
Host-microbiome co-metabolism refers to the intricate biochemical 
interplay between a host organism and its resident microbiota, wherein 
both parties contribute to and depend on shared metabolic processes. This 
symbiotic relationship significantly influences the health and disease states 
of the host, impacting various physiological systems including digestion, 
immunity, and even behavior. Understanding these co-metabolic 
pathways opens avenues for novel therapeutic interventions aimed at 
modulating the microbiome to improve host health or enhance drug 
efficancy.

To decipher the metabolic space of the human genome and the gut 
microbiome, we carried out several analyses by leveraging 
chemoinformatic predictions, omics integration in large-scale human 
cohorts, and in vitro models that aim to mimic the microbe-gut-liver axis in 
metabolic regulation. Firstly, we performed systematic association 
analyses on human genetics, the gut microbiome, and diet on plasma 
metabolites in a human cohort, including over 1,200 metabolites from 
untargeted metabolic profiling and some focused studies on bile acids and 
TMAO, whose productions involve both human and microbial enzymes. 
We also identified novel bile acid isoforms that can antagonize the host 
androgen receptor and drive anti-tumor immunity. Secondly, we 
developed the MicrobeRX pipeline, an enzyme-based metabolites 
prediction tool. This tool involved combining 13,540 enzymatic reactions 
from the human genome with 8,638 unique microbial reactions from 6,286 
microbial strain-solved genome-scale metabolic models. We applied 
MicrobeRX predictions to all 1,083 FDA-approved, orally administered 
drugs contained in DrugBank and identified over 10,000 metabolites 
resulting from biotransformation by human and microbial enzymes. 
Finally, my group is devoted to constructing a hiPSC-based liver-on-a-chip 
model, which will be further linked to a hiPSC-based gut-on-a-chip and 
co-culture of gut microbes to mimic metabolic interactions.
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