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THE UNIVERSE WITHIN: 
THE HUMAN MICROBIOME 



LEARNING OBJECTIVES OF THE MICROBIOME 

• Learn about the diversity of the intestinal microbiome 

• Learn how the microbiome develops and changes over time 

• Learn about the functions of the microbiome 

• Learn just how important the immunology of the gut is 

• Review several disease states affected by dysbiosis 

• Learn about some possible treatment options  

• Learn about fermentation 

• Case Reports 

 

 





ABSORB 

FROM 

WHAT YOU 



37,000,000,000,000 



100,000,000,000,000 



 21,000 Genes 

 

 1.5% code for proteins 

 

 300 genes making 

proteins 

 

 20,700 Genes 

regulate the 

expression of the 300 



The total number of genes is estimated to be about 9 million.  Although 

this number is huge, we believe it is underestimated.  



Nature 449, 811-818 (18 October 2007) 



(Cell Mol Gastroenterol Hepatol 2015;1:28–40; 



Figure 4. Gut bacteria composition. 

Yang X, Xie L, Li Y, Wei C (2009) More than 9,000,000 Unique Genes in Human Gut Bacterial Community: Estimating Gene Numbers Inside a Human Body. 

PLoS ONE 4(6): e6074. doi:10.1371/journal.pone.0006074 

http://127.0.0.1:8081/plosone/article?id=info:doi/10.1371/journal.pone.0006074 

http://127.0.0.1:8081/plosone/article?id=info:doi/10.1371/journal.pone.0006074


WHERE DOES THE MICROBIOME COME FROM? 

• Cesarean Section Versus Vaginal birth 

• Get Bacteria from vaginal canal 

• C-Section predominant skin flora 

 

• C Section Problems 

• Increase risk of chronic disorders 

• Asthma 

• Allergies 

• Leukemia 

• Bowel problems 

• Hospitalizations 

• Relationship not clear 

 
• Pediatrics Dec 1, 2014 





Mucosal Immunology (2010) 3, 326–333 



www.wired.com/magazine/2011/09/mf_microbiome 



WHAT THE INTRODUCTION OF BACTERIA DOES POSTNATALLY 

Maynard et al.  Nature 13 September 2012; vol489: pp 231-241 

Paneth Cells: 
Antimicrobial peptides 

TLR 

Defensins 

Lysozymes, TNF-alpha, 

phospholipase A2 

Goblet Cells: 
Secrete different forms of 

mucus depending on location 

















    

Frontiers in physiology Dec 2011;vol2, article 94 



 
Dinan TG & Cryan JF. 

Melancholic microbes: A 

link between gut microbiota 

and depression? 

Neurogastroentol Motil. 

2013;25(7):713-719.  

HAVE YOU EVER 

HAD A GUT 

FEELING? 



 

Collins SM, Surette M & Bercik P. The interplay between the intestinal microbiota and the brain. Nature Rev. 2012;10: 735-742.  



C Huttenhower et al. Nature 486, 207-214 (2012) doi:10.1038/nature11234 

Diversity of the human microbiome is concordant among 

measures, unique to each individual, and strongly determined by microbial habitat. 



C Huttenhower et al. Nature 486, 207-214 (2012) doi:10.1038/nature11234 

Abundant taxa in the human microbiome that have been 

metagenomically and taxonomically well defined in the HMP population. 

















THE EFFECT OF DIET AND LIFESTYLE 

• Throughout life the microbiota changes 

• Smoking causes a shift to Bacteroides-Prevotella 

• Obesity leads to increase Firmicutes and decreased Bacteroides 

• Dietary saturated fats-increase pro-inflammatory bacteria 

• Taurine-conjugated bile acids may promote growth 

• Fiber increases substrate for growth 

• Dietary fat increases bacteria derived LPS which are pro-inflammatory 

• Polyphenols (grapes, grains, tea, berries) metabolized to bioactive products 

 





CELL 

CELL 







(Cell Mol Gastroenterol Hepatol 2015;1:28–40;) 

Microbial Effects:  Immune Development 





(Cell Mol Gastroenterol Hepatol 2015;1:28–40;) 

COMPLEX COMMUNICATION NETWORK 

Combative Methods 

• Antimicrobial peptides 

• Contact Dependent Growth 

Inhibition 

• Type 6 secretion system 

 

 

Cooperative Methods 

• Horizontal gene transfer 

• Formation of biofilm 

• Quorum sensing 

GOOD BACTERIA 

BAD BACTERIA 
BAD BACTERIA 

BAD BACTERIA 







Foodborne microbes from both diets transiently 

colonized the gut, including bacteria, fungi and viruses.  

