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Overview/State of the Science on 

Microbiota, Diet & Dietary Patterns



• Comprised of Bacteria, Viruses, others 
(Archaea, Eukaryotes)

• Distinctive microbiomes at each body site 
(gut, lung, skin, mucosa etc.)

The Gut Microbiota
• Human gut is home to ~ 100 trillion bacterial 

cells

• Density of 1011 to 1012 per gram in the colon

• Large numbers of species present, many 
uncultured

Nat. Rev. Micro.  2011;9:279-290

The Human Microbiome



Diabetes: Type 1 DM (MyD88-dependent in NOD Mice); Type 2 DM (TLR4 and TLR5 KOs)   

Colon Cancer: Enterotoxigenic Bacteroides fragilis and Fusobacterium

Atherosclerosis: Oral, gut and plaque microbiota; Microbial metabolism of choline to TMA  

Inflammatory Bowel Disease: Dysbiosis

Asthma: Sanitized environment



Human Intervention 

Studies

Novel Therapeutics 

and Diagnostics
Next generation pre-, pro-, 

synbiotics

Animal Models

(functional data)

Human Association 

Studies

PennCHOPMicrobiome

Program
• Relevance to human biology is c/w with 

the mission of Penn Med and CHOP

• High profile opportunities in the 

scientific community

• Many available opportunities in a 

relatively open space (FTO)

• Track record of accomplishment 

established within the gut microbiome

group

• Growing opportunities at the NIH for 

funding

• Opportunities in industry, federal 

agencies and private foundations with 

disease orientation

FMT for C. Difficile Infection

Past/Current 

Status of the 

field: “Safe” 
traditional view 

supported by 

federal funding

Future status of the 

field: Higher risk but 

higher reward. 

Future NIH funding 

opportunities.
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Agenda

Diet and the Gut Microbiome and its Metabolome in Health and 
Disease 

Diet and the Gut Microbiome: Of Mice and Men

Dietary Fiber, the Gut Microbiota, and the Intestinal Mucosal Barrier



• Humans are poorly adherent to 

standardized dietary regimes

• Current tools to characterize dietary 

composition and intake are imperfect

• The reciprocal nature of dietary composition 

to maintain isocaloric consumption make it 

difficult to determine the factor responsible 

for an observed outcome

• Diet can have profound impacts on host 

biology independent of the gut microbiota

• Both intensive controlled feeding 

experiments and large outpatient cohort 

studies are expensive and challenging to 

complete

Challenges in characterizing the effects 
of diet on the human gut microbiome

The utility of animal models in 
studying the interaction between diet 

and the gut microbiome

• Tight control of defined diets over long 

periods of time

•Multiple biological replicates feasible

•Germ-free animals can be used to examine 

the effect of diet independent of the gut 

microbiome

•Defined microbial consortia or complete 

human gut microbiota studies can be 

performed in gnotobiotic animals

•Cause-and-effect relationships involving diet 

and the gut microbiota can be determined

But, do =
?



Extreme and Consistent Effect of the Diet on the 

Murine Gut Microbiota vs. Small Effects in Humans

Hidebrandt MA et al. Gastroenterology 2009

Controlled Feeding Experiment: CAFÉ
Wu et al. Science 2011;334:105-8

• 10 Healthy volunteers

• Randomized to high fat vs. low fat diet

• 10 day inpatient stay with same meals each day

• Daily stool sample collection

Gut 2016
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Host-Microbial Mutualism the Gut

Host benefits to bacteria
•Provides a unique niche 

•Intestinal mucus provides a source of nutrition

Bacteria benefits the host
•Fermentation of indigestible carbohydrates and the production of SCFAs

•Biotransformation of conjugated bile acids

•Urease activity participates in nitrogen balance

•Synthesis of certain vitamins

•Metabolize drugs

•Education of the mucosal immune system 



How Do Bacteria Digest Complex Carbohydrates for Fermentation?

• 130 families of glycoside hydrolases (GH), 

22 polysaccharide lysases (PL), and 16 

carhohydrate esterases (CE)

• High proportion of these are encoded in 

microbial genomes: Carbohydrate-active 

enzymes (CAZymes)



Mahesh S. Desai,  Anna M. Seekatz,  Nicole M. Koropatkin,  Nobuhiko Kamada,  Christina A. Hickey,  Mathis Wolter,  Nicholas A. 

Pudlo,  Sho Kitamoto,  Nicolas Terrapon,  Arnaud Muller,  Vincent B. Young,  Bernard Henrissat,  Paul Wilmes...

