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K 4 ( Yusuke Takashima )

- Development of a novel method to search for binding target RNA motifs of small molecules
At SCREA

and Observation of nucleic acid-small molecule interactions by Single-Molecule Counting

Non—-coding RNAs are a new class of targets for drug discovery because they are involved in development
differentiation, oncogenesis, and various cellular processes and diseases. and their diverse roles
provide opportunities for targeting and modulating the functions with small molecules. However, the
development of small-molecule drugs targeting RNA remains a challenge, partly due to a limited
understanding of the small molecule—RNA interactions. In this paper, we aimed to obtain new information
on small molecule—RNA interactions. In Chapter 1, we developed a novel functional screening method to
comprehensively obtain RNA sequences that are targets of small molecules. In Chapter 2, we developed a
novel method to observe small molecule—nucleic acid correlations at the single—molecule scale

Chapter 1: Development of the Screening Method for Target RNA Motifs in Small Molecules using Dicer

Enzyme Cleavage

This chapter focused on the RNA-cleaving reaction with the enzyme Dicer that cleaves specific RNA sites
and RNA sequence analysis by next-generation sequencing (NGS). The enzyme Dicer cleaves precursor
microRNA (pre-miRNA) in a length-specific manner from the 5 end to produce miRNA (Figure la).

In this study, we have developed a novel method for discovering RNA motifs of potential targets for
drug molecules, based on the concept of small-molecule mediated regulation of miRNA maturation process
upon binding to the secondary structural motifs of pre—miRNA.

In this study, we used pre-miRNA_mutants_library, where the six bases of the Dicer cleavage site of
pre-miRNA were randomized, as a substrate (Fig. 1b). The Dicer reaction products obtained in the presence
or absence of our small molecules were sequenced using NGS to examine how the cleavage reactions of 4096
sequences in the library were affected. Upon verification, we found that NCD (Naphthyridine Carbamate
Dimer), significantly altered the number of reads (=cleavage efficiency) of multiple RNAs (13 out of
4096 sequences) containing specific sequences in the reaction system. In addition, the NCD effect was
confirmed by Dicer reaction and SPR binding evaluation of each identified sequence. Finally, we applied
this method to a small in-house library and demonstrated that each small molecule can identify the
sequence—structure of the target RNA motif. Our method can identify small molecule—RNA interactions that
can modulate the function of the target RNAs.
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Figure 1. Method for searching small molecule-binding RNA sequences using Dicer reaction.




Chapter 2: Observation of Nucleobase-Small molecule Interaction via Hydrogen Bonds by Single Molecule

Counting

Most drugs on the market target proteins; however, small-molecule drugs targeting DNA RNA have recently
been developed. To further develop small-molecule drugs, information on the interactions between the
drug ligands and base molecules is indispensable, determined by the base molecule-ligand binding
selectivity, and hydrogen bonding mode. However, these parameters in the solution are unknown at the
single-molecule level. In this chapter, we show that single—molecule counting based on combining single—
molecule electrical measurements and artificial intelligence (AI) can quantify the abovementioned
parameters (Figure 2a). By simply analyzing a mixed solution of a ligand and base molecules, the binding
selectivity of each of the five ligands to Guanine was quantitatively evaluated by the existence ratio
of the number of the aggregates (Fig. 2b). Additionally, single-molecule counting and quantum chemical
calculations showed that the mode and number of microscopic hydrogen bonds are ligand—dependent. Thus,
single-molecule counting provided quantitative information about the properties of the aggregate in the

solution without ligand incorporation into the DNA or RNA.
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Figure 2. (a)Observation of small molecule-nucleobase interactions by single molecule measurements. (b) Percentage of

small molecule-guanine aggregates present
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