Figure S1: Radius of gyration (Rg) profiles of SARS-CoV-2 RBD mutants and ACE2 during 100 ns molecular dynamics simulations.
 (A) Time evolution of Rg for SARS-CoV-2 wild-type and mutant RBDs (E484K, G496S, T478K, F490S, Q493E, T478A, T478E, Y369C), showing differences in structural compactness.(B) Rg trajectories of ACE2 in complex with each corresponding RBD variant, indicating mutation-induced alterations in receptor flexibility. Variations in Rg reflect differences in global structural stability and compactness of the protein complexes over the simulation time.
Figure S2: Free Energy Landscapes (FEL) with identified energy wells for the SARS-CoV-2 RBD wild type and eight mutant variants: T478K, E484K, G496S, F490S, Q493E, Y369C, T478A, and T478E. Each panel presents a 2D FEL plot generated from principal component analysis (PCA), using PC1 and PC2 as reaction coordinates. The number of local minima or energy wells identified by non-parametric clustering is indicated in each panel title. Color bars represent the relative energy level (kcal/mol), where yellow indicates high-energy regions and purple indicates low-energy basins. Black circles mark the positions of identified local minima. These variations in the number and distribution of wells reflect differences in the conformational flexibility and energy landscape ruggedness of each RBD mutant relative to the wild type.
Figure S3. Molecular Mechanics Poisson–Boltzmann Surface Area (MM-PBSA) binding free energy analysis of SARS-CoV-2 RBD–ACE2 complexes during 100 ns molecular dynamics simulations. Binding free energy (ΔG_bind) was computed for the wild-type complex and RBD mutants (T478K, E484K, G496S, F490S, Q493E, Y369C, T478A, and T478E). The plots show the frame-wise ΔG_bind values over time, with the red line indicating the average binding free energy across the simulation. Mutation-specific deviations in ΔG_bind suggest distinct impacts on complex stability and receptor affinity.
Figure S4. Minimum inter-residue distance analysis between ACE2 (residues 80–120) and SARS-CoV-2 RBD variants over 100 ns molecular dynamics simulations. Minimum distance profiles are shown for the wild-type complex (A) and eight RBD mutants: T478K (B), E478K (C), G496S (D), F490S (E), Q493E (F), Y369C (G), T478A (H), and T478E (I). Each plot represents the temporal evolution of the closest distance (in nm) between ACE2 and the RBD interface, indicating the degree of molecular proximity and interaction dynamics. Fluctuations in distance suggest mutation-specific variations in interface stability and contact retention during the simulation.

Table S1. Protein–protein docking scores of SARS-CoV-2 RBD mutants with human ACE2 receptor. Docking was performed to evaluate the binding affinities of wild-type and mutant RBD variants to ACE2. The table ranks the variants based on their docking scores (in kcal/mol), with more negative values indicating stronger predicted binding affinity. The Q493E mutant showed the most favorable binding (−351.52 kcal/mol), followed by T478A and T478E. Wild-type RBD ranked 7th, while Y369C and F490S exhibited the weakest binding among the tested variants.




