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Abstract of Thesis

Nucleotide Repeat Diseases are a group of genetic disorders characterized by the non-canonical expansion of
particular nucleotide sequence, that most of it are manifested into neurodegenerative or muscular disorder. The
pathological mechanism of nucleotide repeat disease depends on the specific sequence within repeat unit and the
gene in which it is located. The mechanism can be categorized into three molecular level: genome level,
transcriptome level and proteome level. Amongst those classifications, the genome level is considered the most
important aspect, as all of the manifested diseases originate from it. Hence, the development of therapeutic strategies
targeted at mitigating the underlying causes of Nucleotide Repeat Diseases at the genomic level is of utmost
importance. This entails preventing the expansion of nucleotide repeat sequences, which is a critical aspect in
managing these disorders effectively.

One of the genome-level therapeutic strategies developed involves targeting specific metastable structures frequently
observed in repeat sequences using small molecules. In our laboratory, we have rationally designed a small molecule
called Naphthyridine Azaquinolone (NA) with the specific aim of targeting hairpin structures bearing
guanine-adenine mismatches in CAG repeat sequences. Previous reports have shown that NA is capable of inducing
contraction of CAG repeats in mouse brain cells. However, the exact mechanism through which NA achieves this
effect requires further investigation, as several aspects of it remain unclear. This research aims to gain insights into
the mechanism by which NA induces contraction. Specifically, we focus on two aspects: first, how NA interacts with
Base Excision Repair (BER) enzymes involved in repeat instability, and second, whether NA can bind to the hairpin
structures formed in transcribed repeat sequences. Additionally, we also investigate another small molecule called
Naphthyridine Carbamate Dimer (NCD), which has the ability to bind to the guanine-guanine mismatches occurring
in CGQG repeat hairpins.

In Chapter 2, our results demonstrate that both Naphthyridine Carbamate Dimer (NCD) and Naphthyridine
Azaquinolone (NA) can inhibit the activity of Base Excision Repair (BER) enzymes, including UNG2, hSMUGI,
and APE1. We thoroughly investigate the inhibition effect, examining aspects such as time-course activity and
concentration dependency. The key finding is that NCD and NA can also bind to uracil-bearing triads, expanding
their substrate range and broadening their role in regulating repeat instability by disrupting BER processes. In
Chapter 3, our findings reveal that NA induces the formation of R-loop structures through its complex formation with
CAG hairpins during transcription. The enzymatic assays we performed further provide indirect evidence of NA's
ability to form complexes with CAG hairpins in the transcription process. These results contribute to a
comprehensive understanding of how NA functions in the cell to induce CAG repeat contraction, which is crucial for
the development of small molecule-based nucleic acid therapeutic strategies.
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