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Outline

 Microbe rules the world
* Microbial product matters

e Examples of microbiome in health and
disease

Examples of metabolites in health and
disease

e Metabolites-mediated bacterial interactions



Microbial infection and systemic disease

¥ Respiratory
infection

Cardiovascular
Complications

Colon
cancer

Pregnancy
complication




Complex microbial communities-dental plaque




Microbes are everywhere
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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

e Humans, a composite of microbial and human cells

e 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

PCR with bar coded primers specific
for 16S rDNA region for amplification
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>GCACCTGAGGACAGGCATGAGGAA...
>GCACCTGAGGACAGGGGAGGAGGA...
>TCACATGAACCTAGGCAGGACGAA...
>CTACCGGAGGACAGGCATGAGGAT...
>TCACATGAACCTAGGCAGGAGGAA...
>GCACCTGAGGACACGCAGGACGAC...
>CTACCGGAGGACAGGCAGGAGGAA...
>CTACCGGAGGACACACAGGAGGAA...
>GAACCTTCACATAGGCAGGAGGAT...
>TCACATGAACCTAGGGGCAAGGAA...
>GCACCTGAGGACAGGCAGGAGGAA...



Human Microbiome Project
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b Metabolic pathways
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Structure, function & diversity of the healthy human microbiome, Nature, 2012, 486, 207



Transcriptomic Analysis-gene expression profiling
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RNA-sequencing
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Add bar coded primers, DNA synthesis

Overlapping ds-cDNA Library

Removal of primers
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Data extraction
and processing

Amplified ds-cDNA '




Proteomic Analysis-protein profiling
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Integration of Multi”Omics”

Biological samples
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" Microbiomes impact behaviors

Gut microbiota Diet-specific microbiota
influence mating

preferences
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?




Microbiomes impact behaviors

Gut microbiota Diet-specific microbiota
influence mating

S preferences
(Dro ft‘a melanogaster)l

Homogamic 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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Microbiome and Carb Metabolism

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

e 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



Microbiome and Fatty Acids Metabolism

B. fragilis Undigested carbohydrates

[ Bacterial fermentation
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Gut lumen
* Energy
- » Liver

T cell TLR2 H'L
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Microbiome and Atherosclerosis
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Nature. Apr 7, 2011; 472: 57-63.




Obesity and Cancer: a Microbial Connection

hepatocellular carcinoma(HCC)

senescence-associated
secretory phenotype (SASP)
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intestinal
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Secondary bile acid

deoxycholic acid (DCA)

Nature. 2013 Jul 4;499:97-101
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Obesity and Cancer: a Microbial Connection

Liver

FATTY FOOD

N Chronically high LPS binds to immune

' levels of DCA and  receptors called TLRs,

LPS can increase |eading to inflammation
cancer risk. in the liver.

Gall bladder

The liver produces digestive
chemicals called primary
¥  Dbile acids. These are stored
in the gall bladder and then
released into the intestines %G
during a meal.

R

Hepatic portal vein

4

Mutrients, 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

&P 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 Dhy la of bacteria DCA, deoxycholic acid; LPS, lipopolysaccharide; TLR, Toll-like receptor.

Nature, 2014, 516, S14



Microbiome & Alcoholic Liver Disease

Alcoholic liver disease
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Gut Bacteria & Healthful Chocolate

Cocoa powder(polyphenols
and Fibers)

Smaller molecules
short fatty chain acids

2014 American Chemical Society meeting
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Gut Bacteria and the Workings of Our Minds

Of Humans Of Mice
MRI scans to look at the brains Changes gut microbiota alter mouse behavior
the types of bacteria in their guts Bold to timid, brain-derived neurotrophic factor

Probiotics alters brain activity
Gastroenterology, 144, 1394-1401. June 2013
Cell, 155,1451-63, 19 December 2013



The state of “Gut”

Development of
anxious traits

Change in BDNF, NMDA
in the hippocampus

s

Enteric infection changing microbiota
Post-infectious IBS

Human neurotransmitters

5 Bacterial neurotransmitters??

: Gamma-aminobutyric acid,
/ Serotonin, dopamine,
norepinephrine, acetylcholine &
I histamine

?Mechanism

?Change in mod &
behaviour

Longitudinal Study needed of individuals J Ph‘ 'SiOI. 20 14 , 592:2981'8

before & after infectious insult occurs



Gut Microbes and Your Weight

microbes? j
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Microbe transplants
. from obese humans

Science, 6 September 2013: 341(6150)



Oral bacteria in systemic conditions

Fusobacterium nucleatum

 Gram-negative, rod-shape anaerobic
e Butyric acid, a major metabolite

* Periodontal disease and gingivitis
e Systemic infections



Fusobacterium & Colon Caner

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.




