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Propensity	
  against	
  horizontal	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  gene	
  transfer	
  

By	
  partnering	
  with	
  one	
  another,	
  animals	
  and	
  bacteria	
  increase	
  their	
  scope.	
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Above-­‐	
  and	
  below-­‐ground	
  impacts	
  of	
  introduced	
  predators	
  
in	
  seabird-­‐dominated	
  island	
  ecosystems	
  
Fukami	
  et	
  al.	
  (2006)	
  Ecology	
  LeQers	
  	
  9:1299-­‐1307	
  

Examining	
  all	
  components	
  and	
  levels	
  of	
  an	
  ecosystem	
  [2	
  Ecology	
  –	
  Nested	
  Ecosystems]	
  

Compared	
  offshore	
  islands	
  of	
  New	
  Zealand	
  
	
  	
  	
  	
  	
  -­‐	
  rat-­‐free	
  vs.	
  rat-­‐invaded	
  	
  

	
  
Measured:	
  	
  

	
  vegetabon	
  density	
  
	
  seabird	
  abundance	
  
	
  liper	
  invertebrates	
  
	
  soil	
  invertebrates	
  and	
  microbiota	
  
	
  soil	
  nutrients	
  and	
  chemistry	
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  abundance	
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  invertebrates	
  
	
  soil	
  invertebrates	
  and	
  microbiota	
  
	
  soil	
  nutrients	
  and	
  chemistry	
  

Seabird	
  abundance	
  down	
  24-­‐fold	
  	
  
on	
  rat-­‐invaded	
  islands	
  

Disrupbng	
  sea-­‐land	
  nutrient	
  transport	
  
(guano	
  deposibon	
  on	
  the	
  island)	
  



Cascading	
  effects	
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Cascading	
  effects	
  

Soil	
  on	
  rat-­‐invaded	
  islands:	
  	
  
	
  	
  	
  	
  nutrients	
  –	
  down	
  20-­‐60%	
  
	
  	
  	
  	
  pH	
  up	
  ~2	
  units	
  (4.8	
  to	
  6.6)	
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Symbioses	
  –	
  classic	
  nested	
  ecosystems	
  

[2	
  Ecology	
  –	
  Nested	
  Ecosystems]	
  

Dominguez-­‐Bello	
  (2010)	
  Proc	
  Natl	
  Acad	
  Sci	
  USA	
  107:	
  11971-­‐5	
  &	
  	
  (2011)	
  Gastroenterology	
  140:1713-­‐9.	
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Any	
  evidence	
  for	
  bacteria	
  parbcipabng	
  in	
  the	
  evolubon	
  
of	
  mulbcellularity?	
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1	
  µm	
  

20	
  µm	
  

Fairclough,	
  Dayel	
  and	
  King	
  (2010)	
  Curr	
  Biol	
  20:R875-­‐6.	
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Any	
  evidence	
  for	
  bacteria	
  driving	
  major	
  milestones	
  in	
  
animal	
  evolubon?	
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Host:bacterial	
  partners	
  -­‐	
  	
  
	
  

1:10	
  cell	
  number	
  (1013	
  host	
  cells/1014	
  bacterial	
  cells)	
  
1:1	
  gene	
  number	
  (30,000	
  in	
  1013/3,000	
  in	
  1014)	
  
1:200	
  gene	
  diversity	
  

Is	
  there	
  a	
  genomic	
  signature?	
  

The	
  ‘Ecosystem’	
  

Victoria	
  Orphan,	
  Prof.	
  Caltech	
  

Perhaps	
  you	
  aren’t	
  the	
  person	
  you	
  think	
  you	
  are.	
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Host:bacterial	
  partners	
  -­‐	
  	
  
	
  

1:10	
  cell	
  number	
  (1013	
  host	
  cells/1014	
  bacterial	
  cells)	
  
1:1	
  gene	
  number	
  (30,000	
  in	
  1013/3,000	
  in	
  1014)	
  
1:200	
  gene	
  diversity	
  

Is	
  there	
  a	
  genomic	
  signature?	
  

37%	
  Bacterial	
  

16%	
  Animal	
  

13%	
  Vertebrate	
  

	
  	
  6%	
  Primate	
  

	
  28%	
  Eukaryobc	
  

The	
  ‘Ecosystem’	
  

Origin	
  of	
  host	
  genes	
  

Victoria	
  Orphan,	
  Prof.	
  Caltech	
  

Perhaps	
  you	
  aren’t	
  the	
  person	
  you	
  think	
  you	
  are.	
  



