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[Purpose and Background of the Research]

The ultimate goal of this project is to establish an
empirical guidance how membrane permeable mid-sized
molecules on the basis of macrocyclic peptides and pseud-
natural products could be discovered and developed. The
RaPID (Random non-standard Peptides Integrated
Discovery) system devised by this Pl revolutionized the
discovery process of de novo bioactive “nonstandard”
macrocyclic peptides that are peptidase-resistance, potent
binding to target proteins in the order of nM—pM range, and
occasionally cell membrane permeable; however, it has yet
a remaining issue of the reliability to devise the highly cell
membrane and small intestine permeable, i.e. oral available,
molecules. To establish the guidance for devising such
mid-sized molecules, similar to “Lipinski’s rule of five”,
two critical experimental data must be accumulated. First,
we need to have a method to reasonably predict the cell
membrane permeability and ideally also small intestine
permeability. Second, to establish such a method, we need
to have more examples for cell membrane permeable and
non-permeable peptides where their structures are
somewhat similar.

[Research Methods]
The PI has proposed four specific aims that challenge the
remaining issues of this topic as follows.
(D Establishing the empirical guidance of membrane
permeable peptides and pseudo-natural products
@ RaPID display of cyclic -, cyclic y-, and unsaturated
cyclic amino acids-containing (exotic) peptide
libraries and selection of active species
@ RaPID display of pseudo-natural products generated
by post-translational modifying enzymes and selection
of active species
@ Studies on cell membrane and Caco-2 permeability of
exotic peptides and pseudo-natural products
We will design and execute the experiments based on the
above specific aims, and challenge the unsolved issues.

[ Expected Research Achievements and

Scientific Significance]

This project will be executed by a feedback cycle of
experimental plans as follows: We execute the specific aim
(1) based on our currently available cell membrane

permeable and non-permeable peptides; execute the
specific aims (2) and (3) to build “smart” libraries to
obtain potent binders against intracellular target proteins
of interest; and test them for cell membrane permeabilities
in the specific aim (4); the data will be feedback to the
specific aim (1) to increase our knowledge of structure-
activity relationships, and the knowledge will be fed to the
design of “smarter” libraries of (2) and (3), followed by
(#) including small intestine permeability of active species.
We expect that such collective data and knowledge will
lead us to a useful guidance and possibly “a rule” for
accessing desired mid-sized molecules faster and more
reliably.
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