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Development and Validation of a Novel Method for Designing Small Molecule Peptide Mimetics
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The development of biopharmaceuticals has been remarkable, with roughly half of the top ten pharmaceutical sales in recent
years accounted for by this sector. However, high manufacturing costs limit the accessibility for patients and healthcare
practitioners. Therefore, from the perspectives of fairness and sustainability, there is a demand for the development of
technologies to reduce manufacturing costs. On the other hand, substances derived from plants and microorganisms found in
nature have long been used for medical purposes, many of which are small molecule compounds. Small molecule
pharmaceuticals are often synthetically producible, resulting in lower production costs, and have advantages such as long-
term storage at room temperature and oral administration. Many common drugs and antibiotics are small molecule and
represent a modality that has been trusted for many years. The goal of this research is the development and validation of in
silico drug discovery techniques to reproduce the pharmacological functions of proteins and peptides, which are at the core
of biopharmaceuticals, with small molecule compounds. We extract the three-dimensional structure of the parts of existing
biopharmaceuticals and unused proteins and peptides that can be used as pharmaceuticals on a computer, and by redesigning
them as small molecule compounds, we provide compounds that are promising as pharmaceutical seeds.

Molecular design was conducted as follows: A program was created that generates a diamond lattice at an arbitrary position
and direction in PDB atomic coordinate space, and visualizes the skeleton imitating the molecular shape of the binding peptide
on the lattice. This method uses a diamond lattice consisting entirely of trans and gauche conformations, so it cannot reproduce
sp? carbon or 5-membered rings. The user must have knowledge of medicinal chemistry/organic chemistry for molecular
design, and it is necessary to consider steric hindrance and synthetic feasibility. Although it is not a universal design method,
it was easier to find small molecules, that show high affinity and ideal binding structure for the binding target in in silico
docking studies.

We designed small molecule inhibitors for four protein-protein or protein-peptide complexes, such as the human estrogen
receptor and NRBoxII peptide complex, using this methodology. By basic skeleton and its structural development, we
synthesized approximately 300 new compounds in total.

Various physiological activity tests were conducted with the aim of clarifying the usefulness of these designed molecules as
pharmaceutical seeds. /n vitro pharmacological activity tests such as anti-RS virus assay, anti-SARS-CoV-2 assay, and fibrosis
inhibition assay were conducted on the synthesized compounds. In the anti-RS virus assay, a compound showing selectivity
of more than 16 times with a 50% effective concentration (ECso) of 6.25 uM and a 50% cytotoxic concentration (CCsp) of
more than 100 pM was obtained. In the anti-SARS-CoV-2 assay, a promising compound showing a selectivity of more than
234 times with an ECso of 1.71 uM and a CCsy of more than 400 pM was obtained. In the fibrosis inhibition activity test, a
compound showing strong anti-fibrosis at 5 uM was obtained.

Although it is a small-scale library of about 300 compounds, promising hit compounds (ECso <10 pM) were obtained in
various physiological activity tests, so we believe that we have been able to explore useful chemical space containing diverse

bioactive compounds through the molecular design method developed in this study.



