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In this study, we reanalyzed existing MD simulation data for a VHH antibody—hen egg white lysozyme
complex using TSUBAME 4.0 over a short period and applied the MM-PBSA method to quantitatively
evaluate binding free energy. The results indicated that the presence or absence of mutations, as well
as differences in mutation sites, significantly impacted electrostatic complementarity and
hydrogen-bond networks, suggesting the effectiveness of amino acid substitutions that enhance
affinity. Furthermore, free energy decomposition clarified the factors contributing to complex
stabilization at the molecular level. We plan to compare these findings with experimental data and
extend their application to a broader range of variants to establish more precise guidelines for
antibody design. These outcomes are expected to further refine antibody engineering and contribute to

drug development support.
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