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General aspects of indigenous microbiota

“really inside” - sterile

“sort of inside” — a big
test tube

found in body regions exposed
to the outside world

specific to each body region

occurrence in urine, blood or
body organs is unusual and is
usually an indication of
infection.

we benefit from our
microbiota

Inside the “tube”,
various microbes
find a niche that
fits.

Co-evolved symbiotic relationships between microbes
and multicellular organisms are a prominent feature of

life on Earth.

hy not use humans as another habitat?

-climate-controlled (37°C)

-stable pH (varies by organ)

-steady supply of nutrients

Acquisition of Normal Microbiota

¢ The womb is generally free
of microorganisms (axenic)

* Microbiota begins to develop
during the birthing process,
acquired during passage
through vagina

¢ Much of one’s resident
microbiota established during
the first months of life

— Food

— Contact with other
humans/animals

Animal microbiota:
related but not the
same as ours

Microbial colonization of 14
baby guts

-16S rRNA microarray, 10,500
DNA probes (who is there?)

-clone libraries (n = 4,100) (who is
there?)

-PCR using universal Bacterial
primers (how many are there?)

Palmer et al., 2007. PLoS 5(7): 177
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Relative Abudance (% Total Bacteria)

Eables 13 & 14are

1
bl fraternal (dizygotic) twins

Age (Days)

Palmer etal., 2007. PLoS Biology 5(7): 177

Points of interest:

By one year: mainly Proteobacteria, Bacteroides, Firmicutes,
Actinobacteria, and Verrucomicrobia.

First few days: chaos, influenced by maternal signature
Maternal signatures do not persist indefinitely

Twins: all aspects of triangle similar — genetics, environment,
development. Microbes similar too.

Periods of relative stability punctuated by abrupt shifts
-antibiotic treatment
-phage?
-invasion by more fit species?
-diet change?
-developmental change?

Normal flora: refers to the organisms that colonize the body’s surfaces without
normally causing disease

— Resident microbiota (autochthonous species):
* Are a part of the normal microbiota throughout life
» Comprise Bacteria, Archaea, Eukarya

* Most described as commensal (what does that mean?)

— Transient microbiota (allochthonous species)
* “Tourists”, remain in the body for only hours to months before
disappearing
« Found in the regions also occupied by resident microbiota
* May be autochthonous in another part of body
* May be ingested in food/water, etc.
« Cannot persist in the body
— Competition from other microorganisms
— Elimination by the body’s defenses cells
— Chemical or physical changes in the body

— Opportunistic pathogen: normal flora includes opportunistic pathogens, which
can cause disease if host resistance is lowered. Host resistance is not a static
trait!

Important roles for microbial symbionts:
turf battle with pathogens

-Competitive exclusion (cover attachment sites)
-Compete for nutrients
-Produce antimicrobials

1. streptococci in nasal passages produce H,O, which
inhibits Corynebacterium diphtheriae, the causal agent of
diphtheria)

2. Staphylococcus epidermidis and Propionibacterium spp.
on skin break down lipids into fatty acids that inhibit other
bacteria

3. Some strains produce antibiotics

Opportunistic Pathogens

« Normal microbiota that can cause disease under certain circumstances
« Conditions that provide opportunities for pathogens:
— Immune suppression
— Changes in the normal microbiota- changes in relative abundance of
normal microbiota may allow opportunity for a member to thrive and
cause disease

— Introduction of normal microbiota into unusual site in the body

UV photo of Pseudomonas infection in burn patient
hitp://aci.mta.ca/Courses/Biology/Images/bacterial%20folder/Pseudomonasinfections html




Candida albicans
(an example of an opportunistic pathogen)

« Part of the vaginal normal flora in over 50% of females.

Scenario for a Candida infection:

— Woman takes antibiotics for a bacterial infection... “collateral damage”
by antibiotics eliminates the vaginal normal flora bacteria.

— Antibiotics have no effect on yeast (a eukaryote — remember “selective
toxicity”)

— Candida albicans increases in numbers and causes a vaginal yeast
infection (vaginal candidiasis)
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Important roles for microbial symbionts:
“set up” and maintain immune system

Mucosal epithelia

-All metazoans have mucosal epithelia

-One of the most ancient and universal modules of innate immunity

-Skin & mucosal epithelia are the main interface between the host and the
microbial world

-Accordingly, mucosal epithelial cells and skin keratinocytes have specialized
antimicrobial functions: for example, producing antimicrobial peptides, which
limit the viability and multiplication of pathogens and symbiotic microorganisms
that colonize these sites.

