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Abstract of Thesis

Natural products possess diverse and generally three-dimensional structures that may play crucial roles in their
interactions with drug targets. Considering the scarcity of natural product bioactivity data in public databases,
multi-task learning (MTL) emerges as a valuable approach to enhance quantitative structure-activity
relationship (QSAR) prediction performance. This study aimed to enhance MTL by incorporating protein
evolutionary-relatedness metrics to improve the natural product bioactivity prediction when data are limited,
while also determining the conditions in which MTL achieves optimal performance. Using binary classification
filtering, a curated dataset of predicted natural products with bioactivity toward enzymes from ChEMBL was
constructed. Single-task learning (STL) was used as the baseline model, while feature-based MTL (FBMTL) was
trained on all proteins within each group. Instance-based MTL (IBMTL), which extends FBMTL, incorporated
protein evolutionary-relatedness metrics as additional features. The results indicated that IBMTL consistently
surpassed STL and FBMTL in most protein groups, highlighting the benefit of including protein evolutionary
relatedness. Significant improvements were observed in the kinase and cytochrome P450 groups, where proteins
are categorized into specific levels within ChEMBL’s six-level protein classification. Within the kinase group,
IBMTL achieved its best performance at the target parent level, suggesting a trade-off between dataset size and
protein evolutionary relatedness. Overall, these findings demonstrate that integrating protein evolutionary
information into MTL is a valuable strategy for natural-product drug discovery, even under data-limited

conditions.
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