Mucopermeating Nanoparticles: An In Silico Strategy Toward Surface Graftable Ligand Selection and Underscoring Molecular Mechanisms
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The mucus layer—a biologically relevant hydrogel present in the gastrointestinal, respiratory, and genital tracts, as well as on ocular surfaces—acts as a highly specialized barrier formed by a hygroscopic network of mucin proteins. This structure significantly limits the transport of nanomedicines, which often adhere to mucus and are subsequently recycled inside the body. Surface modification of nanoparticles with hydrophilic ligands, such as polyethylene glycol, has been shown to improve mucus penetration; however, the mechanisms underlying this effect remain obscure. To address this, a set of 79 ligands was computationally selected from the ChEMBL and DrugBank databases based on structural similarity to triethylene glycol, a polyethylene glycol analog, and compliance with the Lipinski–Veber criteria for oral bioavailability. Ligands were ranked using a similarity score (SS), introduced here as a bioinformatic metric for automated prioritization of ligand candidates. From this pool, 15 ligands were chosen, representing three terciles (five ligands each), with the top tercile—including triethylene glycol—exhibiting the highest SS values. These selected ligands were docked to an equilibrated MUC5AC protein structure using two independent docking platforms (PatchDock and AutoDock Vina). For each ligand, mean docking or binding scores (depending on the software) and average atomic contact energies (calculated from the five strongest interactions) were determined. The SS demonstrated a strong correlation with atomic contact energy and a moderate correlation with both docking/binding scores and the six Lipinski–Veber parameters. Overall, both the SS and atomic contact energy proved informative metrics, underscoring their potential utility for the efficient and reliable screening of surface ligands for surface grafting in nanomedical formulations.

