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> During the neonatal period, human gut microbiota is high in Lactobacillus, 

Bifidobacterium, Staphylococcus, and Enterococcus genera (Kundu et al. 

2017, Cell). 

> Adult gut microbiota composition was high in the phylum Firmicutes with 

increases in Proteobacteria and Bacteroidetes after age 70 (Odamaki et al., 

2016, BMC Microbiol). 

 

 

 

 

 

 
 

 

> Knowing the core microbiota during development may help improve chronic 

diseases associated with the gut microbiota. 

Gut microbiota and development 

Modified from Kundu et al. (2017) Cell Yatsunenko et al. (2012) Nature 
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Gut microbiota and host diseases 
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> Gut microbiome is associated with health and human disease, but there is 

limited research on how the developing gut microbiome may contribute to 

xenobiotic metabolism and disease risk. 



Central hypothesis 
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> Age-dependent gut microbiome modulates the 

metabolome within the gut-liver axis, altering the 

expression and function of xenobiotic 

processing genes. 



Collect tissues at days: 

Conventional (CV) 

and germ-free (GF) 

male and female 

C57BL/6 

1 5 10 15 25 60 120 

Neonate Young 

adolescent 
Adult 

Multi-omics 

approach 

16S rDNA sequencing of 

large intestine (Qiime 1.9.1 

and 2.0; PICRUSt; FishTaco) 

Liver transcriptomics 

(RNA-Seq; STAR aligner 

v2.5.2b to mm10 

gencodeV11 and cufflinks) 

Targeted metabolomics 

of liver (UPLC-MS/MS; 

bile acids and aqueous 

metabolites) 

Liver targeted 

quantitative proteomics 

and activity-based 

proteomics (LC-MS)  

Experimental Designs 
I. Mice 

II. Humans 

Å In collaboration with Dr. Sheela Sathyanarayana at Seattle Childrenôs Hospital, 60 healthy 

pediatric human subjects recruited at 4 developmental age groups for fresh fecal 

microbiome collection Ą metagenomics and metabolomics 
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> Alpha diversity is highest at Day 1, lowest at early developmental ages, and 

then increases through adulthood. 

> For species heterogeneity (ɓ-diversity), there are 4 distinct clusters, 

separating pre-weaning ages and adults. 

Gut microbiota diversity increases through adulthood 
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Ontogeny of mouse gut microbiota 
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BAs in the gut-liver axis 

 

Secondary BAs 
Modified from Wahlstr m et al. (2016) Cell Metabolism 9 

CA MCAs CDCA 

Conjugation with taurine and glycine 

T-CA T-CDCA 

> Bile acids are endogenous 

detergents and signaling 

molecules that regulate lipid 

and glucose homeostasis, 

energy expenditure, 

inflammation, bacterial 

proliferation and 

gastrointestinal motility. 
 

> Gut microbiota produces 

secondary bile acids from 

primary bile acids, which are 

synthesized from cholesterol 

in the liver. 

Primary BAs  
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Top 5 most abundant unconjugated 2Á BAs in LI:  
1. DCA 

2. ɤMCA 

3. 3Ŭ-OH-12keto-LCA 

4.  8(14),(5ɓ)-Cholenic Acid-3Ŭ,12Ŭ-diol 

5. LCA 

Top 2 most abundant  conjugated 1Á BAs in LI 
(others are minimally present) 
 

a. T-ŬMCA 

b. T-CA 
 

BA concentrations are correlated (Pearson) with distinct bacteria in large intestine 
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BAs and bacteria in large intestine of Cluster 1 
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> BA-metabolizing bacteria from Cluster 1 increase with age, corresponding to 

the increase in secondary BAs. 



> The xenobiotic-sensing nuclear receptor PXR modulates the expression of 

xenobiotic metabolizing genes. 

> PXR is known to be endogenously activated by the secondary bile acid LCA. 

 

Xenobiotic metabolism and PXR 

12 
Modified from Kakizaki et al., 2011, 

Front Biosci 

Staudinger et al., 2001, Proc 

Natl Acad Sci USA Cyp3a 
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Age-specificity of secondary BAs between CV and GF 

mice in liver 
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Expression of important host xenobiotic biotransformation genes 

in liver is age- and gut microbiome-dependent 
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*  p < 0.05 by enterotype 
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> Phase 1 genes are the top differentially expressed xenobiotic 

processing genes in both males and females. 

> Male mice tend to have more differentially expressed than females. 

Gender- and age-specific differential expression of xenobiotic 

processing genes between CV and GF mice 
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Activity-based protein profiling (ABPP) to identify 

functionally active proteins 

16 
Modified from Sadler and Wright (2015) Curr Opin Chem Biol  



> Cyp3a11 RNA expression and ABP abundance are both markedly 

decreased by lack of gut microbiota. 

Fold change between Day 120 male CV and GF mice of detected 

cytochrome P450s (Cyps) using RNA expression and ABPP 
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> RNA expression and ABP abundance are both decreased by lack of gut 

microbiota for Gsta2, Gsta4, and Gstp1, and increased for Gstt2. 

Fold change between Day 120 male CV and GF mice of detected 

glutathione-S-transferases (Gsts) using RNA expression and ABPP 
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> There is an age- and gender-divergent regulation of gut microbiota in 

mice that in part determines the metabolome. 
 

> The gut microbiome contributes to the regulation of the transcriptome, 

which can also modulate the activity and detoxification capacity of 

xenobiotic biotransformation genes. 

Summary of the developmental regulation of the 

transcriptome and metabolome of the gut-liver axis 
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How does the gut microbiome and metabolome of fecal 

samples from human children compare? 



Scope of developing human fecal microbiome study 
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7-24 

months 
5-12 years 2-5 years 

1 week to 

6 months 

16S rDNA 

sequencing 
n=5 n=5 n=5 n=5 

Aqueous 

metabolites 
n=10 n=17 n=16 n=14 



Characterization of age-specific human fecal microbiome 
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Other Taxa (155)
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n=5 per group n=1 



Characterization of age-specific human fecal metabolites 
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