A Dietary Fiber-Deprived Gut Microbiota Degrades the Colonic Mucus Barrier and Enhances Pathogen Susceptibility

Volume 167, Issue 5, 2016, 1339–1353

Dietary Fiber and the Intestinal Mucus Barrier
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Dietary Effects on Human Gut 

Microbiome and its Association 

with Disease

•Individuals with marked obesity, insulin resistance, 

dyslipidemia, and inflammatory phenotype have 

low bacterial richness

•Increased consumption of an agrarian diet, rich in 

fruits and vegetables with higher fiber, is associated 

with increased bacterial gene richness

•Energy-restricted diets increase bacterial gene 

richness

Wu et al. Science 2011;334:105-8

Decrease gut microbiome “richness” (decreased 
number of various bacteria and their genes) is 

associated with both disease states and the 

consumption of a Westernized diet

Bacteroides Prevotella



Bacteroides

Prevotella

Bacteroides Prevotella

PNAS 2010;107:14691–14696

European African



Personalizing Reponses to Diet Using the Gut Microbiome



Diet, the Gut Microbiome, and its Metabolome

Holmes et al. Cell Met. 2012;16:559

How are plasma metabolites in humans 
influenced by the gut microbiome via diet?



Wang et al. Nature. 2011;472:57-63

Effect of Diet on Metabolite Production by the 

Gut Microbiota and its Impact on Disease





Food And Resulting Microbial Metabolites 

(FARMM)

Objective: Determine the relation between dietary composition, gut 

microbiome composition, and the metabolic products that 

ultimately are present in the gut lumen and the plasma of humans

Vegans

Omnivores

EEN

Gut Microbiome Metabolome



Antibiotics

Manuscript in preparation
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• Shotgun metagenomic

sequencing

• Fecal and plasma 

metabolomics

• Immune profiling of 

LPMC



Composition of the Gut Microbiota in FARMM
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Patterns of Fecal Metabolites Over Time in FARMM
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The Bidirectionality of Gut Microbiome Investigation

•Defined environmental conditions

•Defined genetics

•Monotonous diet

High signal-to-noise ratio

Proof-of-concept cause-and-effect 

relationships in a modest sized cohort

BUT

Small effect sizes over large populations 

can be highly impactful: Clean water, 

vaccinations, healthy diet

•Free living in a highly variable 

environment

•Genetic diversity

•Variable diet

Low signal-to-noise ratio

Embracing the complexity of human biology through the use of high dimensional analytic 
technologies together with advanced computational and biostatistical platforms



A Comparison of Diet Between Omnivores and Vegans

A Comparison of the Plasma Metabolome 

Between Omnivores and Vegans

The Urinary Metabolome

Predicting an Omnivore vs. Vegan 

Diet by Random Forest 

The Plasma and Urinary Metabolome as a Biomarker of Diet

Wu, G.D. Gut 2016
Produced by 
the microbiota=





*Co-Principal Investigators
DNA sequencing, data analysis, and 

mathematical modeling
*Frederic D. Bushman, PhD (Penn)

Hongzhe Li, PhD (Penn)

“Penn Intestinal Microbiome Project Group”

Patient/subject recruitment and 
phenotyping, dietary assessment, 
sample collection and processing 

*Gary D. Wu, MD (Penn)

*James D. Lewis, MD (Penn)

Robert Baldassano, MD (CHOP)

The Joint Penn-CHOP Center for 
Digestive, Liver, and Pancreatic Medicine

Center for Molecular Studies in 
Digestive and Liver Diseases 

(P30 DK050306)

Jun Chen, Sam Minot, Serena Dollive, Eric Chen, Christian Hoffmann, Ying-Yu Chen, Jennifer Hwang, Erin 

Gilroy, Kernika Gupta, Lisa Nessel, Lindsey Albenberg, Judith Kelsen, Colleen Judge, Christel Chehoud, David 

Shen, Rohini Sinha, David Metz, Tatiana Esipova, Susan Parrott, Elliot Friedman, Josie Ni, Sarah Smith, Lillian 

Chau, Erika Panfen, Andrew Lin, Sarah Smith, Jack Jiang, Yun Li

Charlene Compher, PhD, RD (Penn)

Metabolomics
Michael Bennett, PhD (CHOP)

Marc Yudkoff, MD (CHOP)

Biological Oxymetry
Sergei Vinogradov, PhD (Penn)

MICROBIOME PROGRAM

PennCHOP

Microbiology
Mark Goulian, PhD (Penn)

Jay Zhu, PhD (Penn)

Kyle Bittinger, PhD (CHOP)

Clary Clish, PhD, Ramnik Xavier, MD, 

and Jonathan Braun, MD-PhD

Costas Maranas, PhD (PSU)

Andrew Patterson, PhD (PSU)

Andrew Gewirtz, PhD (GSU)

Proteomics
Benjamin Garcia, PhD (Penn)


