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Overview: continental and marine 
microbial systems 
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What	  do	  they	  share?	  How	  are	  they	  
different	  from	  a	  microbial	  perspec�ve?	  
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How	  do	  they	  respond	  to	  pertuba�ons?	  
OR	  

what	  affects	  their	  distribu�on?	  





Geochemical/geological	  
‘perturba�ons’?	  
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Back Arc Spreading Center 
(Eastern Lau Spreading Center) 
 

Influence of subduction on melting, crustal 
composition/structure 

Variable distance between spreading axis and arc 
volcanism 
Effects of geographic isolation on biology 

High	  CO2,	  low	  H2	  
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MOR-‐like	  chemistry	  
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ELSC:	  bacterial	  and	  archaeal	  communi�es	  
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ELSC:	  bacterial	  and	  archaeal	  communi�es	  
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The	  energy	  of	  reac�on:	  
	  

HCOO-‐	  +	  H2O	  →	  HCO3
-‐	  +	  H2	  	  	  	  	  	  	  

ΔG0'	  =	  +1.3	  kJ/mol	  
	  
was	  always	  considered	  to	  be	  insufficient	  to	  
support	  microbial	  growth	  

But at 80C….ΔG0‘‘ varied from -8 to 
-20 kJ/mol  

Kim et al., Nature, 2010, 467:352-355 

Anaerobic formate oxidation by Thermotogales 
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Thermotogales	  are	  not	  at	  con�nental	  hotsprings	  (with	  an	  excep�on)	  
	  



Like	  other	  groups…..	  	  
See	  their	  distribu�on	  at	  LAU	  
trending	  with	  the	  sites.	  	  
	  
	  
	  
	  
	  
Ferrera	  et	  al.,	  2014,	  Syst	  Appl	  
Micro.	  	  	  
	  	  

	  

ASE	  study:	  Aquificales	  



Case	  Study:	  Aquificales	  in	  con�nental	  
systems	  
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MICROPROFILES	  

Hydrogen	  

Oxygen	  

Responding	  to	  perturba�ons:	  
Metabolic	  flexibility	  ..	  	  

Hamamura	  et	  al.,	  Environ	  Micro	  
Takacs-‐Vesbach	  et	  al,	  Fron�ers	  in	  Extreme	  
	  micro	  



Veloci�es	  ~	  0.05	  -‐	  0.3	  m	  s-‐1	  	  	  	  	  	  	  	  

85 oC  75 oC  65 oC  55 oC  

Air-‐Water	  Gas	  Exchange	  
Source	  Water	  	  

Stygiolobus, Caldisphaera, Hydrogenobaculum, Metallosphaera, Acidimicrobium 
 

 

Geothermobacterium, Caldococcus, Desulfurococcus, Sulfurihydrogenibium, Thermus 
 

 

Thermofilum, Thermocrinis, Thermus, Thermomicrobium, Rhodothermus 
 

 

 Sulfurihydrogenibium 

O2(g)	  

H2S(aq)	  Site	  (pH)	  

 
 

 
 
 

 

NGB-SS (3.1) 
 
JC3 (6.2) 
 
NGB-PS (7) 
 
CS (8)  

Figure	  x.	  A	  conceptual	  summary	  of	  the	  distribu�on	  of	  16S	  rRNA	  genes	  indicated	  using	  genus	  names	  of	  closest	  cul�vated	  rela�ves	  as	  a	  func�on	  of	  distance	  from	  
geothermal	  source	  for	  representa�ve	  geothermal	  sites	  included	  in	  this	  study	  (Table	  1).	  The	  exact	  posi�on	  of	  each	  microbial	  popula�on	  with	  respect	  to	  
temperature	  is	  not	  absolute,	  but	  the	  trends	  in	  phylogene�c	  change	  down-‐gradient	  of	  geothermal	  discharge	  are	  represented	  along	  an	  O2	  gradient	  ranging	  from	  
below	  detec�on	  (green)	  to	  satura�on	  (white).	  Members	  of	  the	  Aquificales	  are	  highlited	  in	  brown	  font.	  

