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Unveiling Small Molecules Targeting CAG Trinucleotide Repeats:
from Molecular Design to in—sil/ico Approaches
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CAG repeats are the cause in a certain neurodegenerative diseases. This thesis centers around investigating
small molecules targeting the CAG repeats, offering a potential avenue for therapeutic intervention. Chapter I
starts from the molecular design, and Chapters II-1V are collaborate with in-silico machine learning techniques,
including a classification task on the random forest algorithm (Chapter II), an analysis using clustering

methodologies (Chapter III), and the classification task based on deep learning (Chapter I'V).

Chapter I

In this chapter, a dimer of NA, DoNA was developed. Affinity assays including surface plasmon resonance (SPR),
CSI-TOF MS, and UV melting were used to show DoNA’s selective binding to CAG repeat RNAs. We further
figured out that the binding of DoNA to A-A mismatch depends on the positions where the A-A mismatch locates.
In-silico analysis including MD simulation and conformational search suggested that the positions involving a higher
flexibility in conformation is likely essential. This study will give a new potential molecular probe for CAG repeat

diseases and an insight into the molecular design of RNA-binding small molecule ligands.

Chapter 1I
In this chapter, we used a machine learning algorithm called random forest to classify a set of molecules and obtain
a prediction accuracy above 80%. Those predictions were done under the given over 5000 molecule descriptors and

hope to be applied to a broader field of drug discovery, such as the focused library generation.

Chapter 111
In this chapter, we have developed a clustering-based approach for grouping SPR sensorgrams to identify potential
hit compounds. Our method successfully distinguished 220 hits from all 2000 samples targeting CAG repeat DNA.

The separation of the hit cluster could be visualized in low-dimension spaces.

Chapter IV

In this chapter, we use graph convolutional neural networks (GCNNs), a deep learning technique, for predicting
small molecules that target CAG repeat DNA. In the case of deep learning, confronted with a common problem of
a limited dataset in the field of biochemisty, an augmentation strategy which amplify the molecular dataset by

generating additional conformations was included. Those results could be inspiring for future studies.
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