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Many research groups have engaged a variety of investigations against the worldwide issue of  

SARS-CoV-2. Here, we have performed a combination approach of fragment molecular orbital 

(FMO) calculation and molecular dynamics (MD) simulation to analyze the interactions between 

the SARS-CoV-2 Main protease (Mpro) and the N3 inhibitor in a statistical manner. 

Prior to the MD-assisted investigation, a detailed analysis with inter-fragment interaction energy 

(IFIE) was performed for the crystal structure (PDB ID: 6LU7) [1] of complex between Mpro and 

N3 inhibitor, based on the FMO-MP2(PR)/6-31G* calculation by using ABINIT-MP [2,3]. Using 

AMBER [4], MD simulations for 100 ns were then performed from the 6LU7 initial structure, and 

a total of 100 structures were extracted from the trajectory. These sampled structures were 

subjected to a series of FMO calculations, and statistical evaluation of IFIEs was made.  

Through these studies, several amino acid residues such as His163 and Glu166 was identified to 

be important in interacting with N3 with hydrogen bond. Interestingly, the structural fluctuation 

via MD sampling could alter the relative importance among the residues. We will report on the 

details of these results on the presentation day.  

[Acknowledgment] The present work was supported by MEXT as a social and scientific priority 

issue #6 to be tackled by using post-K computer (FS2020), AMED-BINDS (JP20am0101113), and 
Rikkyo SFR. MD simulations were performed using TSUBAME 3.0 (BINDS quota) at the Tokyo 

Institute of Technology. For FMO calculations, computational resources of FX-100 at Nagoya 

University, RIKEN R-CCS Fugaku (priority trial use against coronavirus) and Oakforest-PACS 

(hp200146 quota) at JCAHPC were used.  
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It is well known that the spike protein of SARS-CoV-2 commits the infection to human cells. Thus, 

considerable efforts in worldwide have been conducted to understand the natures of this protein build with 3 

chains (a total of 3.3 thousand amino acid residues). Here, we have performed highly correlated FMO 

(fragment molecular orbital) calculations with ABINIT-MP [1]. The calculated systems were the spike protein 

of both closed (PDB ID: 6VXX) and open (PDB ID: 6VYB) structures and also a couple of RBD (receptor 

binding domain) complexes with human ACE2 (angiotensin-converting enzyme 2) (PDB ID: 6M0J) and B38 

antibody (PDB ID: 7BZ5).  

The structures of 6VXX and 6VYB were prepared with a homology modeling and relaxed by an MD 

(molecular dynamics) annealing using AMBER [2]. The structure preparations for 6M0J and 7BZ5 were rather 

simply done with MOE [5]. The level of FMO calculations were MP2, MP3 [2], and MP4(SDQ) [3], and a 

scaling for correlation energy such as MP2.5 was adopted to improve accuracy. The basis sets were 6-31G* 

and cc-pVDZ. A series of IFIE (inter-fragment interaction energy) analyses were then made for these systems. 

  It was found that the inter-chain stabilization energies (A-B, B-C and C-A) of the open structure (6VYB) 

were sizably different from those of the closed structure (6VXX). In particular, the stabilization energy of RBD 

in chain B of 6VYB is remarkably decreased relative to that of 6VXX. The importance of charged residues in 

chain interactions was illuminated as well. 

The calculated IFIEs of 6M0J and 7BZ5 suggested that the stabilization energy loss of RBD in chain B is 

partly compensated by the binding with ACE2 and B38 antibody. These results could be consistent with the 

fact that the open structure is responsible for the infection to human cell and the target of antibody. The details 

of these results will be reported on the day of the presentation. 
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Global coronavirus disease pandemic (COVID-19) caused by newly identified SARS- 
CoV-2 coronavirus continues to claim the lives of thousands of people worldwide. The 
unavailability of specific medications to treat COVID-19 has led to drug repositioning 
efforts using various approaches, including computational analyses. Such analyses mostly 
rely on molecular docking and require the 3D structure of the target protein to be available. 
In this study, we utilized a set of machine learning algorithms and trained them on a 
dataset of RNA-dependent RNA polymerase (RdRp) inhibitors to run inference analyses on 
antiviral and anti-inflammatory drugs solely based on the ligand information. We also 
performed virtual screening analysis of the drug candidates predicted by machine learning 
models and docked them against the active site of SARS- CoV-2 RdRp, a key component 
of the virus replication machinery. Based on the ligand information of RdRp inhibitors, the 
machine learning models were able to identify candidates such as remdesivir and baloxavir 
marboxil, molecules with documented activity against RdRp of the novel coronavirus. 
Among the other identified drug candidates were beclabuvir, a non-nucleoside inhibitor of 
the hepatitis C virus (HCV) RdRp enzyme, and HCV protease inhibitors paritaprevir and 
faldaprevir. Further analysis of these candidates using molecular docking against the 
SARS-CoV-2 RdRp revealed low binding energies against the enzyme active site. Our 
approach also identified anti-inflammatory drugs lupeol, lifitegrast, antrafenine, betulinic 
acid, and ursolic acid to have potential activity against SARS-CoV-2 RdRp. We propose 
that the results of this study are considered for further validation as potential therapeutic 
options against COVID-19. 
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Influenza is a contagious respiratory illness that infects the nose, throat, and lungs, causing mild 
to severe illness. Glycoproteins, hemagglutinin (HA) and neuraminidase (NA), of the influenza 
virus play essential roles in its replication process. HA binds to sialic acid (SA) at the end of a 
sugar chain present on the surface of a host cell, and then the virus is taken into the cell. NA on the 
virus surface plays a role of scissors to cleave the bond between SA and the sugar chain, which 
allows the daughter virus to liberate to begin infecting the surrounding cells. 

Anti-influenza drugs that inhibit the interaction between NA and SA have been developed. 
Currently, four types of NA inhibitors (oseltamivir, zanamivir, peramivir, and laninamivir) have 
been used for the treatment of influenza in Japan. But resistance against available anti-influenza 
drugs is emerging rapidly. Hence, it’s crucial to study the detailed mechanism of drug resistance to 
develop anti-influenza drugs which are less prone to resistance. 

Most of the receptor mutations that lead to drug resistance occurs at its active site residues, since 
they are the key residues interacting with the drug. But residue 117 is not a part of active site of 
neuraminidase and still an Ile-to-Val substitution at position 117 (NA-I117V) causes a slight 
reduction in susceptibility to oseltamivir (OT) in vitro and dramatically in vivo.1 However, the 
molecular mechanism of OT resistance caused by NA-I117V mutation is still not clear. 

In this study, to clarify the binding affinities of SA and OT to the NA-I117V, we computed the 
corresponding binding free-energies using the molecular mechanics Poisson-Boltzmann surface 
area (MM-PBSA) method. We also computed the pairwise per-residue free energy decomposition 
calculation to clarify the molecular mechanism of OT resistance in NA-I117V mutant.  

[1] Takano, R., Kiso, M., Igarashi, M., Le Q.M., Sekijima M., Ito, K., Takada, A., Kawaoka, Y.,
Molecular Mechanisms Underlying Oseltamivir Resistance Mediated by an I117V Substitution
in the Neuraminidase of Subtype H5N1 Avian Influenza A viruses, The Journal of Infectious
Diseases, 207:89-97, 2013.
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