Shinorine83	 Mycosporine 	 Ahnfeltiopsis	 Red algae
		  amino acid	 devoniensis
67	 Thiocoraline93 	 Depsipeptide	 Micromonospora 	 Actinomycete
			   marina
68	 Trioxacarcins94	 Antibiotics	 Streptomyces sp.	 Streptomycetaceae
69	 Variolin B95	 Heterocyclic 	 Kirkpatrickia	 Sponge
		  alkaloid 	 variolosa
70	 Zeaxanthin96	 Carotenoid	 Himanthalia	 Brown seaweed
			   Elongata

*1Desmethoxymajusculamide C, *2  Polyunsaturated fatty acid

Construction of vIRF3 protein structure and 
validation
	 The three dimensional structure of  
vIRF3 was constructed through various modeling 
methods such as Modeller 9.18 (Identity: 30%, E 
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Table 2(a). Molecular properties of bioactive compounds

Bioactive 	 miLogP    	 Topo- 	 Number 	Molecular 	 Number 	 Number 	 Number 	 Number  	volume 
compounds	 (partition 	 logical	 of 	 weight	 of 	 of 	 of 	 of 
	 coefficient)	 polar 	 atoms		  hydrogen 	 hydrogen 	 violations	 rotational 
		  surface 			   bond 	 bond 		  bonds
		  area 			   acceptors	 donors

Ascorbic acid	 -1.4	 107.22	 12	 176.12	 6	 4	 0	 2	 139.71
Frigocyclinone	 3.62	 104.14	 34	 463.53	 7	 2	 0	 2	 418.12
Salicylihalamide A	 4.32	 95.86	 32	 439.55	 6	 3	 0	 6	 425.87
Salicylihalamide B	 4.32	 95.86	 32	 439.55	 6	 3	 0	 6	 425.87

Table 2(b). Bioactivity score of  compounds

S.	 Bioactive 	 GPCR 	 Ion 	 Kinase 	 Nuclear 	 Protease 	 Enzyme 
No	 compounds	 ligand	 channel 	 inhibitor	 receptor 	 inhibitor	 inhibitor
			   modulator		  ligand

1	 Ascorbic acid	 -0.53	 -0.24	 -1.09	 -1.01	 -0.81	 0.20
2	 Frigocyclinone	 0.32	 0.05	 0.02	 0.15	 0.26	 0.49
3	 Salicylihalamide A	 0.41	 0.29	 0.01	 0.45	 0.25	 0.58
4	 Salicylihalamide B	 0.41	 0.29	 0.01	 0.45	 0.25	 0.58

Table 2(c). Drug likeness score of 
bioactive compounds

S.	 Bioactive 	 Druglikeness 
No	 compounds	 score

1	 Ascorbic acid	 0.84
2	 Frigocyclinone	 0.93
3	 Salicylihalamide A	 1.01
4	 Salicylihalamide B	 1.01

value: 0.002), Swiss model (Identity: 26%) and 
Modweb(Identity: 27%, E value: 0).The stereo 
chemical property of vIRF3 was evaluated  through 
Ramachandran plot using the RAMPAGE server. 
The plot derives angle distribution of ø and ö which 
is divided into three different regions. The plot 
reveals that homology model of vIRF3 contains 
95% of residues in favored region and 5% of 
residues in allowed region; swiss model of vIRF3 
contains 92% residues in favored region, 7% of 
residues in allowed region and 1% of residues in 
outer region; modweb model of vIRF3 contains 
98% of residues in favored region and 2% of 
residues in allowed region.
	 An overall three dimensional quality 
of vIRF3 was measured by ProSA, ERRAT and 
QMEAN Z-Score. The Z score from ProSA server 

for all the three models are -3.77, -4.45 and -4.22 
respectively. QMEAN Z-score of our model 
showed the range of values from -2.73 to -3.80. 
Though it deviates from the expected range of 
values from protein validation, still we considered 
the model since it showed better quality of structure 
with respect to Ramachandran plot.
Bioactive compound structural identification
	 The present study mainly focuses to 
predict bioactive compounds against Kaposi’s 
sarcoma associated herpesvirus disease (Table 
1). The chemical structure of compounds was 
obtained from PubChem database which were 
converted to three dimensional structure using a 
chemical toolbox, Openbabel. Virtual screening 
was implemented to retrieve the compounds that 
fit the Lipinski’s rule of five and possess drug-

