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Development of middle-sized peptide drugs using unnatural a-amino acids
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This study aims to establish a strategy for the development of middle-sized peptide drugs using a highly congested
unnatural a-amino acid. The middle-sized peptide can be used not only for drug discovery research focusing on target
proteins such as GPCRs, but also for targeting protein-protein interactions (PPIs) that are frequently intractable drug targets
with small molecule drugs. In this study, we will establish the general strategy to design innovative middle-sized peptide
drugs through our well-organized collaboration from diverse research fields including organic chemistry, physical
chemistry, protein science, theoretical chemistry, biochemistry, and pharmacology. Our originally synthesized HCUAA
allows precise control of steric hindrance and enables dramatic improvements in hydrophobicity, helix stability, and
bioavailability, which are difficult to achieve with existing unnatural a-amino acids with small steric hindrance. The
HCUAA peptides developed in this proposed study will be important additions to next generation peptide therapeutics such
as cyclic peptides by enhancing cellular permeability and in vivo activity, thus accelerate drug discovery efforts with
middle-sized peptide drugs.

A new synthesis method for unnatural a-amino acids using hydrocarbon was developed, and the incorporation of
unnatural o-amino acids into peptides was achieved. A practical synthetic method was also developed, providing highly
congested unnatural a-amino acids at a gram-scale. Furthermore, a synthesis method for unnatural a-amino acids that
stabilize B-turn structures of peptides was developed.

Through secondary structure analysis of model peptides containing unnatural a-amino acids, we found that peptides
incorporating our original unnatural a-amino acid induced a-helix formation, whereas conventional Aib did not induce a-
helical formation. Based on the sequence of the N-terminal helix of hACE2, which binds to the S protein, we investigated
affinity evaluations of natural or a-unnatural amino acid-derived peptides and S protein using surface plasmon resonance.
A strong correlation was observed between the affinity of each peptide for the S protein and its helix content, indicating
that helix formation plays a crucial role in peptide binding to the S protein. Using these results and in silico analysis, we
determined the positions for introducing unnatural a-amino acids and discovered peptides with higher helix content and
stronger binding affinity to the S protein than Aib-derived peptides. Further progress was achieved by introducing unnatural
a-amino acids with different structures and at multiple positions, resulting in enhanced binding affinity to the S protein.
Furthermore, assays conducted in COVID-19-infected cell lines confirmed antiviral activity of peptides containing
unnatural a-amino acids. This activity was not observed peptides derived from natural a-amino acids, demonstrating the
superiority of our original unnatural a-amino acids.

We evaluated the uptake activity into cell using CACO-2 cells and found that peptides containing unnatural a-amino
acids exhibited a significantly increased cellular uptake compared to peptides derived from natural a-amino acids. Since
we confirmed the enhanced cell membrane permeability effect of unnatural a-amino acids, next evaluated the inhibitory
activity of p53-MDM2 protein-protein interaction (PPI) in live cells. The peptides containing unnatural a-amino acids
significantly inhibited p53-MDM2 PPI in cells compared to natural peptides. Furthermore ,we found that metabolic stability
was significantly improved by unnatural a-amino acids.

In the development of PPI inhibitors related to heart failure, we utilized leucine scanning to optimize the positioning of
unnatural o-amino acids, leading to the discovery of peptides with high cell membrane permeability and PPI inhibitory
activity. We demonstrated that these peptides could suppress the atrophy of myocardial cells. Furthermore, to confirm their
effectiveness in vivo, we used a disease model mouse to evaluate improvements in muscle atrophy and muscle strength as
indicators. Through the evaluations using the disease model mouse, we confirmed that peptides containing unnatural o-

amino acids have promise as therapeutic agents targeting intracellular PPI for the treatment of heart failure.



We established an evaluation system for three receptors targeted by Substance P (SP) Through evaluating peptides with
shortened SP sequences, we clarified the importance of the N-terminal region of SP for the activity of MRGPRB2 and X2.
Additionally, we identified an SP analog that demonstrates NK 1 receptor inhibition without activating MRGPRX2.



