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Exploring small molecule regulation of cytosine deaminase efficiency on DNA repeat sequences
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Abstract of Thesis

First, we elucidate the fundamental characteristics of repeat expansion disorders and common trinucleotide
repeat diseases. It then focuses on the molecular mechanisms underlying these disorders, detailing the
formation of slippage DNA and its role in repeat sequence expansion. Subsequently, the chapter transitions
to the exploration of therapeutic strategies for repeat sequences. It introduces small-molecule drugs capable
of binding to repeat sequences, followed by a discussion on cytosine deamination methods frequently encountered

in repeat sequences. A detailed examination of research on APOBEC deaminases is also included

Nest we introduce research on the catalytic substrate screening of APOBEC3A. For known repeat expansion
disorders, it is necessary to identify hotspot sequences that can be deaminated by APOBEC3A for further studies.
A DNA cleavage assay was designed, where DNA substrates catalyzed by APOBEC3A undergo cleavage, allowing the
detection of products. It was further discovered that both CCG and TC motifs are excellent substrates for
APOBEC3A. These experiments provide a theoretical foundation for subsequent studies involving small molecules

binding to repeat sequences

Third, we conducted qualitative experiments on the deamination products of CCG repeat sequences. Small-molecule
drugs were included in the experiments to assess their impact on deamination efficiency. First, we designed
a time—course experiment to monitor the progress of APOBEC3A-catalyzed deamination of CCG repeat sequences
over time. Next, we performed concentration—dependency experiments by introducing small molecules at varying
concentrations to explore whether changes in small molecule concentration influence the deamination efficiency

of CCG repeat sequences

Additionally, the DNA used in these experiments was designed to form either hairpin structures in
single-stranded states or slippage structures in double—stranded states. Starting with single—-stranded DNA,
we investigated deamination under simplified structural conditions. Subsequently, more complex
double—stranded DNA experiments were designed to evaluate the feasibility of repeat sequence deamination under

biologically relevant conditions where complementary strands are present

We designed qualitative experiments on the deamination products of TTCCA repeat sequences. New small molecule
compounds were used to test their effects on APOBEC3A-mediated deamination. Similarly, we designed time—course
experiments and concentration—dependency experiments for TTCCA repeat sequences. Additionally, deamination
experiments were performed on TTCCA repeat sequences in both single—-stranded DNA and double—stranded DNA

states. The aim was to evaluate the feasibility of deaminating TTCCA repeat sequences

Finally, we carried out qualitative experiments to analyze the deamination products of TTTCA repeat sequences
Small molecule compounds were employed to investigate their impact on APOBEC3A-mediated deamination. Here
we designed time—course experiments and concentration—dependency experiments for TTTCA repeat sequences. The

goal was to evaluate the feasibility of deaminating TTTCA repeat sequences under these conditions.
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