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Outline

*Microbe rules the world
* Microbial product matters

*Examples of microbiome in health and
disease

*Examples of metabolites in health and
disease

*Metabolites-mediated bacterial interactions
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Microbial infection and systemic disease

Cardiovascular Respiratory

Complications infection
Pregnancy Colon
complication cancer
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Microbes are everywhere

10 % human cells
90 % microbial cells
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The Human Microbiome Project

* Microbial components of the human genetic and metabolic
landscape, and how they contribute to health and disease

* The genomes of microbial symbionts provide traits that
humans did not need to evolve on their own

* Humans, a composite of microbial and human cells

* Human genetic landscape dictated by the genes in the human
genome and the microbiome

* Human metabolic features, a blend of human and microbial
traits

A human ‘supraorganism’

Nature 449, 804-810, 2007




The Human Genome Project

The project funded by the US government in 1990, and declared

complete in 2003.

A parallel project by the Celera Genomics in 1998.

Capacity-3 billion bps
Major advance in DNA sequencing

versus the Human Microbiome Project

Microbiome Analysis-microbial profiling/genomics
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PCR with bar coded primers specific
for 16S rDNA region for amplification

Metagenomics
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microbia
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>GCACCTGAGGACAGGCATGAGGAA...
>GCACCTGAGGACAGGGGAGGAGGA...

>TCACATGAACCTAGGCAGGACGAA...
>CTACCGGAGGACAGGCATGAGGAT...
>TCACATGAACCTAGGCAGGAGGAA...
>GCACCTGAGGACACGCAGGACGAC...

>CTACCGGAGGACAGGCAGGAGGAA...
>CTACCGGAGGACACACAGGAGGAA...

>GAACCTTCACATAGGCAGGAGGAT...
>TCACATGAACCTAGGGGCAAGGAA...

>GCACCTGAGGACAGGCAGGAGGAA...
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Human Microbiome Project

Gastrointestinal

NIH HUMAN

MICROBIOME
PROJECT

PC2 (4.4%)

PC1 (13%)

Anterior nares RC ~ Buccalmucosa  Supragingival plaque  Tongue dorsum Stool Posterior for
- Firmicutes mmm Central carbohydrate metabolism
BN Actinobacteria mmm Cofactor and vitamin biosynthesis
m Bacteroidetes Fm Ongosaccharide and polyol transport system
Proteobactena N Purine metabolism
EEN Fusobacteria mm ATP synthesis
N Tenericutes BN Phosphate and amino acid transport system
BN Spirochaetes Em Aminoacyl tRNA
N Cyanobacteria EEN Pyrimidine metabolism
BN Verrucomicrobia BN Ribosome
- TM7 N Aromatic aming acid metabolism
Structure, function & diversity of the healthy human microbiome, Nature, 2012, 486, 207



Transcriptomic Analysis-gene expression profiling
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Integration of Multi”Omics”

Biologicalﬁsam’ples
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Microbiome

Gene (DNA)- Gene sequences mmp
l (the code) |

RNA - The messages mmp TRANSCRIPTOMIC

| | |

Protein — Enzymes s
Structural proteins PROTEOMICS

Networking
l | pathways

or metabolites

MetaboliteS = small molecules ™% WMETABOLOMICS

Microbiomes impact behaviors

Gut microbiota  Diet-specific microbiota

~ influence mating
preferences
] |
Fruit fly
*’rﬁ- ophila melanogasterl
Human skin Skin microbes of humans
microbiota influence attraction to
mosquitoes

Lactobacillus ~ The probiotic L. rhamnosus
rhamnosus decreases anxiety in mice

Fighting microbes or Farming microbes?
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# of Matings

Microbiomes impact behaviors

Gut microbiota Diet-specific microbiota
influence mating
preferences

Homogamic Matings
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Heterogamic Matings
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Sharon, et. al., Proc Natl Acad Sci U S A. 2010,107(46):20051-6.