(Domazet-­‐Loso	
  and	
  Tautz,	
  2008)	
  	
  

The	
  evolubonary	
  trajectory	
  to	
  humans	
  in	
  19	
  steps	
  -­‐	
  	
  
	
  

Ques>on:	
  At	
  which	
  steps	
  in	
  evolubon	
  did	
  the	
  human	
  genes	
  evolve?	
  
	
  

Method:	
  All	
  available	
  proteins	
  sequences	
  were	
  used	
  to	
  create	
  a	
  phylographic	
  framework,	
  within	
  which	
  the	
  
posibons	
  of	
  human	
  protein	
  sequences	
  (~23,	
  000)	
  were	
  idenbfied.	
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Origin	
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(Domazet-­‐Loso	
  and	
  Tautz,	
  2008)	
  	
  
Phylostrata	
  

(1,760/22,937)	
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ANIMALS	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  BACTERIA	
  

Effects	
  on	
  bacterial	
  gene	
  evolubon:	
  
	
  
Examples:	
  
	
  

1. Extreme	
  genome	
  reducbon	
  in	
  the	
  	
  
	
  	
  	
  intracellular	
  symbionts	
  of	
  insects	
  	
  

2.	
  Diversificabon	
  of	
  metabolic	
  pathways	
  	
  
	
  	
  	
  	
  	
  	
  	
  in	
  response	
  to	
  host	
  niche	
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fer6liza6on	
  

	
  embryogenesis	
  

[metamorphosis	
  /	
  
seglement]	
  

morphogenesis	
  

morphogenesis	
  

sexual	
  	
  
matura6on	
  

maintenance	
  

Ver6cally	
  
transmiged	
  	
  
symbionts	
  	
  

Horizontally	
  
transmiged	
  
symbionts	
  

Bacteria-­‐derived	
  
environmental	
  signals	
  

Horizontally	
  
transmiged	
  
symbionts	
  

	
  

B	
  

D	
  A	
  

C	
  

[5	
  Development]	
  

Bacteria	
  influence	
  animal	
  development	
  at	
  many	
  levels,	
  	
  
egg	
  to	
  mature	
  adult.	
  



[5	
  Development]	
  

Many,	
  if	
  not	
  most	
  marine	
  invertebrate	
  larvae	
  that	
  seple	
  on	
  hard	
  substrates	
  
require	
  bacterial	
  biofilms	
  for	
  seplement	
  and/or	
  metamorphosis.	
  	
  

20	
  μm	
  50	
  μm	
  

Hadfield	
  (2011)	
  Annu	
  Rev	
  Mar	
  Sci	
  3:453.	
  

Hydroides	
  elegans	
  



[5	
  Development]	
  

Idenbfied	
  a	
  bacterial	
  species,	
  Pseudoalteromonas	
  luteoviolacea,	
  
that	
  is	
  a	
  strong	
  inducer	
  of	
  metamorphosis.	
  
	
  

Through	
  transposon	
  mutagenesis,	
  they	
  idenbfied	
  mutants	
  
defecbve	
  in	
  inducbon	
  of	
  larval	
  seplement.	
  	
  
	
  

Obtained	
  full	
  genome	
  sequence	
  of	
  P.	
  luteoviolacea.	
  	
  
	
  

Defined	
  genes	
  essenbal	
  for	
  inducbon	
  of	
  larval	
  seplement	
  	
  
	
  	
  	
  	
  	
  (4	
  genes	
  cribcal;	
  e.g.,	
  adhesins,	
  biofilm	
  formabon,	
  type	
  VI	
  secrebon).	
  

Hadfield	
  (Ying	
  Huang)	
  and	
  Callahan	
  lab:	
  

IDENTIFYING	
  THE	
  MECHANISM	
  	
  

10	
  µm	
  

Bacteria	
  under	
  post-­‐seplement	
  larvae	
  

Huang,	
  Callahan	
  &	
  Hadfield	
  (in	
  press)	
  Scient	
  Rep	
  



Symbiont	
  induc6on	
  of	
  host	
  6ssue	
  development	
  	
  
	
  	
  	
  	
  	
  	
  	
  -­‐	
  evolu6onarily	
  conserved	
  processes	
  

MAMPs	
  (pepbdoglycan	
  monomer	
  and	
  LPS)	
  from	
  
	
  	
  	
  	
  	
  the	
  gram-­‐negabve	
  symbiont	
  induces	
  epithelial	
  	
  
	
  	
  	
  	
  	
  development.	
  	