Whole-genome analysis of the colorectal cancer microbiome

DNA isolated from colon tissues
A (9 tumor-normal sample pairs) B

l lllumina sequencing

Human whole-genome sequencing data
(1.51 billion reads; median per sample)
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CRC-09-N
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CRC-02-N
CRC-02-T

l PathSeq analysis

Microbial sequences
(101,000 reads; median per sample)

C whole-genome sequencing D

=4

Tumor

Fusobacterium

LDA Score (log 10)
Percent relative abundance of Fusobacterium

30 I
Normal 0 [ | ! i1

Genome Res. 2012;22:292-298




Bacterial abundance in colon cancer

Fusobacterium nucleatum

Castellarin M et al. Genome Res. 2012:22:299-306

Fusobacterium nucleatum subsp. nucleatum ATCC 25586
Pseudomonas fluorescens Pf0-1
Pseudomonas fluorescens Pf-5
Propionibacterium acnes KPA171202
Sphingomonas wittichii RW1

Sphingopyxis alaskensis RB2256

Ralstonia pickettii 12D chromosome 1
Pseudomonas entomophila L48
Pseudomonas syringae pv. syringae B728a
Pseudomonas stutzeri A1501

Pseudomonas syringae pv. tomato str. DC3000
Novosphingobium aromaticivorans DSM 12444
Pseudomonas putida GB-1

Pseudomonas fluorescens SBW25 plasmid pQBR103
Burkholderia sp. 383 chromosome 1
Burkholderia sp. 383 chromosome 2
Bradyrhizobium sp. BTAi1
Rhodopseudomonas palustris CGA009
Renibacterium salmoninarum ATCC 33209
Bacteroides fragilis NCTC 9343

Bacteroides fragilis YCH46

Veillonella parvula DSM 2008

Clostridium phytofermentans ISDg
Eubacterium eligens ATCC 27750

Eubacterium rectale ATCC 33656

Bacteroides thetaiotaomicron VPI-5482
Parabacteroides distasonis ATCC 8503
Bacteroides vulgatus ATCC 8482

Slackia heliotrinireducens DSM 20476
Clostridium cellulolyticum H10

Clostridium thermocellum ATCC 27405
Eggerthella lenta DSM 2243

Geobacillus sp. Y412MC10

Desulfovibrio vulgaris str. 'Miyazaki F*
Lawsonia intracellularis PHE/MN1-00
Clostridium difficile 630

Desulfovibrio desulfuricans subsp. desulfuricans str. ATCC 27774
Leptotrichia buccalis DSM 1135

Escherichia coli CFT073

Escherichia coli UTI89

Chromobacterium violaceum ATCC 12472
Methylibium petroleiphilum PM1

Leptothrix cholodnii SP-6

Bordetella petrii DSM 12804

Polaromonas sp. JS666

Streptococcus sanguinis SK36

Enterococcus faecalis V583

Bifidobacterium adolescentis ATCC 15703
Akkermansia muciniphila ATCC BAA-835
Pseudomonas fluorescens SBW25

Control Tumour
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Bacteria and Colorectal Cancer

Colon luminal Host mucosal
environment environment
Fusobacteria
Model 1 | ‘
Single microbes
Model 2 A
Microbial community = © =i
Model 3 Tumor
Single microbes microenvironment
Interacting with Infl .
microbial niiammation
community Host genetics

COIOreCtal Cancer Cell Host Microbes, 2013

Cell Host Microbes, 2014




New Findings
Bacterial biofilms and cancer connection
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Gut microbiota

OH \ 4 OH
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Butyrate o _
Short chain fatty acids
:
Colonic MCTs, SLC5AS, ]
epithelium mOATS
Elangovan S et. al., The niacin/butyrate
receptor GPR109A suppresses mammary \ 4

tumorigenesis by inhibiting cell survival. Bloodstream
Cancer Res.2014,74:1166-78.

v

A 4
NS\ GPCR mediated  Non-GPCR mediated

* HDAC inhibition
* Cell proliferation
* Apoptosis

Gpr41l —> Adiposity
Blood pressure

Gpr43 —> Immunity
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
Celis

Mismatch Repair By Brendan Seflay
mutant mouse
#7

Belcheva et. al., Cell, 2014, 158, 288-299.