-The production of these antimicrobial molecules is induced by engagement of
TLRs and NOD proteins and, presumably, other PRRs.

-Epithelial cells at the mucosal surface also produce mucins, which help to prevent
the attachment and entry of pathogens.

Indigenous Microbiota of the Skin

Dry — favors growth of microbes with barriers to
dehydration

pH depends on secretions: ranges between pH 4 and pH 6

Most microbes are associated with “wet” areas:
-apocrine (sweat) glands and ducts
-urea, amino acids, salts, lactic acids & lipids
-acidic pH (4-6)

-hair follicles
. Hai
-sebaceous glands secrete lubricant r
desd ~ Jepidermis
layer t
= Loermis
Sebaceous §
gland — SN
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Indigenous Microbiota of the Skin

Harbors transients (unable to multiply) or
g residents (multiply & divide).

Non-resident bacteria inhibited:
-low moisture
-low pH
-fatty acids generated by
Pttt sy Propionibacterium spp.

Residents include:
-Staphylococcus epiderimidis
-Propionibacterium acnes
(associated with acne)

Sequencing of 1,345 clones B(;g{gﬂzt])acterlum spp. [Gram

from human forearm skin -Acinetobacter
of 6 subjects -Candida can proliferate in

immunocompromised patients

Gao et al.. 2007. PNAS 104(8):2927

There are more bacteria in this
mouth than there are people in the
world.

There are ~600 different microbial
species in the oral cavity.

Human Oral Microbiome Database (HOMD)
=> public, comprehensive database

http://www.homd.org/index.php

Indigenous Microbiota of the Oral Cavity

Enamel = calcium phosphate crystals

Before baby teeth

emerge, streptococci and
lactobacilli (aerotolerant
anaerobes).

Dentin and pulp = living
tooth tissues

eeth - surface, not a direct
source of nutrients

saliva - low nutrients;
antibacterial substances
(e.g. lysozyme) and

Indigenous Microbiota of the Oral Cavity

Saliva coats teeth with acidic
glycoproteins: sticky

Several streptococci can colonize
this layer:

S. sanguis

S. sobrinus

S. mutans

S. mitis

Note slime

lactoperoxidase (kills layer

bacteria via free radical Next, filamentous Fusobacterium
generation) spp. can colonize. So can
spirochetes, actinomycetes, and
others.

After teeth: anaerobes
adapted for growing i
gingival crevices.

A biofilm has formed.
Oxic layer at oral cavity surface (air) and anoxic at tooth surface.

Y . M

Oral microbial ecology...

More later from Leslie and Sasha!!

i I’
I.L. Shechmeister and J. Bozzola

P Promti ik b

SEM of the cariogenic bacterium Streptococcus mutans. The sticky
dextran material holds cells together as filaments.




Back to the “you” tube...

Nasopharynx
Oral cavity
Throat

Trachoa

Lungs
Esophagus

Stomach

Duodenum

Ascending colon Sl
Descending
colan

Cocum

Appendix Rectum
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Indigenous microbiota of the stomach

pH 2 (acidic microbial barrier)
Conventional wisdom: too acidic for most species besides Helicobacter

Experiment: 16S rRNA sequencing of 1,833 clones from 23 subjects (gastric
endoscopic biopsy)

Findings: 128 phylotypes

Major sequences: Proteobacteria, Firmicutes, Actinobacteria, Bacteroidetes,
and Fusobacteria

Of interest: 10% of phylotypes previously uncharacterized, including a
Deinococcus relative (not previously reported from humans)

How to tell transients from
residents?

Patients:
22 males, only 1 female

13 Caucasians
5 Hispanics
5 African-Americans

Food prior to sample not
stated

Bik et al., 2006. PNAS 103(3): 732

Indigenous microbiota of the stomach
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Your largest collection of microbes is in your intestine:
-500 to 1000 different species

-1.5 kg (how many pounds?)
-most are refractory to cultivation

-If 1000 species, at average genome size of E. coli, then the
aggregate size of all microbial genomes (“microbiome”) is = to
human genome in size, but 100X more genes (why??

-we found only ~20,000 genes in human genome, similar to
Drosophila, but think of ourselves as more complex... this brings
us closer to the pre-genome estimate of ~100,000 genes that have
to do with “being human”.

Small intestine:

Large Intestine:

pH gradually increases
# bacteria increases
Lower ileum 10°-107 cells per gram

A chemostat: 1-2 doublings of bacteria/day in
colon, continually displaced and replaced by new
growth. 1/3 of fecal mass is bacteria.