like properties. Compounds obeying Lipinski’s 
rule are further screened based on bioactivity and 
drug likeness score (Table 2(a), 2(b) & 2(c)). Out 
of seventy bioactive compounds, four bioactive 
compounds namely Ascorbic acid, Salicylihalamide 
A, Salicylihalamide B and Frigocyclinoneshowed 
good results.
Molecular Docking
	 Docking studies will help in appropriate 



1295Ponnusamy et al., Biomed. & Pharmacol. J,  Vol. 12(3), 1289-1302 (2019)

Table 3. Interacting of target-ligand energy values

S. 	 Targets	 Ascorbic 	 Salicylihalamide A 	 Salicylihalamide B 	 Frigocyclinone
No		  acid	 (Kcal/mol)	 (Kcal/mol)	 (Kcal/mol)
		  (Kcal/mol)

1	 LANA1	 -4.30	 -5.88	 -5.59	 -8.59
2	 vIRF3	 -5.45	 -8.42	 -8.06	 -8.48
3	 PF-8	 -4.75	 -5.36	 -6.09	 -8.00

Fig. 2. Pymol visualization of protein-ligand interaction (a)LANA1-Frigocyclinone complex, (b) vIRF3-
Frigocyclinone complex and (c) PF-8 -Frigocyclinone complex Protein structures are represented in pink as surface; 
ligands are represented as ball and stick model; protein pocket are represented in cyan in all the above complexes.

consideration of the protein’s active site and 
its interaction with the ligand. The interaction 
between a small molecule and a protein may 
result in inhibition of the protein. Molecular 
docking program Autodock 4.2 was used in this 
study. The protein was energy minimized using 
Swiss PDB viewer. The result of the docking 
were analyzed based on the interactions and 
binding energies between KSHV proteins and the 
bioactive compounds. From the analysis, we found 
that frigocylinone has shown significant affinity 
towards LANA1 with binding energy of -8.59 
kcal/mol followed by vIRF3 of -8.48 kcal/mol 
and with PF-8 of -8.00 kcal/mol. Among the three 
complexes, the LANA1-Frigocyclinone complex 
was known to possess better binding affinity with 
least binding energy (Table 3).
	 The predicted results of LANA1-
Frigocyclinone complex revealed best binding 
affinity, lowest binding energy of -8.59 Kcal/mol 
and formed H-bond with the residue LYS1070 
(Table 4(a) & 4(b)). The results of docking studies 
indicates that the amino acid residues LYS1030, 
ALA1031, PRO1033, GLN1034, LYS1070, 

TRP1122, HIS1126, LEU1128 and ALA1129 play 
an important role in drug interaction. LYS1030, 
PRO1033, PHE1037, LYS1070, TRP1122, 
HIS1126 and LEU1128 were known to form 
hydrogen bonds with the compounds. The docking 
result shows that the amino acids LYS1070 and 
LEU1128 are involved in the interaction with more 
than one compound (Figure 2 & 3).  
	 Therefore, the frigocyclinone with 
best inhibitory constant effect of 607.94 nM 
against LANA1 makes an intermolecular energy 
-8.89Kcal/mol and electrostatic energy +0.04 kcal/
mol. However, the complex possessed torsional 
energy value of +1.10 kcal/mol with the zero 
unbound energy and cluster RMSD 0.00 Å as well 
as reference RMSD 48.635 Å. The analysis of 
LANA1-Frigocyclinone complex hydrogen bond 
donor (LYS1070 (NZ) and acceptor (UNK25 (C4) 
& UNK31 (O16)) distance of 2.8Å & 2.9Å. and 
H-bond angle of e” 77º.
Molecular dynamic simulation of LANA1- 
Frigocyclinone complex
	 To confirm docking analysis we did 
molecular dynamics simulation of LANA1-
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Table 4(b). Different interaction values for major target-ligand complex measured through DSV

