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Abstract

The emergence of some mutations in the SARS-CoV-2 receptor binding domain (RBD) can increase the spread
and pathogenicity due to the conformational changes and increase the stability of Spike protein. Due to the
formation of different strains of SARS-CoV-2 by mutations, and their catastrophic effect on public health, the study
of the effect of mutations by scientists and researchers around the world is inevitable. Evidence of S494P has been
observed in several strains of SARS-CoV-2 from Michigan, USA (15). To investigate how the natural mutation
S494P alters receptor binding affinity in RBD, structural analysis of wild-type and mutant spike proteins using
bioinformatics and computational tools such as FoldX, PoPMuSiCv3.1, molecule dynamics simulation, PCA, and
HADDOCK, were performed. The results show that the S494P mutation increases the stability of spike protein.
Also, applying docking by HADDOCK displayed higher binding affinity to hACE2 for mutant spike than wild type
possibly due to the increased B-strand and Turn secondary structures which increases surface accessibly surface area
(SASA) and chance of interaction. The analysis of S494P as a critical RBD mutation may provide the continuing
surveillance of spike mutations to aid in the development of COVID-19 drugs and vaccines.
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SP=Signal peptide

NTD= N-terminal domain of S1 |

CTD=C-terminal domain of S1 |

REM-= Receptor binding motif
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® Periodic boundary condition
7 constant number (N), volume (V), and temperature
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Van der Waals energy -68.8 +/- 4.0 -68.3+/-3.4
Electrostatic energy -261.1 +/- 15.8 -272.2+/-11.8
Desolvation energy -36.3 +/-2.8 -32.0 +/-2.7
Restrains violation energy 0.0 +/- 0.03 0.1+/-0.11

Buried Surface Area (A%) 1950.4 +/-93.3 1976.0 +/- 68.9
Z-Score 0.0 0.0
Total Interaction energy -339.8 -348.1
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S, hACE2 S, hACE2 S, hACE2
Alad75 (WT) Ser19 Tyrd49 (WT) Asp38 Gly446 (WT) Glnd2
Alad75 (S494P) - Tyrd49 (S494P)  Asp38 Gly446 (S494P)  Glnd2
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Lys417 (WT) Asp30 Tyr505 (WT) Asp38 Gly496 (WT) Lys353
Lys417 (S494P) Asp30 Tyr505 (S494P) - Gly496 (S494P) Lys353
Gln493 (WT) Lys31 Gly496 (WT) Asp38 Gly496 (WT) Asp38
GIn493 (S494P) Lys31 Gly496 (S494P) - Gly496 (S494P) -
GIn493 (WT) Glu35 Asnd87 (WT) Tyr83 Tyrd49 (WT) Gln42
GIn493 (§494P)  Glu35 Asnd87 (5494P) Tyr83 Tyr449 (S494P) Gln42
Thr500* (WT) Tyrdl Asnd87 (WT) GIn24 Lys353 (WT) -
Thr500° (S494P) Tyrdl Asnd87 (§494P)  GIn24 Lys353 (§494P)  Gly502
GIn498 (WT)  Lys353 Tyr505 (WT) - Asp501 (WT) -
GIn498 (S494P)  Lys353 Tyr505 (S494P) Glu37 Asp501 (S494P) Lys353
Arg357 (WT) -

Arg357 (§494P)  Thr500

“two hydrogen bound, "one hydrogen bound.
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