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	Research Theme: Computational Biology; AI; MIcrobiology

	PhD Research Project Title: 
Predicting Interactions Between Human Receptors and Bacterial Metabolites via AI for New Drugs


	Scholarship category (Please indicate the source of funding for this project):
(a) SBS Research Student Scholarship (for SBS faculty only)

	Principal Investigator/Supervisor: Anni Zhang

	Co-supervisor/ Collaborator(s) (if any): 

	Project Description
a) Background: 
[bookmark: docs-internal-guid-3a086fea-7fff-aaba-46]Metabolites from human microbiomes play significant roles in modulating human health and disease by interacting with human cell membranes (Cohen et al. 2017). Notably, metabolites targeting G protein-coupled receptors (GPCRs), the largest class of human cell membrane receptors, have led to the development of numerous drugs, accounting for over one-third of currently available medications (Hauser et al. 2018). However, more than 100 GPCRs remain uncharacterized, with unknown binding ligands and unclear physiological functions (Wacker, Stevens and Roth 2017). Thus, a critical challenge remains: systematically identifying microbial metabolites that interact with these receptors and their effects on human physiology. Experimental approaches to screen these interactions, such as large-scale culture omics (Chen et al. 2019; Colosimo et al. 2019), are labor-intensive and limited by the diversity of bacteria that can currently be cultivated. While many computational tools have been designed to predict protein-ligand interaction for drug discovery, they predominantly rely on general databases and lack incorporation of and validation against microbiome-human interactions (Liu et al. 2020; Wang et al. 2021). A few studies have been dedicated to bacterial ligands interacting with human receptors, yet they often prioritize metabolites associated with specific diseases, such as Alzheimer's and inflammatory bowel disease (Nuzzo et al. 2021; Qiu et al. 2022), because they rely on disease-specific multi-omics datasets. Thus, there exists a critical need to design novel computational methods that effectively predict the binding interaction between bacterial metabolites and human membrane receptors. In the absence of such methods, designing new drugs that target the “pharmacologically dark” human receptors remains a formidable challenge.

b) Proposed work:

[bookmark: docs-internal-guid-402e83a4-7fff-c543-54]Our long-term goal is to harness bacteria bugs as living drugs guided by AI computation to maintain human health. Our overall objective in this proposal is to design computational methods to predict binding affinity between human membrane receptors across various cell types and metabolites from diverse human microbiomes. Our central hypothesis is that AI models, such as language models and deep learning methods, allow accurate prediction of binding affinity between human membrane receptors and microbial metabolites, especially under-characterized ones with limited prior knowledge. We have based our central hypothesis upon previous work:
1. An AI model that integrates network-based sampling strategies with unsupervised pre-training exhibits the capacity to accurately generalize to unseen proteins and ligands, achieving an Area Under the Receiver Operating Characteristics of 0.75 ± 0.032 and an Area Under the Precision Recall Curve of 0.718 ± 0.029 (Chatterjee et al. 2023).
2. A deep learning model employing an encoder-decoder architecture accurately predicts drug-target interactions, outperforming existing tools with a Mean Square Error ranging from 0.178 to 0.282 (Huang et al. 2020).
3. A study using the deep learning model trained on protein and ligand sequences outperformed traditional methods in predicting protein–ligand binding affinity, achieving a strong correlation (R = 0.789) between predicted and experimentally measured values (Wang et al. 2021).
4. Fine-tuning pretrained language models on protein-ligand binding datasets resulted in high predictive accuracy for binding affinity (correlation R ranging from 0.722-0.737 between the predicted and experimental data) (Zhang et al. 2023). 

c) Preferred skills: 
A curiosity about microbes; 
An interest in coding; 
A dedication to research



	Supervisor contact:
If you have questions regarding this project, please email the Principal Investigator: anni.zhang@ntu.edu.sg


	SBS contact and how to apply:
Associate Chair-Biological Sciences (Graduate Studies) : AC-SBS-GS@ntu.edu.sg 
Please apply at the following: 
Application portal: https://venus.wis.ntu.edu.sg/GOAL/OnlineApplicationModule/frmOnlineApplication.ASPX
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