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The Microbiome i ouri Ot b 8dlf

ASite-specific microbial communities residing in and on all
free-living multi-cellular organisms

AFecal microbiota harbors >1012 bacteria/gram,
outnumbering somatic cells by up to 10:1

AFecal microbiota harbors over 3 million unique gene
sequences, outnumbering host genes by 100:1

AHigth dynamic populations comprising bacteria,
archaea, viruses, fungi, protists, and multicellular
parasites
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The Human Body is an Extended Community

Awe are a composite of:
Human Genome

Bacteria Human Microbiome acaliNEIIS
Archaea >3,000,000 genes

Eukaryotes

Viruses

A ... and human cells

A 100 trillion cells total:
10% are human
Most are bacterial
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Medicine: the Pharmaco-metagenomic Approach
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A Metagenomic View of Xenobiotic Biotransformation

Direct mechanisms Indirect mechanisms
Prodrug fictive Drug or metabolite Gut microbiota Host metabolites
metabolite
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Microbial metabolites Microbiota-modified

host metabolites

Active Inactive Toxic Antimicrobial Selective ‘
metabolite metabolite metabolite bacterial ‘
growth Altered host xenobiotic metabolism

Spanogiannopouloset al., 2016 Nature Reviews
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Julia Cui and Cindy Li, 2016 Comprehensive Toxicology 3rd Edition
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Compositional differences belie common function

a Phyla

b Metabolic pathways
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Central carbohydrate metabolism

Cofactor and vitamin biosynthesis
Ofigosaccharide and polyol transport system
Purine metabolism

ATP synthesis

Phosphate and amino acid transport system
Aminoacyl tRNA

Pyrimidine metabolism

Ribosome

Aromatic amino acid metabolism

Huttenhower et al. 2012 Nature 486: 207-214
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Associations with Gl conditions

Table 1 Intestinal microbiota-associated diseases, syndromes, or other aberrations, with summaries of multiple
studies that support an association between the microbiota and the indicated aberration.

Aberration Most relevant observations and References
potential correlation

Crohn’s disease Diversity decrease — reduced F. prausnitzii Kaser et al. 2010°'; Sokol et al. 2009°%;
Willing et al. 2010

Ulcerative colitis Diversity decrease — reduced A. muciniphila Png et al. 2010°%; Kaser et al. 2010°';
Lepage et al. 2011%*

Irritable bowel Global signatures — increased Dorea and Salonen et al. 2010%; Saulnier et al. 2011°;

syndrome Ruminococcus Rajili¢-Stojanovic et al. 2011"
Clostridium difficile Strong diversity decrease — presence of C. difficile Grehan et al. 2010%”; Khoruts et al. 2010°®
infection
Colorectal cancer Variation in Bacteroides spp. — increased Sobhani et al. 2011°% Wang et al. 2012%;
fusobacteria Marchesi et al. 2011¢'

Allergy/atopy Altered diversity — specific signatures Stsepetova et al. 2007%; Bisgaard et al.
2011%; Storro et al. 2011%

Celiac disease Altered composition, notably in small intestine Nistal et al. 2012%; Di Cagno et al. 2011%;
Kalliomaki et al. 2012

Type 1 diabetes Signature differences Vaarela 2011%; Giongo et al. 2011%; Brown
etal. 20117°

Type 2 diabetes Signature differences Larssen et al. 2010”"; Wu et al. 20107%;
Kootte et al. 20127

Obesity Specific bacterial ratios (Bacteroidetes/Firmicutes) Ley et al. 2006’*; Turnbaugh et al. 2009';

Musso et al. 20117

de Vosand de Vos 2012 Nutr Rev 70(suppl 1): S45S56
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Associations with extra-Gl conditions

de Vosand de Vos 2012 Nutr Rev 70(suppl 1): S45S56
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