  [Koropatrick	
  et	
  al.	
  (2004)	
  Science]	
  

Euprymna	
  scolopes	
  -­‐Vibrio	
  
fischeri	
  light	
  organ	
  symbiosis	
  

aeer	
  MAMPs	
  induc>ve	
  signal	
  
delivered	
  at	
  12	
  h	
  	
  

Taming	
  of	
  the	
  MAMPs	
  

PGN	
  monomer	
   LPS	
  X	
   X	
  

EsPGRP2	
  

Alkaline	
  phosphatase	
  

[Troll	
  et	
  al.	
  (2010)	
  Env	
  Microbiol]	
  
[Leulier	
  -­‐	
  drosophila]	
  	
  

[Rader	
  et	
  al.	
  (In	
  prep)]	
  	
  
[Guillemin	
  -­‐	
  zebrafish]	
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  evolu6onarily	
  conserved	
  processes	
  

MAMPs	
  (pepbdoglycan	
  monomer	
  and	
  LPS)	
  from	
  
	
  	
  	
  	
  	
  the	
  gram-­‐negabve	
  symbiont	
  induces	
  epithelial	
  	
  
	
  	
  	
  	
  	
  development.	
  	
  [Koropatrick	
  et	
  al.	
  (2004)	
  Science]	
  

Euprymna	
  scolopes	
  -­‐Vibrio	
  
fischeri	
  light	
  organ	
  symbiosis	
  

Mus	
  musculus	
  -­‐	
  gut	
  consorbal	
  
symbiosis	
  

MAMPs	
  (pepbdoglycan	
  monomer)	
  from	
  the	
  	
  
	
  	
  	
  	
  	
  	
  gram-­‐negabve	
  component	
  of	
  the	
  consorbum	
  	
  
	
  	
  	
  	
  	
  	
  induces	
  GALT	
  development.	
  	
  
	
  	
  	
  	
  	
  	
  [Bouskra	
  et	
  al.	
  (2008)	
  Nature]	
  

aeer	
  MAMPs	
  induc>ve	
  signal	
  
delivered	
  at	
  12	
  h	
  	
  

Taming	
  of	
  the	
  MAMPs	
  

PGN	
  monomer	
   LPS	
  X	
   X	
  
[Troll	
  et	
  al.	
  (2010)	
  Env	
  Microbiol]	
  
[Leulier	
  -­‐	
  drosophila]	
  	
  

[Rader	
  et	
  al.	
  (In	
  prep)]	
  	
  
[Guillemin	
  -­‐	
  zebrafish]	
  	
  

EsPGRP2	
  

Alkaline	
  phosphatase	
  

Taming	
  of	
  the	
  MAMPs	
  -­‐	
  
	
  

modulabon	
  of	
  MAMPs/PRR	
  acbvity	
  
	
  

See	
  Eberl	
  and	
  Boneca	
  (2010)	
  	
  
Curr	
  Opin	
  Immunol	
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Un>l	
  recently	
  –	
  	
  
no	
  mechanism	
  for	
  bacterial	
  communicabon	
  
known.	
  
	
  
Quorum	
  sensing	
  –	
  bacterial	
  pheromones,	
  both	
  
intra-­‐	
  and	
  interspecific;	
  bacteria	
  respond	
  when	
  at	
  
high	
  density.	
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Resident	
  flora	
  
Epinephrine	
  
Norepinephrine	
   Bacterial	
  quorum	
  sensing	
  molecule	
  

The	
  hormones	
  epinephrine	
  and	
  norepinephrine	
  control:	
  
	
  -­‐	
  intes6nal	
  mo6lity	
  
	
  -­‐	
  ion	
  channel	
  ac6vity	
  
	
  -­‐	
  mucosal	
  immune	
  system	
  

-­‐  have	
  a	
  molecular	
  structure	
  very	
  similar	
  to	
  a	
  bacterial	
  	
  
	
  quorum-­‐sensing	
  molecule.	
  	
  

Clarke	
  et	
  al.	
  PNAS	
  2006	
  Courtesy	
  of	
  V	
  Sperandio,	
  UT	
  Southwestern	
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Bacterial	
  adrenergic	
  receptor:	
  QseC	
  
	
  •  QseC	
  is	
  an	
  inner	
  membrane	
  bacterial	
  adrenergic	
  

receptor	
  (Hisbdine	
  kinase).	
  QseC	
  responds	
  to	
  the	
  
bacterial	
  signal	
  AI-­‐3	
  and	
  to	
  the	
  host	
  signals	
  epinephrine	
  
and	
  norepinephrine	
   Marcie	
  Clarke	
  

QseC

AI-3

N

TM1 TM2

C

EAL

His 
Kinase

ATPase
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TM1 TM2
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EAL
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Kinase
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Shiga
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  gene	
  expression
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SCFA!

epinephrine!

PGN!

behavior !

PGN!
PSA!

AMP!

Microbiota "
V	
  

V	
  

other systems/tissues"
(excretory, musculoskeletal, "
integumentary, adipose, etc.)"

quorum signals!
SCFA!