Gut microbiota induce colon cancer
in MSH2-deficient mice
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Reduced dietary carbohydrates decreases polyp
frequency in APCMIn/*MSH2~/~ mice
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Butyrate & colon cancer in APCMV*MSH2~/~ mice
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Complex Interactions

Genetic background matters!
Diet
i1

Microbiota

i1
Metabolites

i1
Host & Host factors

(Health and Disease)



What’s next?

Presence in the tumor environment
Progression of tumor and bacterial infection
Role in tumorigenesis via inflammation mechanisms

Tumor diagnostics
Fusobacterium or other biomarkers
Bacterial cancer therapy




Microbiome- and metabolites-targeted Therapies
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Carcinogenic
effector mechanisms

Nature, 2013, Nov. Volume 13



Metabolites-mediated Interspecies
interactions within the oral biofilm community
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Bacteria & Cystic Fibrosis

* Human genetic disease with a defect in chloride
channel CFTR

* Chronic Lung Infections in Cystic Fibrosis Patients

* Pseudomonas aeruginosa

e Pathogen of multiple hosts (humans, plants, fungi,
nematodes, and insects)

e Leading gram-negative nosocomial pathogen
(burn, wound, UTI, acute respiratory infections)

e Genome contains over 6,000 genes that are
involved in virulence, antibiotic resistance, gz
nutrient acquisition, stress tolerance. e




Oral Streptococci & Improved Lung Function
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What is the mechanism that oral streptococci use to
improve lung function?

Do oral streptococci inhibit P. aeruginosa?



Approach

Assess commensal and pathogenic oral streptococci
for their ability to inhibit P. aeruginosa

Commensal Streptococci: S. parasanguinis FW213,
S. sanguinis, S. gordonii, and S. salivarius

Pathogenic Streptococcus: S. mutans

P. aeruginosa: PAO1 (acute) and FRD1 (chronic CF
strain)

PAO1




Streptococci Inhibit P. aeruginosa

PAO1 Sp PAO1 Ss PAO1 5¢ PAO1 5v PAO1 Sm

THA
1 mM NO,

FRD1 Sp FRD1 Ss  FRD1 5S¢  FRD1 &v FRD1 Sm
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What’s in common
among inhibitory streptococci ?

PAO1 Sp PAO1Ss  PAO1Sg PAOI v PAO1 Sm

THA
1 mM
S. parasangunis S. sanguinis  S. gordonii  S. salivarius  S. mutans
k ) k )
| f
+H,0, -H,0,

m SCHOOL OF
DENTISTRY




Hydrogen Peroxide is Required for Killing

PAOL  Sp FRD1 Sp

Sp
Sp Apoxt

Sp ApoxLC

POXL Pyruvate oxidase responsible for production of H202

m SCHOOL OF
DENTISTRY




Percent Surwviwval

S. paransanguinis Protects Flies from
Killing by P. aeruginosa

without nitrite + 1mM nitrite
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Nitrite does not Enhance Production of H,0O,
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Mechanism of Inhibition

H,0, + NO,” = |ONOO-

+ H,0

H,0, and NO, are precursors for the
production of peroxynitrite

m SCHOOL OF
DENTISTRY



Nitrite Promotes the Generation of Peroxynitrite
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Resistance to Streptococcus-mediated Killing

Tn randomly in the
Mini Tn5 bacterial genome .
transposon g

Pseudomonas aeruginosa genome

Transposon Carrying l
Plasmid
Screened transposon library mutants

for resistance to streptococcal-
mediatfd Killing

A mutant resistant to killing
LB 30 mapped to an ABC transporter permease



An ABC Transporter Deficiency Confers P

aeruginosa Resistance to killing
B THB O THB+1mM nitrite
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The ABC Transporter Mutant also Possesses
Peroxynitrite Resistance
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Working Model of S. parasanguinis
mediated killing and more

Peroxynitrite
Host derived?
Pyruvate
oxidase
Oral Streptococci W

l ' «— Permease
2,3—buynedione @
P. aeruginosa —~ Phenazines {:}

P. aeruginosa Cell Death
Sharon et. al., Cell Metabolism, 2014, Nov.4 Jessica and Wu, Infect Immun, 2015, Jan.



Microbiome & metabolltes......
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Microbes rule the world

Cocoa powder(polyphenols
and Fibers)

Smaller molecules
short fatty chain acids

2014 American Chemical Society meeting
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