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Due to the COVID-19 pandemic, researchers have 

attempted to identify complex structures of the 

severe acute respiratory syndrome coronavirus 2 

(SARS-CoV-2) spike glycoprotein (S-protein) with 

angiotensin-converting enzyme 2 (ACE2), a 

blocking antibody, or a drug candidate molecule. 

We have performed fragment molecular orbital 

(FMO) calculations on the complexes of S-protein 

with ACE2 and antibodies to reveal key residues 

for molecular recognition mechanism [1]. To 

quantitatively evaluate hydrogen bonds, XH/π 

interactions (X = N, O, and C), and salt bridges, we 

performed FMO-based epitope analysis with inter-fragment interaction energy (IFIE) and its 

energy decomposition analysis (PIEDA). In addition, molecular recognition between S-protein and 

another drug candidate molecule will be also reported by IFIE/PIEDA analysis. These FMO 

calculation data will be registered in FMODB (https://drugdesign.riken.jp/FMODB/). 

Acknowledgement 

The authors thank Mr. Kazuki Watanabe for fruitful discussion, and Dr. Kikuko Kamisaka and Dr. 

Daisuke Takaya for technical support. This research was done in activities of FMO Drug Design 

Consortium (https://fmodd.jp/top-en/). The results of FMO calculations were partially obtained us ing 

the Fugaku supercomputer (project ID: 210130) and the HOKUSAI supercomputer (RIKEN Advanced 

Center for Computing and Communications, Saitama, Japan) . This research was partially supported by 

Platform Project for Supporting Drug Discovery and Life Science Research (Basis for Supporting 

Innovative Drug Discovery and Life Science Research (BINDS)) from AMED under Grant Number 

JP21am0101113. Finally, CW acknowledges JST PRESTO grant (JPMJPR18GD). 

[1] Watanabe C et al., Molecular recognition of SARS-CoV-2 spike glycoprotein: quantum chemical

hot spot and epitope analyses, Chem. Sci., 12, 4722-4739, 2021.

Fig. 1. PIEDA between S-protein and ACE2 
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