Hamamura	  et	  al,	  Inskeep	  et	  al,	  	  
	  



Takacs-‐Vesbach	  et	  
al,	  2008	  

The	  pa�ern	  of	  distribu�on	  suggests	  
that	  major	  geological	  events	  in	  the	  
past	  2	  million	  years	  explain	  more	  of	  
the	  varia�on	  in	  sequence	  diversity	  in	  
this	  system	  than	  do	  contemporary	  
factors	  such	  as	  habitat	  or	  geographic	  
distance.	  
	  
with	  each	  of	  the	  volcanic	  erup�ons	  in	  
Yellowstone,	  ancestral	  thermophiles	  
went	  ex�nct	  within	  the	  calderas	  and	  
as	  new	  springs	  formed,	  they	  were	  
subsequently	  colonized	  from	  
peripheral	  sites	  that	  survived	  outside	  
the	  calderas.	  
	  

The	  calderas	  delineate	  biogeographical	  	  
provinces	  for	  Aquificales	  in	  Yellowstone	  	  
	  



Not	  only	  chemistry	  –	  interspecies	  
interac�ons—	  snails	  and	  
endosymbionts	  at	  LAU	  

  Bein	  

Host I 
+ γ 1 

Host III 
+ γ Lau 

Host II 
+ε 

Beinart	  et	  al,	  2012	  PNAS	  

Courtesy	  Pete	  Girguis	  



Not	  only	  chemistry	  –	  interspecies	  
interac�ons—	  Case	  study:	  

Nanoarchaeota	  and	  their	  hosts	  
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YY..  CCzziicchhooss  

The illusive Nanoarchaeota 



Nanoarchaeum
. equitans 

Ignicoccus hospitalis 

H. Huber et al. (2002) Nature, 417, 63. 

Kolbeinsey	  Ridge,	  Iceland	  
	  

	  
McClimment	  et	  al.,	  first	  colonizer	  of	  deep-‐sea	  vent	  chimney	  



 

Nanoarchaeum equitans:  
 
-  Strict dependence on attachment to Ignicoccus hospitalis surface   Huber et al. (2002) 
and direct evidence of small molecule acquisition from host Jahn et al (2005, 2008) 
 
-  Little effect on Ignicoccus lab co-cultures (commensal/parasite?) Jahn et al (2008) 

-  Apparent strict host specificity     Jahn et al (2008) 

-    Representative of a distinct archaeal phylum ?  
 
 

Ignicoccus hospitalis 
  
- 90oC, marine, obligate chemolithoautotroph (CO2, H2/S0) 
 
Huber et al. (2000) Paper et al. (2007) 



Euryarchaeota	  

Crenarchaeota	  
Nanoarchaeota	   Crenarchaeota	  

Nanoarchaeota	  

Euryarchaeota	   Thermooccales	  …	  

vs.	   vs.	  

Euryarchaeota	  

Crenarchaeota	  

Nanoarchaeota	  



Terrestrial 

Marine 

Global distribution: >500 SSU rRNA sequences 

  a few from non-thermal sites (saline) (Cassanueva et al 2008) 
  Jncluding more data from 454 pyrosequencing characterizations 



pH	  2.5	  

T	  90	  o	  C,	  pH	  9	  

pH	  6	  

<5% sequence divergence 



>95% sequence identity 
 
31 OTUs at 98% 

Yellowstone Nanoarchaeota diversity 

Mike	  Robeson	  



Terrestrial	  Nanoarchaoeota,	  who	  are	  
their	  hosts,	  or	  do	  they	  have	  hosts?	  

Obsidian	  Pool,	  	  
Yellowstone	  Na�onal	  Par 	  
	  
T~	  80oC,	  pH	  ~	  5.5-‐6	  



Targeted single cell genomics and metagenomics 

Single cells or  
populations 



Podar	  et	  al	  2013,	  



Terrestrial 

Marine 

Global distribution: >500 SSU rRNA sequences 

Free living? 



New	  Zealand	  Nanos	  
~74C,	  pH	  6.45	  





Conclusions 
  Some commonalities between continental and marine 

microbial systems 
  You are what you eat  
  What you eat depends on host rock, mineralogy, fluid 

flowpaths, water-rock reactions, time, interactions 
with your Nanoarchaeotes  etc. 

  Just scratching the surface re. what drives microbial 
diversity and colonization in hot springs 

 but clearly the geology/geochemistry and biology are 
very deeply interconnected both in continental and 
marine systems 
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