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INTESTINE: 8 divisions, 800 species, 7000 strains
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The Human Microbiome Project - 2008
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> 2000 bacterial phylotypes
persistent, coevolved




The Human Microbiome Project - 2008

QuickTime™ and a
FFFFFFFFFFFFFFFFFFFF
are needed to see this picture.

> 2000 bacterial phylotypes
persistent, coevolved

> 500* bacterial pathogens of humans

occasional

*Woolhouse & Gaunt, 2007



- How do we integrate this new knowledge
Into the theory and practice of our science?
- How do we tackle the complexity?
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One historically fruitful approach: MODELS



el A
Nobel Prize Awards in Developmental Biology
Year Recipient Discovery recognized Models
1935 H Spemann Concept - ‘organizer center’ Newt and fr  og
1995 E Lewis Homeobox genetic organization Fruit flyan  d zebrafish
C Nusslein-Volhard
E Wieschaus
2001 L Hartwell Cyclin regulation of cell cycle Seaurc  hin and frog
T Hunt
P Nurse
2002 S Brenner Programmed cell death Roundworm
H Horvitz
J Suiston
2006 A Fire RNA interference Roundworm
C Mello
2007 M Capecchi Embryonic stem-cell development Mouse
M Evans
O Smithies

Ruby (2008) Nat Rev Microbiol



- How do we integrate this new knowledge
Into the theory and practice of our science?
- How do we tackle the complexity?

Approaches:
'‘CONSTRUCTED’ MODELS (simplified)

germ-free/gnotobiotic
vertebrates



NATURAL EXPERIMENTAL MODELS

SIMPLE CONSORTIA

(only a few microbial phylotypes)

Insect gut hydra epithelium

leech gut



NATURAL EXPERIMENTAL ANIMAL MODELS

SIMPLE CONSORTIA

(only a few microbial phylotypes)

nematode earthworm squid

root nodules . Of :
vesicle nephridia light organ

insect gut hydra epithelium
leech gut
i BINARY ASSOCIATIONS
: (one microbial phylotype)
legume :



The squid-vibrio light organ symbiosis:
chronic colonization of animal epithelia

Euprymna Vibrio
scolopes fischeri




Colonization of Host Tissues and Development of the Symbiosis

colonization
morphology

0.5 mm

mature, functional
morphology

JUVENILE




The ‘landscape’




The ‘landscape’

Crypt spaces :

colonization of, restricted to
signaling from Vibrio fischeri
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Goal:

To develop an hour-by-hour view _ of the
of the ‘conversation’ between a host and Its
bacterial partner.




GENOMICS

E. scolopes

Keck Foundation
(Bento Soares)

11 cDNA juvenile
light organ libraries

\

unigene set of
~ 14,000 genes

5’ sequencing/
annotation

directed discovery

V. fischeri

Keck Foundation & Moore Foundation

genome sequencing
-squid symbiont
-fish symbiont

comparative
genomics

molecular Affy-chip
genetics microarray

mutant transcriptional
analysis studies
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Harvesting

~05-1h Mucus shedding induced by
the peptidoglycan of environmental bacteria

S Nyholm




Through ~4-6 h -

V. fischeri cells gather outside of host tissues

GFP-labeled V. fischeri




At 2 h: aggregate formation
in environmental seawater + V. fischeri
(1,000,000/ml) (5,000/ml)




At 2 h: aggregate formation
in environmental seawater + V. fischeri
(1,000,000/ml) (5,000/ml)

4

7

Only ~5 V. fischeri cells in the aggregate

25 um

M Altura




At 2 h: TCT-induced hemocyte trafficking

symbiotic
(environmental seawater
+ 5000 V. fischeri)

T Koropatnick




At 2 h: TCT-induced hemocyte trafficking

symbiotic
(environmental seawater
+ 5000 V. fischeri)

aposymbiotic
(environmental seawater)

T Koropatnick
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How could the PGN monomer of ~5 V. fischeri cells be detected?










=== Microtubules of cilia (FITC-paclitaxol)

M Altura




How might bacterial cells communicate with

animal cells through ciliary membranes?




aposymbiotic vs symbiotic

39 genes I

l

B Soares
M Rise
M Altura




aposymbiotic vs symbiotic
39 genes |

l

Up-requlated : signal transduction (e.g., c-jun),
synthesis/maintenance of cilia




Hypothesis :

Symbiont signaling by the PGN monomer induces
changes in gene expression at 2 h.

- does addition to aposymbiotic animals induce
expression?

- do mutants symbionts induce expression?

e.g., overproducers ( ampG)
underproducers ( ItgA)

M Altura
E Stabb
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18 h

First full
colonization of
host tissues




~18 h post inoculation




18-h aposymbiotic vs symbiotic

~ 171 genes differentially
regulated > 2-fold




Comparison with vertebrates

Microarrays - response of the zebrafish digestive trac
to the microbiota
(Rawls et al., 2004)

QuickTime™ and a
TIFF (LZW) decom pressor
are needed to see this picture.




Comparison with vertebrates

Microarrays - response of the zebrafish digestive trac
to the microbiota
(Rawls et al., 2004)

Regulated by the microbiota 212 genes
Responses conserved in mouse gut 59 genes

QuickTime™ and a
TIFF (LZW) decom pressor
are needed to see this picture.




Common to squid light organ and mouse/zebrafish gut
response to colonization - The conserved ‘core’

mouse/zebrafish studies:

42 of 59 genes are also found in squid
18 of 42 requlated in symbiosis
(p<0.00005)



Common to squid light organ and mouse/zebrafish gut
response to colonization - The conserved ‘core’

mouse/zebrafish studies:

42 of 59 genes are also found in squid
18 of 42 requlated in symbiosis
(p<0.00005)

Shared pathways :

NF-kB pathway (5) h oxidative stress (3)

A 4

apoptosis (3)




harvesting

partner specificity
determined

development
induced

stability
achieved

maturation

<

60+ d

diel rhythm




Diel rhythms of the E. scolopes/V. fischeri symbiosis

dusk

V. fischeri dawn dawn
Population density

o regrowth venting o regrowth
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The cellular response to MAMPS

-—

¢

ligand + adaptors = “ACTIVE” COMPLEX
(LPS,PGN, etc.) L
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NF-kB Pathway

(Mike Goodson, Josh Troll)
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NF-kB Pathway

(Mike Goodson, Josh Troll)
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Summary

THE LANGUAGE OF SYMBIOSIS

mucus shedding

oxidative stress
(NO, MPO, etc.)

blood-cell trafficking

apoptosis

tissue remodeling
(MMP, cytoskeleton )

symbiont aggregation

autoinducers

bacterial ‘toxins’
(RTX, etc.)

reciprocal change in
partner gene expression




SUMMARY

Recognition of the prevalence of symbioses and
the involvement of characters ascribed to pathogene SIS

—” Demands that we question our basic premises--

e.g., what is the true nature of: virulence factor s,
and host ‘behaviors’ such as inflammation, toleranc e, carriage

Horizon :

How these characters of host and symbiont are contr olled to
result in a mutualistic, commensal, or pathogenic
association

QuickTime™ and a
TIFF (LZW) decompressor
are needed to see this picture.
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2nd ASM Beneficial Microbes Conference

October 12-17, 2008
Mission Bay, San Diego

[see the ASM website for a link to the meeting]










