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Figure 8. Predicted binding poses for (A) ppFucCS1, (B) ppFucCS2, (C) ppFucCS3, (D)
IbSF and (E) heparin, bound to wild-type (left panel) and N501Y mutant (right panel) of
SARS-CoV2 S-protein RBD. Docked glycan in wild-type (pink) and in N501 mutant
(green), and selected neighboring interacting residues (gray) are shown in sticks. Dashed
lines indicate polar interactions between the RBD and glycan.
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Study of Marine Natural Products as Anti-SARS-CoV-2 Agents Using Molecular Modeling 

q Here, we report a collection of computational 
studies conducted as part of a collaborative effort 
to investigate the effects of marine natural 
products (NPs) on wild-type (WT) and N501Y 
mutant SGP RBD [1,2].

q Marine NPs isolated from P. pygmaea, I. 
badionotus and B. occidentalis showed anti-
SARS-CoV-2 activity.

q Computational modeling techniques were used 
to investigate all NP binding sites in SGP RBD 
using the isolated NPs and their interactions with 
the RBD (WT and N501Y) investigated.

Priyanka Samanta1, Sushil K. Mishra1, Rohini Dwivedi1, Seon Beom Kim1, AyoOluwa O. Aderibigbe1, Poonam Sharma2, Fuming 
Zhang3, Pavel Kucheryavy1, Mary Zoepfl4, Ke Xia3, Reena Thara1, Robert J. Linhardt3, Michael A. McVoy4, Ritesh Tandon2,  Vitor 

H. Pomin1,5, Robert J. Doerksen1,5*

References

Summary

Funding from the US National Institute 
of General Medical Sciences of the 
National Institutes of Health (NIH) 
under Award Number P20GM130460 
and the University of Mississippi. The 
research is solely the responsibility of 
the researchers and does not necessarily 
represent the official views of the NIH.

Current Work

q These results provide insights into key structural features of the marine isolated NPs that help enable them to 
bind well to SGP RBD (WT and N501Y) and those that could be modified to enhance binding, as the NPs are 
considered for development as potential therapeutics.
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Introduction & Significance
q The outbreak of severe acute respiratory 

syndrome-related coronavirus 2 (SARS-CoV-2) 
has created a global pandemic.

q The entry of SARS-CoV-2 inside the host cell is 
mediated by binding of S-protein (SGP) to 
heparan sulfate (HS) proteoglycans present on 
host cell surfaces.

q Primary interaction of the SGP receptor binding 
domain (RBD) with surface HS causes its 
subsequent binding to its secondary receptor, host 
angiotensin converting enzyme 2 (ACE-2).

q This event is followed by virus endocytosis and 
eventual infection.

q SGP RBD models (WT and N501Y mutant) 
were built based on PDB ID: 6M0J[3].

q Blind docking studies were performed using 
multiple docking programs: Glide[4], AutoDock
Vina[5] and ClusPro[6].

q Site-targeted docking studies were performed at 
each identified binding site using Glide[4] and 
AutoDock Vina[5].

q All-atom molecular dynamics (MD) studies 
were done using multiple force fields (ffs) for 
the NPs (GLYCAM06[7] or CHARMM36[8]), 
using AMBER software package.

1. Dwivedi R, Samanta P, Sharma P, Zhang F, Mishra SK, Kucheryavy P, Kim S, Aderibigbe AO, Linhardt RJ, Tandon R, Doerksen RJ, Pomin VH. Structural and kinetic analyses of holothurian sulfated glycans 
suggest potential treatment for SARS-CoV-2 infection. J. Biol. Chem. 2021, 297(4):101207. doi.org/10.1016/j.jbc.2021.101207.
2. Kim S; Zoepfl M; Samanta P; Zhang F; Xia K; Thara R; Linhardt RJ; Doerksen RJ; McVoy M; Pomin VH. Fractionation of sulfated galactan from the red algal Botryocladia occidentalis separates its 
anticoagulant and anti-SARS-CoV-2 properties. J. Biol. Chem. 2022;298(5):101856. doi.org/10.1016/j.jbc.2022.101856.
3. Lan J, Ge J, Yu J, Shan S, Zhou H, Fan S, Zhang Q, Shi X, Wang Q, Zhang L, Wang X. Structure of the SARS-CoV-2 spike receptor-binding domain bound to the ACE2 receptor. Nature. 2020, 
581(7807):215–220. doi: 10.1038/s41586-020-2180-5.
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Chem. 2004,47(7):1750–9. doi: 10.1021/jm030644s. 
5. Trott O, Olson AJ. AutoDock Vina: improving the speed and accuracy of docking with a new scoring function, efficient optimization, and multithreading. J Comput Chem. 2010, 31(2):455–461. doi: 
10.1002/jcc.21334.
6. Kozakov D, Hall DR, Xia B, Porter KA, Padhorny D, Yueh C, Beglov D, Vajda S. The ClusPro web server for protein-protein docking. Nature Protocols. 2017, 12(2):255–278. doi:10.1038/nprot.2016.169.
7. Kirschner KN, Yongye AB, Tschampel SM, González-Outeiriño J, Daniels CR, Foley BL, Woods RJ. GLYCAM06: a generalizable biomolecular force field. Carbohydrates. J Comput Chem. 2008, 29(4):622–
55. doi: 10.1002/jcc.20820.
8. Huang J, MacKerell Jr AD. CHARMM36 all-atom additive protein force field: validation based on comparison to NMR data. J Comput Chem. 2013, 34(25):2135–45.doi: 10.1002/jcc.23354.
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q Blind docking studies 
identified 5 binding sites.

Five
 hep

ari
n binding

sit
es

 id
en

tifi
ed

RBD

ADVina Glide
Site 1 100 100
Site 2 25 37.5
Site 3 25 12.5
Site 4 0 0
Site 5 n/a 100

q Both docking programs predicted similar binding 
poses at Site 1.

q Sites 1 and 5 showed 
strongest interactions.

q Molecular docking shows that all molecules bind 
to SGP RBD WT and N501Y mutant in a similar 
binding mode. 

GAG–protein 
complexes formed at 
these sites were stable 
during MD simulations.

q Docking poses showed 
that residues Y501, 
Y449, Q498, R403, 
Q493, and Y453 play key 
roles in binding of NPs 
from B. occidentalis to 
the N501Y mutant. 

Q493

Y501

Gal2S

Gal3S

O3

2S

3S

[β-Gal2S-(1→4)-α-Gal3S]

Q498

R403

Y453

Y449

O6

O6

Figure 7. Molecular modeling of marine glycans in their unbound and bound state with SARS-CoV-2 S-protein RBD. 2D plots of the distribution of glycosidic torsion 
angles of the marine glycans in their unbound state, resulting from 1 µs MD simulations. (A’, B’, C’, D’): 2D plots of the distribution of glycosidic torsion angles of the marine 
glycans in their bound state with S-protein RBD, resulting from 200 ns MD simulations. 3D conformations of marine isolated glycans are shown in sticks. Bound glycan 
glycosidic torsional plots are shown in blue (WT) and orange (N501Y).
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Figure 7. Molecular modeling of marine glycans in their unbound and bound state with SARS-CoV-2 S-protein RBD. 2D plots of the distribution of glycosidic torsion 
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