(In addition, you shed ~ 20-50 million epithelial
cells per minute from your small intestine and
1/10% that amount from the colon.)

Fusiform anaerobes
in large intestine

Facultative anaerobes contribute < 107 cells per
gram

Obligate anaerobes contribute 10'°-10'! cells per
gram; 99.9% of cultured isolates

>90% are from two of the 70 known Bacterial
divisions (phyla): Firmicutes & Bacteroidetes

Gut microbiota functions as multifunctional organ to provide
metabolic traits that we have not evolved in our own genome:

-Breakdown of plant polysaccharides
-Fat breakdown and deposition (obesity in gnotobiotic mice)
-Biotransformation of conjugated bile acids & xenobiotics

-Degradation of dietary oxalates (kidney stone prevention — kidney stones may
be varied in composition but 80% of them are calcium oxalate)

-Synthesis of vitamins (B, ,, K)

-Steroid metabolism (esterification, dehydroxylation, oxidation, reduction,
inversion)

-Stimulation of renewal of gut epithelial cells

-Others??? Heart size, locomotor activity less in gnotobiotic mice

Vitamin B, (a.k.a.
ne cyanocobalamin): Only made by
A " Bacteria and Archaea. Naturally
r found in foods that harbor B ,-
oy ) producing bacteria: meat, eggs,
milk.

Function in humans:

1. acts as a cofactor for methylmalonyl-coenzyme A mutase,
which catalyzes the isomerization of methylmalonyl-CoA to
succinyl-CoA.

2. acts as a cofactor for 5-methyltetrahydrofolate homocysteine
methyltransferase, which is part of the S-adenosyl methionine
(SAM) cycle and produces methionine from homoscysteine.

Vitamin K: Collective name for a group of related compounds
sharing a methylated naphthoquionone ring structure, and which
vary in the aliphatic side chain attached at the 3-position.

Function in bacteria (E. coli): part of electron transport chain
Function in humans: carboxylation of glutamate residues to

gamma-carboxyglutamate residues in certain proteins; these are
involved in binding calcium.

“Pinches” from cleaned guts:
mucosal surface-associated bacteria

Wﬂ ct al., 2003. J. Am:l. Microbiol. 95: 508




Bacteroides thetaiotaomicron = prominent component of the
TR —— normal mouse and human intestinal microflora

M C— Note: host physiology and Gnotobiotic (germ-free, “known life””) mice were colonized
immune system will depend on with B. thetaiotamicron
development (ontology)

I b . ) o o
Global intestinal transcriptional responses to colonization were
T — > . ; .
observed with DNA microarrays. B. thetaiotamicron
l modulated expression of genes involved in:
Figure 1| The concapt of & core human mirsblome. The core human.
e o iy o . bt cam b &l et s arge of -mucosal barrier fortification
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Tumbaugh et al., 2007. Nature 449: 804 Hooper et al., 2001. Science 291: 881

Bacteroides thetaiotaomicron . . .
What does B. thetaiotamicron do in the gut?
Also: Tabln 1 o mambers of the adult human distal ntastinal mikrabiota
-Directs synthesis of glycans with o-linked fucose in epithelium; - oS ety h o
these are “sign posts” of friendly territory to Bt, which then eats the paary s g 0 ] i ]
fucose (B-fucosidases) ve-ririomgul 3 H : H H
. . . Gowmee 3 o H ° H "
(Bt colonizes niche first: keystone species) P ———— 2 0 \ H 0 .
i ; o H i H
N o o —_— - Lo
-within 10d of colonization, induces complex angiogenesis at hmdens 0 s ; H " 1
submucosal epithelium - Ghamonidan : i H H " .
B Perecnamindane " o 2 L] o 1
s o H H o s
» i ; : o :
-enhances triacylglyceride absorption . i O O i .
-enhances triacylglyderide import/storage by repressing ANGPLTA4, H H H H ’ .
. " i : : H s
a repressor of the key lipase H o : e ! :
- " » = a .
i fu b o 12 i
-stimulates gut innate immune system (recognize certain pathogens, Gttt et by s
e.g. Listeria, and ignore symbionts) - directs its own microbial
neighborhood
Reviewed in Xu and Gordon, 2003. PNAS 100(18): 10452
What does B. thetaiotamicron do in the gut? What does B. thetaiotamicron do in the gut?

SusC & SusD: Starch Utilization System; acquisition of polysaccharides - bind to
cell surface and break into medium-sized oligosaccharides

Bactercadar

In genome:

56 homologs of susD
106 homologs of susC
47 of the susC homologs are next to glycosylhydrolases

In contrast, Bifidobacterium longum has no susC homologs, but has 8 ABC
transporters for oligosaccharides, and a PTS, which is lacking in Bt.