Increases in Bilophilia wadsworthia on the animal based 

diet support a link between dietary fats, bile acids and 

the overgrowth of microorganisms capable of triggering 

inflammatory bowel disease.   



LA David et al. Nature 000, 1-5 (2013) doi:10.1038/nature12820 



LA David et al. Nature 000, 1-5 (2013) doi:10.1038/nature12820 

Diet alters microbial activity and gene expression. 



Gastroenterology 2015;148:1107–1119 





J Suez et al. Nature 000, 1-6 (2014) doi:10.1038/nature13793 

Functional characterization of saccharin-modulated microbiota. 



Fasting induced adipocyte factor (Fiaf) may promote leanness.  

Changes in the gut microbiome may regulate this process by affecting 

absorption of monosaccharides from the gut lumen resulting in 

hepatic lipogenesis.   

We also speculate that changes in microbial ecology prompted 

by Western diets, and/or differences in microbial ecology 

between individuals living in these societies, may function as 

an “environmental” factor that affects predisposition toward 

energy storage and obesity. 



Important Points: 

1. Palmitic Acid and FFA damage 

cells and cause leaky gut 

2. Phosphotidycholine can 

increase atherosclerosis 

3. High fat diet increases 

inflammation 

4. Saturated milk fat increases 

inflammation 











Maynard et al.  Nature 13 September 2012; vol489: pp 231-241 

BARRIER FUNCTION IN THE INTESTINAL EPITHELIUM 



Maynard et al.  Nature 13 September 2012; vol489: pp 231-241 

IMMUNE RESPONSE TO PATHOGENS 

EUBIOSIS 

• IEC secrete mucins and AMP 

• MAMP stimulate secretion of cytokines 

• Promotes tolerant macrophage growth 

• Dendritic cells then increase Treg cells 

• Overall promote IgA production  

 

 

 

DYSBIOSIS 

• MAMP stimulate pro-inflammatory cytoikines 

• Induce NK cell activity 

• Recruitment of neutrophils 

PRO-INFLAMMATORY ANTI-INFLAMMATORY 









Ann Nutr Metab 2013;63(suppl 2):28–40 







BACTERIAL TRANSLOCATION IS ASSOCIATED WITH: 

• Pathogenesis of liver damage 

• Fat accumulation in the liver 

• Mitochondrial dysfunction 

• Development of fatty liver 

• Chronic liver disease 

 

TREATMENT OF BACTERIAL TRANSLOCATION: 
• Can we treat with probiotics to have immunoregulatory and anti-

inflammatory responses? 

• VSL #3 may modulate liver fibrosis via the modulation of collagen 

expression and impairment of TGF-Beta 

 









Ann N Y Acad Sci. 2009 May ; 1165: 195–205 



Preview into the future: 

SCFA may: 

• Signal other molecules 

• Modulate adipose tissue 

• Modulate skeletal muscle 

• Modulate liver function 

• Prevent obesity 

• Decrease insulin resistance 

Stay tuned:   

THE FUTURE IS VERY 

EXCITING 



Taken together, our findings suggest that bacteria from the oral cavity, and 

perhaps even the gut, may correlate with disease markers of 

atherosclerosis. 



This study demonstrated that the abundance of A. muciniphila decreased in obese 

and type 2 diabetic mice. We also observed that prebiotic feeding normalized A. 

muciniphila abundance, which correlated with an improved metabolic profile 

Adapted from Dr. Mark Houston, Intergrative Management of 

Hypertension and Cardiovascular Disease 





PC-Phosphatidylcholine 

C-Choline 

TMA-Trimethylamine 

TMAO-Trimethylamine N-Oxide 

FMO3-Flavin Monooxygenase enzyme 





Just How Bad Are Antibiotics? 

• One week of Clindamycin 

• Looking at Bacteroides species 

• Overgrowth of Bacteroides thetaiotaomicron 

• Clindamycin-resistant strain 

 

http://www.wired.com/2011/09/mf_microbiome/ 



TREATMENT OF DYSBIOSIS 

• Remove 

• Remove source 

• Replace 

• Digestive enzymes 

• Get rid of all those antacids (unless you really need them) 

• Herbal supports 

• Repopulate 

• Probiotics 

• Prebiotics 

• Repair 

• Small bowel: glutamine (beans/legumes, cabbage, beets, spinach, kale, parsley) 

• Large bowel:  fiber, butyrate 

• Herbal: Boswellia, geranium, licorice, quercetin, aloe 

• Foods: Okra, cabbage, rice proteins 



The metabolite of E. limosum, butyrate, increases mucosal 

integrity and shows anti-inflammatory action modulation of 

mucosal defense system via TLR4 



Conclusion: Moderate-quality evidence suggests that probiotic 

prophylaxis results in a large reduction in CDAD without an increase 

in clinically important adverse events. 



