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> 2000 bacterial phylotypes
persistent, coevolved

The Human Microbiome Project - 2008 

> 500* bacterial pathogens of humans
occasional

QuickTime™ and a
TIFF (LZW) decompressor

are needed to see this picture.

*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



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 fly an d zebrafish
C Nusslein-Volhard
E Wieschaus

2001 L Hartwell Cyclin regulation of cell cycle Sea urc 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



germ-free/gnotobiotic
vertebrates

Approaches:

‘CONSTRUCTED’ MODELS (simplified) 

- 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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SIMPLE CONSORTIA
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root nodules



Euprymna 
scolopes

Vibrio 
fischeri

0.5 cm 5 µm

The squid-vibrio light organ symbiosis:
chronic colonization of animal epithelia
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Colonization of Host Tissues and Development of the  Symbiosis
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Goal:

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



E. scolopes
Keck Foundation
(Bento Soares)

GENOMICS 

11 cDNA juvenile 
light organ libraries

unigene set of 
~ 14,000 genes

5’ sequencing/
annotation 
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Mucus shedding induced by 
the peptidoglycan of environmental bacteria

50 µm

S Nyholm

Harvesting
~ 0.5 - 1 h



Through ~ 4-6 h -

actin
GFP-labeled V. fischeri

V. fischeri cells gather outside of host tissues



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)

pore
25 µm

Only ~ 5 V. fischeri cells in the aggregate

5 µm

M Altura
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At 2 h: TCT-induced hemocyte trafficking



symbiotic
(environmental seawater 

+ 5000 V. fischeri) 

50 µm

T Koropatnick

aposymbiotic
(environmental seawater) 

At 2 h: TCT-induced hemocyte trafficking
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How could the PGN monomer of ~ 5 V. fischeri cells be detected? 





0.1 µm

A Wier



V. fischeri (RFP)

Microtubules of cilia (FITC-paclitaxol)

Mucus (Alexa 633 -WGA)
M Altura



How might bacterial cells communicate with 
animal cells through ciliary membranes?



At 2 h

39 genes

61 genes
p

aposymbiotic vs symbiotic

B Soares
M Rise
M Altura



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

Down-regulated : oxidative stress (e.g., halide peroxidase)

39 genes

61 genes

aposymbiotic vs symbiotic



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 ( ltgA )

M Altura
E Stabb
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~18 h post inoculation



18-h aposymbiotic vs symbiotic

~ 171 genes differentially 
regulated > 2-fold



Microarrays - response of the zebrafish digestive trac t 
to the microbiota

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

are needed to see this picture.

Comparison with vertebrates



mouse/zebrafish studies:

42 of 59 genes are also found in squid

18 of 42 regulated in symbiosis

(p<0.00005)

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



mouse/zebrafish studies:

42 of 59 genes are also found in squid

18 of 42 regulated in symbiosis

(p<0.00005)

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

NF-kkkkB pathway (5) oxidative stress (3)

apoptosis (3)

Shared pathways :
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The cellular response to MAMPs

ligand + adaptors  =  “ACTIVE” COMPLEX
(LPS,PGN, etc.) 

RECEPTOR

NF-kkkkB
pathway

(host cell)
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MAMPs

mucus shedding

oxidative stress
(NO, MPO, etc.)

apoptosis

tissue remodeling 
(MMP, cytoskeleton )

PRRs

bacterial ‘toxins’
(RTX, etc.)

blood-cell trafficking

reciprocal change in 
partner gene expression

symbiont aggregation

autoinducers

THE LANGUAGE OF SYMBIOSIS

Summary



SUMMARY

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

QuickTime™ and a
TIFF (LZW) decompressor

are needed to see this picture.

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



Acknowledgments

Collaborators

U Wisc

E Ruby

Inoculation

[S Nyholm (U Conn)]

Maintenance

A Wier
E Heath-Heckman

Development

[C Chun - Stanford
M Goodson
J Troll L Tong
T Koropatnick M Altura

[J Kimbell - Hawaii Biotech]
[M Montgomery (Macalaster] 
[J Foster (U Florida)]
[J Doino (U Hawaii)]
[L Lamarcq (Clontech)]

McFall-Ngai Lab

Funding

NSF-Developmental Biology             NIH-NIAID                    WM Keck Foundation
[NIH-NCRR, E Ruby]

Specificity

M Castillo
[W Crookes (Wright-Patterson)]
[B  Janssens] 

[J Stewart (Systems Biology]
[S Davidson (U Washington)]
[M Nishiguchi (N Mexico St U)]
[V Weis (OSU)]
[A Small (Queen’s Hospital)]
[C Brennan (Stanford)]

U Iowa

M Apicella
J Weiss

UCSF

B Gibson
N Phillips

U Georgia

E Stabb

Wash U St 

W Goldman

U Illinois

R Gaskins

Northwestern

B Soares

U Washington

P Greenberg

U Mass Med

N Silverman

U Newfoundland

M Rise

Nell Bekiares



2nd ASM Beneficial Microbes Conference
October 12-17, 2008
Mission Bay, San Diego

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






