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Construction of a small molecule drug discovery platform based on aptamer information
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This research aims to develop a new approach for drug discovery by constructing a platform to create next-generation small
molecule drugs having both specificity and activity similar to biological medicines in order to make a "reverse paradigm shift"
to small molecule drugs from biopharmaceuticals. The discovery of small molecule inhibitors targeting membrane proteins
and protein-protein interactions (PPIs) is highly difficult. The main reason for this is extremely low probability of hit finding
due to the wide area of interaction sites between target and ligand proteins. Even though X-ray co-crystal structure information
of target proteins and very low affinity hit compounds are obtained, it will be very hard to optimize to lead compounds because
of the difficulty of preparing variety of derivatives. This research focuses on utilizing the properties of chemically
synthesizable aptamers for the design of small molecule drugs. This design strategy is unprecedented and highly original.
Through this research, we can accumulate knowledge of aptamer optimization and designing small molecule drugs based on
their functional analysis results.

First, we created artificial nucleic acid aptamers with antibody-equivalent activity. We screened the target-X, for which an
antibody drug has already been approved, using an artificial nucleic acid library containing a base-modified artificial nucleic
acid with an aromatic substituent at the 5-position of the thymidine and an improved screening method. As a result, we
succeeded in creating an artificial nucleic acid aptamer (Apt#1) that binds strongly to target-X (Kp: 0.51 nM) and inhibits the
PPI and the signal transduction of target-X/ligand-Y. Next, we developed a method for predicting the structure of artificial
nucleic acid aptamers. The secondary structure of Apt#1 was predicted using a combination of RNAfold and QGRS-Mapper.
By optimizing the structure of Apt#1 based on the prediction results, we succeeded in shortening the length to 17 nucleotides.
In addition, we predicted the higher-order structure of Apt#1 using a pipeline constructed by combining the prediction tools
for natural RNA structures. Furthermore, to support the aptamer structure prediction, we focused on the structure-selective
cleavage activity by nucleases and evaluated the changes in cleavage efficiency and position of the aptamer alone or in
complex with the target-X. This information was used to predict the higher-order structure of Apt#1 and Apt#l1/target-X
complex structure. Using the pharmacophores generated based on the modeled complex structures, we performed in silico
screening against compound libraries. Twenty-one compounds were selected considering overlap with features, solubility,
and availability. Finally, we evaluated the antagonist activity of the selected compounds using an in vitro reporter assay system.
As a result, we found one small molecule compound (L21) that showed antagonist activity in a pathway-specific and
concentration-dependent manner.

In this study, we succeeded in efficiently discovering a small molecule compound (L21) that specifically and concentration-
dependently inhibits signaling in the target-X/ligand-Y pathway by in silico screening using a pharmacophore created from
the modeled complex structures of the anti-target-X artificial nucleic acid aptamer (Apt#1) and target-X. As the next step, we

would like to improve the activity of L21 by optimizing the pharmacophore and expanding its structure.



