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Computer-assisted study of the mechanism of action of antibody-conjugated drugs targeting
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Abstract: A recombinant fusion protein—based antibody—drug conjugate utilizing lidamycin targets the epidermal
growth factor receptor (EGFR). However, the targeting capabilities of antibody—drug conjugates with different
structural configurations have not yet been reported. In this study, the three antibody—drug conjugates Fv-LDP-D3-
AE , Fv-LDP-AE, and LDP-D3-AE (where Fv is the anti-EGFR single-chain variable fragment, LDP is the
lidamycin apoprotein, D3 is domain III of human serum albumin, and AE is the lidamycin enediyne chromophore)
were individually docked with EGFR using ZDOCK software to obtain the corresponding complexes. The structural
stabilities of the three complexes were analyzed using molecular dynamics simulations. The binding free energies
between the antigen EGFR and the antibodies Fv-LDP-D3-AE, Fv-LDP-AE, and LDP-D3-AE were calculated using
the MM-GBSA method, yielding values of -84.17, -65.94, and -51.95 kcal/mol, respectively. Molecular simulations
revealed that Fv-LDP-D3-AE and Fv-LDP-AE formed stable structures with EGFR, whereas the binding stability
of LDP-D3-AE to EGFR was relatively poor. Non-bonded interaction analysis indicated that van der Waals forces
were dominant between the EGFR antigen and the antibodies Fv-LDP-D3-AE, Fv-LDP-AE, and LDP-D3-AE,

followed by electrostatic interactions. The antibody fragment Fv primarily acts on subdomain I of EGFR. When Fv-
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LDP-D3-AE bound to EGFR, ASP54 in Fv-LDP-D3-AE, along with ARG48 and TYR101 in EGFR, were key

contributors to the binding free energy, with ASP54 and ARG48 forming hydrogen bonds and salt bridges,
respectively. In the binding of Fv-LDP-AE to EGFR, TYR35 and ASP33 in Fv-LDP-AE and LEU14, ARG125, and
THRI15 in EGFR are important contributors to the binding free energy, where ASP33 and ARG125 form hydrogen
bonds and salt bridges, respectively. In the binding of LDP-D3-AE to EGFR, PHE2 in LDP-D3-AE, along with
SER356, PHE156, and ARG353 in EGFR, are key contributors to the binding free energy, with PHE2 forming a

hydrogen bond with ARG353 of EGFR.

Keywords: epidermal growth factor receptor; antibody-conjugated drugs; molecular docking; molecular dynamics

simulation; antigen-antibody complex system
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