SCFA!
quorum signals!

bile-acid 
derivatives!

TMA!
LPS!

tripeptides!

AMP!

indole!

  nitric!oxide!

PGN!

formyl peptides!

Circulatory "

Immune"

Neuroendocrine"

Digestive"

Mammalian	
  microbiota	
  have	
  profound	
  effects	
  on	
  host	
  biology:	
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Biologists	
  are	
  discovering	
  	
  
the‘mammalian-­‐microbial	
  co-­‐metabolome’	
  

Analysis	
  of	
  the	
  small	
  biomolecules	
  in	
  the	
  	
  
body	
  fluids	
  (blood,	
  sweat,	
  tears,	
  urine)	
  

METABOLOMICS	
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Biologists	
  are	
  discovering	
  	
  
the‘mammalian-­‐microbial	
  co-­‐metabolome’	
  

A	
  large	
  proporbon	
  of	
  a	
  mammal’s	
  
metabolic	
  signature	
  is	
  determined	
  by	
  	
  
the	
  acbvity	
  of	
  the	
  resident	
  microbiota.	
  
	
  
Every	
  cell	
  in	
  the	
  body	
  of	
  an	
  animal	
  is	
  	
  
affected.	
  

Analysis	
  of	
  the	
  small	
  biomolecules	
  in	
  the	
  	
  
body	
  fluids	
  (blood,	
  sweat,	
  tears,	
  urine)	
  

METABOLOMICS	
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  other	
  animals?	
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New	
  technology	
  has	
  revealed	
  that	
  animals	
  are	
  deeply	
  
imbedded	
  in	
  the	
  microbial	
  world,	
  	
  and	
  all	
  aspects	
  of	
  an	
  

animal’s	
  biology	
  are	
  likely	
  to	
  be	
  affected.	
  	
  	
  



Lynn	
  Margulis	
  1938-­‐2011	
  



	
   	
  The	
  Challenge	
  –	
  Intellectual	
  Silos	
  
	
  
	
  	
  The	
  structure	
  of:	
  	
  
	
  	
  

	
  	
  	
  -­‐	
  departments	
  and	
  research	
  ins6tutes	
  at	
  universi6es	
  
	
  
	
  	
  	
  -­‐	
  professional	
  socie6es	
  
	
  
	
  	
  	
  -­‐	
  funding	
  agencies	
  
	
  

	
  	
  	
  	
  



Be	
  bold	
  -­‐	
  Make	
  bridges	
  with	
  microbiologists.	
  
	
  [currently	
  mainly	
  a	
  biomedical	
  focus]	
  

	
  

Beginnings:	
  



Be	
  bold	
  -­‐	
  Make	
  bridges	
  with	
  microbiologists.	
  
	
  [currently	
  mainly	
  a	
  biomedical	
  focus]	
  

	
  
Incorporate	
  much,	
  much	
  more	
  microbiology	
  into	
  
introductory	
  courses.	
  

	
  [currently	
  only	
  a	
  few	
  lectures]	
  
	
  

Beginnings:	
  



Be	
  bold	
  -­‐	
  Make	
  bridges	
  with	
  microbiologists.	
  
	
  [currently	
  mainly	
  a	
  biomedical	
  focus]	
  

	
  
Incorporate	
  much,	
  much	
  more	
  microbiology	
  into	
  
introductory	
  courses.	
  

	
  [currently	
  only	
  a	
  few	
  lectures]	
  
	
  
Socie6es,	
  like	
  SICB,	
  should	
  make	
  a	
  home	
  for	
  this	
  
arena.	
  	
  

	
  [currently,	
  no	
  home]	
  
	
  

Beginnings:	
  



Be	
  bold	
  -­‐	
  Make	
  bridges	
  with	
  microbiologists.	
  
	
  [currently	
  mainly	
  a	
  biomedical	
  focus]	
  

	
  
Incorporate	
  much,	
  much	
  more	
  microbiology	
  into	
  
introductory	
  courses.	
  

	
  [currently	
  only	
  a	
  few	
  lectures]	
  
	
  
Socie6es,	
  like	
  SICB,	
  should	
  make	
  a	
  home	
  for	
  this	
  
arena.	
  	
  

	
  [currently,	
  no	
  home]	
  
	
  
Challenge	
  the	
  funding	
  agencies	
  to	
  support	
  the	
  
developing	
  fron6ers.	
  	
  	
  

	
  [not	
  enough	
  for	
  such	
  a	
  vast	
  horizon]	
  	
  

Beginnings:	
  



Thanks	
  for	
  listening	
  to	
  our	
  story!	
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