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Most small molecule drugs target enzymes, receptors, channels, and transporters, which are considered “druggable” targets.
To target other molecules, macromolecular drugs such as antibodies and nucleic acids are developed, but these
macromolecules are basically unable to enter cells. More generally, protein-protein interactions (PPIs) have been intensively
studied as targets for intracellular small molecule drugs, and more recently, mRNAs, the template for protein synthesis, have
also attracted attention as a target for small molecular drugs. Since mRNA functions are usually exhibited by the binding of
intracellular proteins, RNA-protein interactions (RPIs), like PPIs, are expected to become new drug targets and there is a
growing need for a new assay system. Therefore, this project developed a cell-based assay system that can evaluate RPIs itself

as well as evaluate and screen RPI inhibitors.

Even though RNA viral infections represent most emerging and re-emerging infectious diseases and pose a high threat to
humanity, only a few drugs have been developed to date to treat viral infections. Since RPIs are essential for RNA viral
replication, they are expected to be a target for new RNA viral drugs. Among RNA viruses, this project focused on Human
respiratory syncytial virus (RSV), which has a very large number of cases of infection and is particularly problematic in

infants and the elderly, as a target for drug discovery.

Development of a technique to explore RPIs using budding yeast cells

Using the RPI sensor, which evaluates one-to-one interactions between a specific RNA and a specific protein, as a seed
technology, this project developed a technique to evaluate one-to-many interactions between a specific viral protein and a
fragment of viral genomic RNA in 96-well plate format. Then, the interactions between a tiling library of RSV genome and
RSV N, M, or M2-1 proteins, which have been reported to bind to RNA, were comprehensively evaluated. In addition, target
RNA sequences of these proteins were positively screened from a pool of RNA fragment composed of an expanded tiling
library and randomized RNA library. Through these experiments, this project obtained a consensus RNA fragment to which
RSV M2-1 protein specifical binds.

Development of a technique to evaluate RPIs using human cultured cells

To conduct compound screening, this project developed a cell-based assay system using human cultured cells based on the
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seeds technology using yeast cells. Human cultured floating cells were used to simplify the experimental procedures for the
compound screening and to reduce the variability of detection signals. Even if the three genes required for the system were
simply expressed in human cultured floating cells, RPI could not be detected. Then, expression vector systems and gene
transfer methods were investigated, and finally a cell-based assay system for evaluating RPI was successfully transferred from

budding yeast to human cultured floating cells.

Compound screening for RPI inhibitors using a cell-based assay system

Combining two technical developments described above, an assay cell line was constructed to evaluate RSV MS2-1 protein
and its target RNA. Using 384-well plates with DMSO dispensed throughout instead of compound, the experimental protocol
for compound screening from frozen stock to assay was evaluated and optimized to reduce variation in detection signals.
Compound screening was then conducted using a public library of approximately 36,000 compounds. Consequently, as
primary hit compounds, 480 were subjected to the reproductivity testing and then 46 were subjected to dose-dependency
testing and counter assays. No compound inhibited only the RPI of RSV, but 11 compounds showed stronger inhibition of the
RPI of RSV than the RPI of the counter assay. These included three compounds with a common chemical structure, suggesting

the effectiveness of the compound screening system.
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