FECAL MICROBIOTA TRANSPLANTATION 

• First documented in 4th century China 

• Used in veterinary medicine for 100+ years 

• Began in the U.S. in 1950’s 

• Today:   

• Donor screened (Hepatitis ABC, HIV, Syphilis, C. Diff)  

• No chronic diarrheal issues 

• 500cc saline added to stool 

• Stool dissolved, a blender may be used 

• Mixture is filtered 

• Once ready it is injected into the colon during a colonoscopy 

 

http://thefecaltransplantfoundation.org/what-is-fecal-transplant/ 

https://my.clevelandclinic.org/services/digestive_diseases/departments-centers/gastroenterology-hepatology/fecal-transplant 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3365524/pdf/GH-08-191.pdf 

http://thefecaltransplantfoundation.org/what-is-fecal-transplant/
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https://my.clevelandclinic.org/services/digestive_diseases/departments-centers/gastroenterology-hepatology/fecal-transplant


Pictures courtesy of Dr. David Becker 





Glutamine ingestion diminished bloody diarrhea and the 

incidence of bowel perforation. These metabolic improvements 

were associated with a marked increase in villous height, villous 

number, and the number of mitoses per crypt in rats receiving 

glutamine 



PREBIOTICS 

• Fermentable fiber 

• Fructo-oligosaccharides (FOS) 

• Garlic, onions, leeks, asparagus, artichokes, tomatoes, bananas, plums, apples, 

grains, nuts 

• Arabinogalactans 

• Active immunoglobulins from whey 

• Lactoferrin 

• Lactoperoxidase 





PROBIOTICS 

• Derived from Greek meaning “promoting life” 

• Many commercially available products 

• Positive data is emerging 

• Bacteria commonly seen in probiotics: 

• Bifidobacterium breve 

• Bifidobacterium longum 

• Lactobacillus acidophilus 

• Lactobacillus paracasei 

• Lactobacillus bulgaricus 

• Streptococcus thermophilus 



Figure 1 Objectives of stakeholders in the probiotic field 

Hill, C. et al. (2014) The International Scientific Association for Probiotics and Prebiotics consensus 

statement on the scope and appropriate use of the term probiotic 

Nat. Rev. Gastroenterol. Hepatol. doi:10.1038/nrgastro.2014.66 



Figure 2 Possible distribution of mechanisms among probiotics 

Hill, C. et al. (2014) The International Scientific Association for Probiotics and Prebiotics consensus 

statement on the scope and appropriate use of the term probiotic 

Nat. Rev. Gastroenterol. Hepatol. doi:10.1038/nrgastro.2014.66 



Evidence suggests that probiotic prophylaxis results in a large reduction in CDAD. 

 

Bacteria used: Bifidobacterium, Lactobacillius, Saccharomyces and Streptococcus 





“Learning to ferment 

opens people’s minds 

to the possibility that 

they can provide for 

themselves in other 

ways they haven’t 

ventured into yet.  It’s 

empowering.” 

 

Shivani Arjuna 



FERMENTING FOODS 

• Creates healthy probiotics 

• Support immune system 

• Natural process allows bacteria to convert carbohydrates into lactic acid in an anaerobic 

or near anaerobic environment 

• Allows production of micronutrients not seen in the raw products 

• Ex:  Japanese soy ferment called natto 

• Found to contain nattokinase (potent fibrinolytic activity) 

• Degrades amyloid fibrils 

• Cabbage fermentation 

• Glucosinolates broken down into isothiocyanates and indole 3 carbinol (anticancer)  

 

 





• Indole-3 carbinol 

reduced cervical 

neoplasia in women 

 

• Other foods 

containing isoflavones 

may improve 

outcomes as well 











Marker of undigested protein 

Indicator of health of the microbiome 







Good pancreatic exocrine function 

Fat Maldigestion 

Protein produced in neutrophils 

Degranulation of eosinophils when damage to 

lamina propria 

Status of epithelial barrier.  Leaky gut 

marker 