Lactobacillus plantarum strain IMAU:10272
cuticular hydrocarbon sex pheromones
the hologenome theory of evolution

Mean relative attractiveness
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Microbiomes impact behaviors

Individuals
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Do metabolites matter???
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Microbiome and Carb Metabolism

e Carbohydrates: humans and bacterial nutrients
* Human and mammals: disaccharides and starches

* Microbes: complex polysaccharides by Carohydrate-active
enzymes: glycoside hydrolases, carb esterases,
glycosyltransferases and polysaccharide lyases

* Biogeographical distribution of microbiome/
genes/pathways such as simple Carb transport PTS small
intestine>colon

* Probing microbe altered pathways in the development of
metabolic disorders in humans
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Microbiome and Fatty Acids Metabolism

B. fragilis Undigested carbohydrates
Bacterial fermentation ‘
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Front Im ‘I. 2015 Feb 18;6:61.

Microbiome and Atherosclerosis

Dietary /

phosphatidylcholine
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/ Flavin monooxygenases
) Hepati (FMOs)
Betaine / . FMOs

Nature. Apr 7, 2011; 472: 57-63
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Obesity and Cancer: a Microbial Connection

hepatic stellate cells (HSC)

hepatocellular carcinoma(HCC)

senescence-associated
secretory phenotype (SASP)

Alteration of
intestinal
microbiota

Secondary bile acid

deoxycholic acid (DCA) Natu;?c. 2013 Jul 4,49997-101

Obesity and Cancer: a Microbial Connection

Liver

FATTY FOOD

Chronically high ~ LPS binds to immune

Gall bladder levels of DCA and  receptors called TLRs,
\Lps canincrease leading to inflammation
The liver produces digestive cancer risk. in the liver.
chemicals called primary
y bile acids. These are stored ; ; B -
in the gall bladder and then Hepatic portal vein
released into the intestines
during a meal.
Nutrients, bile acids
and bacterial by-products,
including LPS and DCA,
pass into the liver.
DCA causes

DNA damage in the liver

When exposed to a high-fat diet, populations of

EP Firmicutes bacteria rise. Many of these bacteria produce
LPS, and some of them convert primary bile acids to
secondary bile acids, including the toxic DCA.

Intestine

Firmicutes bacteria

Other phyla of bacteria DCA, deoxycholic acid; LPS, lipopolysaccharide; TLR, Toll-like receptor.
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Gut Bacteria and the Workings of Our Minds

Of Mice
Changes gut microbiota alter mouse behavior

Bold to timid, brain-derived neurotrophic facton

Of Humans
MRI scans to look at the brains
the types of bacteria in their guts

Probiotics alters brain activity
Gastroenterology, 144, 1394-1401. June 2013

Cell, 155,1451-63, 19 December 2013
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Gut Bacteria & Healthful Chocolate

Cocoa powder(polyphenols
and Fibers)

Smaller molecules
short fatty chain acids

2014 American Chemical Society meeting|
- I
Y

Science, 6 September 2013: 341(6150)
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Oral bacteria in systemic conditions

Fusobacterium nucleatum

Fusobacterium & Colon Caner

ﬂ A5
2 1

Fusobacterium nucleatum
| Al
\ f‘

Kostic AD et. al., Cell Host Microbe 2013, 14:207-15.

Rubinstein MR et. al., Cell Host Microbe. 2013, 14:195-206.

Castellarin M et. al., Genome Res. 2012, 22:299-306.
Kostic AD et. al., Genome Res. 2012, 2:292-8.
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Whole-genome analysis of the colorectal cancer microbiome

DNA isolated from colon tissues

A (8o ormal sampl i) B
Human whole-genome sequencing data
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Genome Res. 2012;22:292-298