-Adaptive grazing? Stabilization of foodweb
-Keystone species: break down varying plant polysaccharides for other species to
absorb?

Also in Bt genome: unprecedentedly high number of ECF sigma factors and
one-component systems. Quick response to changing environment?




Summary of resident microbiota

Table 142 Resident Microbiota® (1 of 2)

Upper Respiratory Tract
Gemn,

Upper Digestive Tract

Summary of resident microbiota

Table 142 Resident Microbiota® (2 of 2)

Female Urinary and Reprmductive Systems
Ganer.

Eyes and Skin
Geners Wates

“The human can be thought of as a human-microbe hybrid...”
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Human Microbiome Project

-huge collaborative effort

http://nihroadmap.nih.gov/hmp/index.asp

“The HMP... has the potential to break down the artificial
barriers between medical microbiology and environmental
microbiology.”

--Peter J. Turnbaugh, Ruth E. Ley, Micah Hamady, Claire M. Fraser-
Liggett, Rob Knight & Jeffrey I. Gordon, 2007

Ecosystem-level functions:

The first gut “microbiome” showed that, compared with all previously sequenced microbial
genomes and the human genome, gut microbiomes of these (2) adults showed significant
enrichment for genes involved in:
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*KEGG = uses gene and genome
information to predict potential enzymatic com p ared to:
functions and metabolic pathways

ekl rats
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Fig. 3. KEGG pathway recomstructions reveal metabolic functions that are enriched or undernep-
resenited in the human distal gut micobiome a5 follows: both samples compared with all sequenced
bacterial genomes in KEGG iblue), the human genome ired), and all sequenced archasal genomes in
KEGG fyellow. Asterisks indicate enrichment (odds ratio > 1, P = (.05) or undemepresentaion (odds
ratio < 1, P < 0.05). The KEGG category, “metabolism of other amino ackds,” includes aming acids that
ae not incorporated into proteim, such as fralanine, taurine, and ghutathione. Odds ratios are &
meaiure of relative gene content based on the number of independent hits 1o ennymes present in a
given KEGG category

Gill et al., 2006. Science 312: 1355

454 technology

Sample preparation. Fragments of DNA are ligated to adapters
that facilitate their capture on beads {ome fragment per bead).

A wates-in-oil emulsion containing PCR reagents and one bead
per droplet is created to amplify each fragment individually in

its droplet. After amplification, the emwulsion is broken, DHA is
denatured and the beads, containing cne amplified DA fragment
weach, are distributed into the wells of a fiber-optic stide.

Pyrosequencing. The wells are loaded with sequencing enszymes
and primer (complementary to the adapter on the fragment ends),
then expased to a fow of one unlabeled nucleotide at a time,
allowing synthesis of the complementary strand of DHA to proceed.
When a nuclectide is incorporated, pyrophosphate bs released and
converted to ATP, which fuels the huciferase-driven conwersion of
Lucifesin to cxylucklerin and light. As a result, the well lghts up.
The tead length & between 100 and 150 nuaclectides.
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The general principle behind different pyrosequencing reaction systems

Polymerase
(NA), + Nicheatide

- [LEVIES 4]

ATP subfusylase
—_ .

PRI+ APS ATF+50}

Lucifersse
ATP + Luciferin + O, — > AMP o PP+ Oxyluciferin + CO, + Light
Polymerase = E. coli DNA polymerase
ATP sulfurylase = S. cerevisiae enzyme that converts PPi to ATP
Luciferase = American firefly Photinus pyralis enzyme that uses ATP in the oxidation of luciferin to
generate light.

Reaction = 3-4 seconds per nucleotide
One pmol of DNA in a pyrosequencing reaction yields 6 x 10'" ATP molecules which, in turn,
generate more than 6 x 10? photons at a wavelength of 560 nm, casily detected by photomultiplier tube.

In pyrosequencing, the most critical reactions are DNA polymerization and nucleotide removal by
cither washing or enzymatic ion. N ide removal ing curve) P with the

polymerization reaction (ascending curve). Therefore, slight changes in the kinetics of these reactions
directly influence the performance of the sequencing reaction.

Discussion Papers

Dethlefsen et al., 2007. Nature 449: 811
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Figure 1| Stitpecifar dteliatns of hacterial
healt Th sova o ha chust

... What does this tell you about human/symbiont co-evolution?
... what functional information does this survey give us?
... how representative is the dataset?
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