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Development of small-molecule peptidomimetics of biomolecular local structures for discovery of new
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Biopharmaceuticals such as antibodies and nucleic-acid medicines have greatly expanded therapeutic options for difficult
diseases. At the same time, their manufacturing complexity, cost, storage requirements, and delivery constraints remain
important challenges. Against this background, this project aimed to advance a drug discovery platform that can reproduce
the beneficial functions of biomolecules with more accessible small molecules. The central concept was to focus on the local
three-dimensional structures that support protein and peptide function and to translate those structural motifs into small-
molecule design.

This project did not begin as an abstract Al study. It emerged from practical medicinal chemistry efforts. In the previous
AMED project conducted from 2020 to 2022, the research team established a peptide-mimetic design strategy to reproduce
local structures of biomacromolecules with small molecules. Design, synthesis, and biological evaluation were integrated in
one workflow, and promising low-molecular-weight compounds with antiviral and anti-fibrotic activities were obtained.
These results showed that the concept was not merely theoretical, but already connected to real drug discovery.

As the work progressed, the team also recognized the limits of existing molecular representations and conventional Al-driven
discovery approaches. Many current methods rely on strings, descriptors, or engineered features. In other words, Al often
learns a textual or indirect description of a molecule rather than the structure itself. Those approaches remain useful, but they
do not always handle local three-dimensional geometry, orientation, and spatial robustness in a unified manner. In real
pharmacology, efficacy is not always explained by simple target affinity alone; spatial shape, local arrangement, and changes
in cellular networks can also matter.

To address this issue, the project evolved toward a structure-recognition platform based on interatomic distance information.
PSM (Proximity Score Matrix) represents molecular structure in a form that reduces strong dependence on a specific
coordinate system and enables Al to compare local structure more directly. Conceptually, this is a shift from having Al read a
molecular description to enabling Al to see the structure itself. The significance of the work lies not in presenting Al as an
end in itself, but in building a structural recognition framework that was required by practical drug discovery.

This platform was further connected to real therapeutic applications. In antiviral research, the concept was extended to
multiple enveloped viruses, including coronaviruses, feline coronaviruses, dengue virus, and filoviruses, indicating broader
potential for small-molecule intervention. In anti-fibrotic research, nonclinical proof of concept was obtained in two
independent pulmonary fibrosis models, and advanced analyses such as spatial transcriptomics supported the interpretation
of disease-related cellular-state changes. These findings suggest that the structural design concept is moving steadily from
basic science toward disease-oriented application.

The outcomes have also begun to move toward social implementation through university-originated startup activities,
technology-outreach efforts, international collaboration, and expansion into an Al-enabled drug discovery platform. In this
sense, the project represents a Japan-originated foundation for future drug discovery: a structure-recognition approach born
from the needs of real medicinal research and developed toward practical use. By linking local structural understanding of
biomolecules to small-molecule design, this work provides a practical framework for future Al-assisted drug discovery and

contributes to the development of a sustainable Japan-originated drug discovery infrastructure.



