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Today’s Talk

• What is the microbiome?
• Factors that impact gut microbiome
• Gut microbiome interactions with brain
• Clinical associations



The Microbiome
• What is it?
• Bacteria (Fungi, Archea, Virus) that live on and in our 

bodies. 
• considered commensal or symbiotic

• How big of a deal is this?
• Sexy estimates ca 2014

• 1:10 (10 trillion human cells and 100 trillion bacteria)
• More recent (37.2 trillion cells, probably not due to 

obesity)
• 1:3
• 1:1

• Now referred to as an “organ”



Location Specific



Specificity Across GI Tract



Regional diversity and function





• A large proportion of 
anaerobic bacteria
• Difficult to culture

• Low-abundance/rare species
• What is the current tool(s) 

for measuring?









What we know

• Many of these findings are descriptive/associative
• Complex system

• Diversity appears to be good as it associates with 
health 



Dietary and Lifestyle Choices Impact Metabolism

Physical Activity 2000 vs. 1950 (Brownson, 2005)
• Time spent watching TV increased 61.4%
• Number of people walking to work dropped 71%
• Low physical activity occupations increased 83%





Environment has changed rapidly in 
last 150 years, what is the interaction 
with our microbiome?



Environmental, Dietary, and 
Behavioral Impacts on Microbiome
Have very interesting 
insights from a study on 
Hadza tribe that live in 
Tanzania

Schnorr, 2014; Nature Commun



Hunting and Gathering 
make up majority (>90%) 
of subsistence

Schnorr, 2014; Nature Commun



Hadza Tribe Microbiome

• Hadza have higher levels of microbial richness and 
biodiversity than Italian urban controls 
• comparisons with two rural farming African groups 

illustrate other features unique to Hadza that can 
be linked to a foraging lifestyle 
• Bifidobacterium and differences in microbial 

composition between the sexes that probably 
reflect sexual division of labor à although a 
number of studies have identified sex differences in 
microbiome 
• Seasonal variation in microbiome (Smits, 2017)

Schnorr, 2014; Nature Commun



Tyakht, 2013; Nature Comm

• Differences between rural 
and urban populations

• Urban more western 
looking

• Rural had increased 
diversity and proportions 
of bacteria involved in  
resistant starch and 
oligosaccharide 
degradation



Rural African gut microbiome correlates 
with feeding practices and parasites



Having a Parasite (Entamoeba)

• Enriches microbiome for 
Ruminococcaceae (uncl)
• Also seen in Hadza
• Part of the Termite gut microbiome



Nicholson, 2012; Science



Changes across the lifespan



Hospitalized Elderly with Higher 
Diversity have Longer Survival 

Ticinesi, 2017; Scientific Reports



Diet and Microbiome



Scott, 2013; Pharmacol. Res.

Amino Acids
Tryptophan
Tyrosine





Proportions of these bacteria 
associate with dietary intake







Microbiome 
impacts metabolic 
response to 
“Western” diet

Backhed, 2006; PNAS



Microbiome and the 
Brain



Current Concepts

• Bidirectional relationship 
between brain and gut

• This is mediated by 
microbial communities

• This may be manifested 
through:
• Developmental 

alterations in CNS
• Vagal stimulation
• Hormones
• Changes in 

neurotransmitter 
precursors 



GF mice show altered expression of anxiety and synaptic plasticity-related genes. 

Rochellys Diaz Heijtz et al. PNAS 2011;108:7:3047-3052

©2011 by National Academy of Sciences





SCFA (Butyrate & Propionate) 
Increase Hormones that Reduce Food 
Intake

Lin, 2012; PLoS One



Hormonal response to microbiome 
and diet

Leptin
Ghrelin
Hooda, 2013; BJN



Humans

“Humans are a poor model of 
mouse physiology”



• Supplementation with Fermented 
Milk Probiotic Product (FMPP)

• Reductions in negative affect 
• Brain response to emotional faces 

task is reduced following FMPP 
(Tillisch, 2013; Gastroent)

• Structural alterations following FMPP 
(Tillish, 2017; Psychosom Med)



Clinical Relevance – Bipolar 
Disorder

Evans, 2017; J. Psy Res

• All of the daily stool samples from the child 
with autism contained four organisms that 
earlier research had associated with 
autism. These included Sarcina
ventriculi, Barnesiella
intestihominis, Clostridium 
bartlettii, and Clostridium bolteae. By 
contrast, none of these bacteria appeared 
in the stool of the unaffected sibling.



Cellular and Molecular Gastroenterology and Hepatology 2017 3, 218-230DOI: (10.1016/j.jcmgh.2016.11.008) 

Luna, 2017; Cell Mol Gastro Hepat

Clinical Relevance – Autism 
Spectrum Disorder



Changing the Diet

Venkataraman, 2016; Microbiome

Individual’s with microbiomes 
enhanced in B. adolescentis have 
increased Butyrate production in 
response to RS consumption



RS







16s DNA sequencing

• Tells you who is there, but you have no idea what 
they are doing
• Can we start to understand function?



Regulation of TRP producing/sensing 
genes in bacteria

Yanofsky, 2007; RNA



Regulation of TRP producing/sensing 
genes in bacteria

Yanofsky, 2007; RNA



So far….

• Dietary RS supplementation
• Alters community
• Influences nutrients available to host
• Reduces IL18, and increases prolactin
• Decreases negative affect
• Alters gene expression in tested species



Today’s Talk

• What is Microbiome
• Definition
• Locational Diversity
• Gut

• Factors that impact 
Microbiome
• Environment
• Diet
• Behavior
• Sex
• Life 

exposure/Adaptation
• Mode of Birth
• Germ Free as an 

extreme example
• Changes in assisted 

living à links to frailty

• Gut microbiome and 
brain
• Routes

• Vagal stimulation 

• Neuroimmune

• Hormonal

• Metabolite

• SCFA

• Amino Acids

• Brain to gut influence

• Clinical impacts

• Dietary intervention can 
influence microbiome 
and host-brain 
relationship
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