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Study of drug design based on conformationally constrained peptide libraries
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Today, two methods of drug development for molecular targeting therapy are available, structure-based drug design
(SBDD) and combinatorial chemistry and high-throughput screening (CC & HTS), as shown in Fig.1. In SBDD,
molecular targeting drugs are designed based on structural information of disease-related proteins, but the structures are
not always available. On the other hand, CC & HTS require no structural information of the targeted proteins, but a
huge library of druggable small compounds and expensive screening machines for HTS. The researchers devote most
of their time and effort in the drug design, which still remains a challenge. Herein, we propose a new method for drug
design for molecular-targeting small compounds by combing directed evolution and peptide engineering. A cell surface-
displayed library of our original helix-loop-helix (HLH) peptides was screened against disease-related proteins to obtain
peptides with biological activity (Fig. 2). The molecular targeting HLH peptides have a rigid three-dimensional structure,
which makes it easy to determine the spatial arrangement of the binding active amino acids (pharmacophore). Since the HLH
peptide folds by virtue of the interactions between the amino acid residues positioned inside the molecule, the outside
solvent-exposed residues are possible to be mutated with a variety of amino acids to give a library of the helix-loop-
helix peptides.

This method consists of four research steps: (1) Generation of molecular targeting HLH peptides by cell surface-displayed
library method, (2) Confirmation of the binding activity, stability, and biological activity of molecular target HLH peptides,
(3) Determination of the 3D structure of active amino acid residues (pharmacophore) from the 3D structure of molecular
target HLH peptides, and (4) Design and synthesis of molecular targeting small compounds based on the 3D structural

information.

(1) Generation of molecular targeting HLH peptides: We screened our peptide libraries for a disease-related proteins to

successfully obtain the molecular-targeting HLH peptides.

(2) Confirmation of the binding activity, stability, and biological activity: The surface plasmon resonance (SPR) showed a
strong binding activity to the disease-related proteins. The HLH peptide showed a strong inhibitory activity against the cell

proliferation.

(3) Determination of the 3D structure of active amino acid residues (pharmacophore): The X-ray structure complexed with
the receptor was analyzed. We succeeded in obtaining the 3D structure of the pharmacophore with high accuracy by

performing the saturation mutagenesis.

(4) Design and synthesis of molecular targeting small compounds: Using the 3D structure of the pharmacophore, a virtual
screening was performed to select 110 candidate small molecule compounds. The binding assay using SPR method revealed
that 15 compounds showed activity. Finally, we evaluated the inhibitory activity against the cell proliferation, and found that

10 compounds showed remarkable inhibitory activity.

In this work, we succeeded in developing a new method of drug design for molecular-targeting small compounds based on
3D structural information of pharmacophores in the molecular-targeting HLH peptides screened from our original cell surface-

displayed libraries.



