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Dental Plaque
Complex bacterial communities

Click o a label for more information Who are they?

What are they doing?

i~ O
= ) .
o m}\) How is the host responding?
we=t  What forces maintain the equilibrium?
= Symbiosis versus Dysbiosis

How do we differ?

How do we manipulate microbes?

. 10 % human cells
) 90 % microbial cells
&= Genetic info > 100




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 2007

US National Microbiome Initiatives May 2016

Microbiome Analysis-16sRNA profiling/metagenomics

Plaque or saliva
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PCR with bar coded primers specific
for 16S rDNA region for amplification

Metagenomics
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>GCACCTGAGGACAGGGGAGGAGGA...

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

>CTACCGGAGGACAGGCAGGAGGAA...
>CTACCGGAGGACACACAGGAGGAA...

>GAACCTTCACATAGGCAGGAGGAT...
>TCACATGAACCTAGGGGCAAGGAA...

>GCACCTGAGGACAGGCAGGAGGAA...
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Human Microbiome Project

Cc
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NIH HUMAN &
MICROBIOME
PROJECT

PC1 (13%)

sa  FUNCtional Conservation of Microbiomes

Anterior nares RC  Buccal mucosa  Supragingival plaque Tongue dorsum Stool Posterior fof
- Firmicutes mmm Central carbohydrate metabolism
B Actinobacteria mmm Cofactor and vitamin biosynthesis
B Bacteroidetes mmm Ofigosaccharide and polyol transport system
Proteobactena N Puring metabolism
I Fusobactera EE ATP synthesis
N Tenericutes BN Phosphate and amino acid transport system
BN Spirochaetes Em Aminoacyl tRNA
BN Cyanobacteria N Pyrimidine metabolism
N Verrucomicrobia BN Ribosome
- TM7 N Aromatic aming acid metabolism
Structure, function & diversity of the healthy human microbiome, Nature, 2012, 486, 207
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Integration of Multi”Omics”
Biological samples

VYV

Microbiome

Gene (DNA)- Gene sequences mmp  GENOMICS
l (the code) I

RNA B The messages mmp TRANSCRIPTOMIC

| | |

Protein i Enzymes -
Structural proteins PROTEOMICS

l l | Networking

- o SSRU— pathways
MetaboliteS ™ small molecules ™% NMETABOLOMICS for metabolite

- 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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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

enn

Betaine (FMOs)

Trimethylamine-N-oxide

Flavin monooxygenase

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) Na%uxre. 2013 Jul 4;499:97-101

Gut Bacteria and the Workings of Our Minds

Of Humans Of Mice

Gut microbiota/ mouse behavior
Bold/timid, brain-derived neurotrophic facto

@ What bugs teens?

4. Microbiota and adolescent

] " {4 £ % mental health

!a

biotics alters brain activm
2

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

stroenterology, 144, 1394-1401. )
Cell, 155,1451-63. 19 December 2013

Cell, 165,1762-75. Jun 16, 2016 (maternal diet, gut microbiota & Social
and Synaptic Deficits)
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Communication
between brain &
gut microbiota

hypothalamic-pituitary-adrenal
e axis (HPA)
ACTH
A
Cortisol
Neurotransmitters
GABA / ‘ \

Norepinephrine SCFAS
Cytokines o

Dopamine

Serotonin,

Tryptophane
metabolism

Intestinal
Epithelium

Lumen —— - = r—
- =21 Microbiota — .
e eI, Danian et. al., J. of Psych.

Res. 2015, 63: 1-9

Gut Microbes and Your Weight

Science, 6 September 2013: 341(6150)
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When do our body establish our microbiome?
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Antibioticvs Promoion of Animal Groyvth
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Use of Antibiotics Map
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Increased body fat by the use of antibiotics

Cho | et. al., Nature. 2012 Aug 30;488(7413):621-6.

Dysbiosis in Gut and Obesity

Control Disrupted microbiota
-\ low-dose
g_ \ penicilin SN\
7 '-?’J 7
Normal i 'l Loss of early-ife | L. 10 ]
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Cox et al., Cell 158, 705721, August 14, 2014
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Antibiotics in Infancy and Early Childhood Obesity

*69% of children exposed to antibiotics before 2" year

* Exposure to broad-spectrum antibiotics increased risk
to obesity
* Asthma and wheezing conditions

e Exposure to narrow-spectrum antibiotics did not
increase risk to obesity

Antibiotics
A modifiable risk factor for childhood obesity??

Bailey et al., JAMA Pediatr. September 29, 2014

Evolution of Human Beings
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Antiseptic Mouthwash and Blood Pressure

Bacteria in the mouth reduce nitrates to
nitrites

Nitrite reduced to NO- relaxes vessels and s
lowers blood pressure oI

Antiseptic mouthwash reduced oral nitrite E

production by 90% and plasma nitrite levels &
by 25% (p<0.001) i |
Systolic and diastolic blood pressure

increased by 2-3.5 mm Hg

Kapil et al., Free Radic Biol Med. Feb 2013; 55(C): 93-100.

Medium Niltrate/Nitrite Concentration (micromolar)

The nitrate- and nitrite-reducing
capacity of oral bacteria

Hyde ER, et. al., PLoS One 2014 Mar 26;9(3):e88645.
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Metabolites-mediated Interspecies

interactions
a)

© -
CSP b Challisin g Sﬂ’;g:zt::;fus

®
~
~Sa @/

= Mutacin —-l

ﬁ Hzoz f—

Streptococcus
sanguinis

Streptococcus
mutans

|

Lactic
ek \Campylobacter

J— Veillonella Proto-haeme

Acid sensitive anaerobes and
certain oral streptococci Vitamin K

lactate oxidase

Streptococcus
oligofermentan:

P. gingivalis

S. parasanguinis mediated killing of
P. aeruginosa and more

Peroxynitrite

Host derived?

H,0
oxidase e @ ;

Oral Streptococci

!

2,3-butanedione

4

P. aeruginosa —> Phenazines

P. aeruginosa Cell Death

Sharon et. al., Cell Metabolism, 2014, Nov.4 Jessica and Wu, Infect Immun, 2015, Jan.
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Complex Interactions

Genetic/microbe/environment Diet

i1
Microbiota

i1
Metabolites

11
Host & Host factors

(Health and Disease)

Complex diseases getting more complex

Microbiome- and Metabolites-targeted Therapies

Microbiome transplanta;ioq[ / | Prebiotics or probiotics

%7 Dysbnosns or l :
mcreased translocation 2 Drugs targeting
Genetically modified

% X " et genotoxins
‘microbiota with or Q? ————
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Microbes rule the world
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