
Our Halo technology was applied to study 
the influence of amino-acid exchanges on 
the affinity of the SARS-CoV-2 spike RBD to 
the human receptor hACE2. We developed 
and employed an empirical scoring func-
tion (ESF) closely related to the linear inter-
action energy (LIE) method, which is based 
on experimental binding data and molecu-
lar dynamics simulations. 
Our analysis focuses on effects of observed 
amino acid exchanges. We analyzed the 

Halos of the wild-type and RBD variants. If 
the Halo comparison demonstrated a sub-
stantial change, we fed this variant into 
a LIE-based molecular dynamics model-
ing pipeline to predict the corresponding 
change in binding affinity.
This approach provides early structural 
insights and binding affinity estimates 
before experimental complex structures 
and experimental binding data will become 
available.
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Surface representation of Halo difference point 
clouds targeting pairwise spike RBD compari-
sons. 
 
a: Each Difference-Halo was calculated by sub-
tracting Halo field values of the variant associated 
with column from Halo field values of the variant 
associated with row. Upper triangle: hydrophobic-
ity difference Halos; Lower triangle: electrostatics 
difference Halos; Diagonal: binding interfaces of 
spike RBD variants in complex with hACE2

b: WT vs. Omicron hydrophobicity difference field.  

c: WT vs. Omicron electrostatics difference field.  

d: Omicron RBD-hACE binding interface reveal-
ing an additional hydrogen bond between resi-
dues Arg493 and hACE2 Glu35.

Comparison of mutation sites 
of Delta and Omicron variants.