Bacterial abundance in colon cancer

Control Tumour
1234567801011 1234567891011

Fusobacterium nucleatum Fusobactoriom nuceatum subsp. nclestum ATCC 25588

Pseudomonas fluarescens PA-1
Pseudomonas fluorescens PF-5
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s;nmgammn wittichii RWT

ingopyxis alaskensis RB2256

ﬂmmnla pickotti 12D chromosome 1
seudomanas entomophila L&

Pseudomanas syringae pr. syringae B128a
Pseudomonas stutzer A1501
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Burkholderia sp. 383 chromosome 1
Burkholderia sp. 383 chromosome 2
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ATCC 27774
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Bordetella petri DSH 12604
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Streptacoecus sanguinis SK36
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Castellarin M et al Genome Res. 2012:22:299-306
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Bacteria and Colorectal Cancer

Colon luminal Host mucosal
environment environment
Fusobacteria
Model 1 L
Single microbes A

Model 2
Microbial community

¥ : o o R
Model 3 Tumor
Single microbes microenvironment
interacting with ;
microbial Inflammation
community Host genetics

COIOreCtal Cancer Cell Host Microbes, 2013

Cell Host Microbes, 2014

New Findings
Bacterial biofilms and cancer connection
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microbial structural organization contributes to disease progression?
Dejea, CM, et. al., Proc Natl Acad Sci U S A. 2014,111(51):18321-6.
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Gut microbiota
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Short chain fatty acids

Colonic MCTs, SLC5AS,
epithelium mOATs
Elangovan S et. al., The niacin/butyrate

receptor GPR109A suppresses mammary
tumorigenesis by inhibiting cell survival. Bloodstream

Cancer Res.2014,74:1166-78. ﬁ

Butyrate

[/ GPCR mediated  Non-GPCR mediated
Gpr41l —> Adiposity + HDAC inhibition
Blood pressure + Cell proliferation

Gpr43 —> Immunity * Apoptosis

Olfr78 —>Blood pressure  Singh N et.al. Activation of Gpr109a by the
Gpr109a—> Cell cycle commensal metabolite butyrate, suppresses
Oncogenesis colonic inflammation and carcinogenesis.
Immunity. 2014 ,40(1):128-39.

Microbial Metabolism Drives Transformation of
Colon Epithelial Cells(Msh2-deficient)

Carbohydrates

Hyperproliferating

Mismatch Repair
mutant mouse
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Gut microbiota induce colon cancer
in MSH2-deficient mice

B PCoA-PC1 vs PC2
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Butyrate induces colon cancer in
APCMin*MSH2~/~ mice
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Complex Interactions

Genetic background matters!
Diet
11
Microbiota

i1
Metabolites
i1
Host & Host factors
(Health and Disease)
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What’s next?

* Presence in the tumor environment

* Progression of tumor and bacterial infection

* Role in tumorigenesis via inflammation mechanisms
e Tumor diagnostics

e Fusobacterium biomarkers

Bacterial cancer therapy

Microbiome- and metabolites-targeted Therapies

Microbiome transplantationl \ a» l | Prebiotics or probiotics
2 /

Dysb105|s or [g

mcreased translocation Drugs targeting

Genetically modified U—J genotoxins
microbiota with or ¢
without change to diet \% Q =

rugs targeting

Carcmogenlc ST
%eﬂector mechanisms [: > ::‘aff;::::tyi;:duced

a® lC:j S
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)| Transcriptomics
ﬁ: Proteomics

: B Metabolomics
Glycomics

[ Depletion

Program in Microbiome & Overall Health

Mission
* Microbiota-based biomarker discovery
* Microbiota-targeted therapies
* Integration of Dentistry and Medicine
* Engaging practicing dentists and physicians via
Dentistry Practice based Research Network

SCHOOL OF
DENTISTRY

04/06/2016
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National Dental Practice-Based Research Network

* A 7-year support of $70
million by NIDCR

¢ Practicing dentists &
academic scientists

¢ Address day-to-day issues
in oral healthcare

¢ Extend practitioner
participation from all
areas across the country

¢ Dr. Greg Gilbert, Director,
UAB School of Dentistry

¢ Headquarterin
Birmingham, Alabama

Microbes rule the world

Cocoa powder(polyphenols
and Fibers)

Smaller molecules
short fatty chain acids
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