S. 	 Target-ligand 	 Hydrogen 	 Electrostatic 	 Hydrophobic 	 Vander 	 Miscellaneous	 Unfavoured 
No	 complex	 bonds 	 interaction	 interaction	 waals 		  bump
		  interaction			   interaction

1	 LANA1 : Frigocyclinone	 3	 -	 6	 5	 -	 -
2	 vIRF 3 : Frigocyclinone	 1	 -	 1	 6	 1	 -
3	 PF-8 : Frigocyclinone	 2	 2	 4	 10	 -	 1

Table 4(a). Docked complex with residues and number of hydrogen bonds

S .	 Target-ligand complex	 Residues	 No. of hydrogen 	 Binding energy 
No			   bonds	 (Kcal/mol)

1	 LANA1 : Ascorbic acid	 GLN1034, GLY1067, 	 4	 -4.3
		  ARG1119, GLY1130
2	 LANA1 : Frigocyclinone	 LYS1070	 3	 -8.59
3	 LANA1 : Salicylihalamide A	 LYS1070	 2	 -5.88
4	 LANA1 : Salicylihalamide B	 LYS1070	 1	 -5.59
5	 vIRF 3 : Ascorbic acid	 GLN51, ASP55, ARG58	 6	 -5.45
6	 vIRF 3 : Frigocyclinone	 ASN42	 1	 -8.48
7	 vIRF 3 : Salicylihalamide A	 ASN42	 1	 -8.42
8	 vIRF 3 : Salicylihalamide B	 ASN42, ASP43, GLN51, PHE53	 4	 -8.06
9	 PF-8 : Ascorbic acid	 GLU158, PHE153	 3	 -4.75
10	 PF-8 : Frigocyclinone	 HIS154, GLU158	 2	 -8.00
11	 PF-8 : Salicylihalamide A	 LYS63, SER288, GLY289	 3	 -5.36
12	 PF-8 : Salicylihalamide B	 LYS292, HIS154	 3	 -6.09

Fig. 3. Protein-ligand interaction (a)LANA1-Frigocyclinone complex, (b) vIRF3-Frigocyclinone complex and (c) 
PF-8 -Frigocyclinone complex which visualized through discovery studio

Frigocyclinone complex. We determined 
conformational changes between LANA1 and 
LANA1-Frigocyclinone complex. The results 
showed that LANA1-Frigocyclinone complex 
had average potential energy -270168 kJ/mol 
(total drift: -252845 kJ/mol), temperature 299.813 
K (total drift: 1.01817 K), pressure -3.67818 
bar (total drift: 12.6906 bar) and density 1005.7 
kg/m3 (total drift: 0.35516 kg/m3). The steepest 

descents algorithm converged to Fmax<1000 in 
1583 steps (potential energy: -5.3628425e+05). 
The LANA1 protein contains 1156 atoms and 
Frigocyclinone contains 37 atoms. RMSD curves  
indicate a slight changes between 8.93 ns and 8.96 
ns whereas drastic  increase  relative  to  the  docked  
conformation with  values  range between 10 ns 
and 20 ns. The LANA1-Frigocyclinone complexes 
produce more fluctuations during 3 ns and 13 ns. 
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The radius of gyration were intended to determine 
the compactness of LANA1 during the MDS. All 
the position were compact with the LANA1 having 
the lowest Rg value of 1.31 nm at 16 ns and highest 
Rg value 1.37 nm at 4 ns (Figure 4).

Conclusion

	 The current analysis, investigated the 
role of marine bioactive compounds as anticancer 
agents using computational methods. The result 
from this study displayed that the frigocyclinone 
demonstrated high affinity towards KSHV 
LANA1. Interaction analysis revealed that this 
compounds formed stable interaction in the 
surface of LANA1 mainly through H-bond. By 
this compound analysis, we provide a valuable 
insight on the identification of potent bioactive 
compound from marine source against KSHV. 
The main chemical component frigocyclinone is 
the first angucyclinonederivates (acts as antiviral, 
antifungal, anti-tumor and enzyme inhibitory 
activities). Therefore the compound frigocyclinone 
can be considered as promising anticancer lead for 
KS.
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