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Talk outline	



Who are the marine archaea?	


	


Tracking down the MGI archaea	


	


Taming wild archaea to investigate their 

physiology	


	


The elusive Euryarchaeota	


	


	





Who are the marine archaea?	


	





N.R. Pace 1997 

Bacteria	


Archaea	



Eucarya	





N.R. Pace 1997 







modified from Karner et al., Nature, 2001	



Mesophilic archaea are the most abundant cells in the deep ocean 
(and possibly the planet).	
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Contrasting distribution of MGI and MGII	



Mincer et al. 2007	





MGI archaea: Tracking down the most 
abundant cells in the deep ocean	





MGI archaea are autotrophic?	



“The D14C data are consistent with chemoautotrophic 
growth below the euphotic zone.”	



Pearson et al. 2001	





MGI archaea are autotrophic?	



Wuchter et al. 2003	





MGI archaea are heterotrophic?	



Ouverney and Fuhrman 2000	



Uptake of 14C labeled amino acids into archaeal cells.	





MGI archaea are mixotrophic?	



Suggests ~80% of C is 
coming from autotrophy, 
20% from heterotrophy.	



Ingalls et al. 2006	





Venter	
  et	
  al.	
  2003;	
  Treusch	
  et	
  al.	
  2005	
  



Showed that MG1 
archaea can oxidize 
NH3	



	



Grow as 
chemolithoautotrophs	



Konneke et al. (2005), Nature	



The first culture of a marine group 1 
archaea, isolated from gravel at the Seattle 
Aquarium,  Nitrosopumilus maritimus.	





N. maritimus has a high affinity for ammonium	



Martens-Habbena et al. 2009	





A near-complete genome from an 
uncultivated archaea	



Hallam et al. 2006; Berg et al. 2007	





A near-complete genome from an 
uncultivated archaea	



Hallam et al. 2006; Berg et al. 2007	





Thaumarchaea fix carbon using an 
extremely energy efficient pathway	



Konneke et al. 2014	





Brochier-Armanet et al. 2008; Walker et al. 2010; Kelly et al. 2010	





mRNA	



Stewart et al. 2011	



MGI 	


Archaea	



DNA	



Archaea are active in low oxygen waters	





Abundant amoA transcripts in surface 
waters at Station ALOHA	



Church et al. 2010	





Abundance of the shallow ecotype 
correlates with nitrification rates	



from Smith et al. 2014, ISMEJ	





AOB make nitrous oxide (N2O)	
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AOB = ammonia-oxidizing bacteria	





AOB can make and nitrous oxide in two 
ways	
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Can archaea make N2O?	
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Walker et al. (2010), PNAS	





Interpreting N2O profiles requires some 
information about microbial physiology	
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Taming wild archaea	





Growth rate = 0.17 d-1 , doubling time ~4 d	


Santoro and Casciotti, 2011; ISMEJ	



Enrichment ‘CN25’ from the North Pacific	





CN25 is the ‘shallow’ AOA ecotype	







Measuring N2O production	



HgCl2 

6 weeks	



killed	

 live	



N2O produced =	


 live - killed	





Marine archaea do make N2O 	



Santoro et al. 2011	





Determining the source of O atoms	
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Most of the O in N2O comes from O2	



NH3	



O2	



NH2OH N2O	



H2O	



ONO-	

 N2O	







Nitrosopelagicus brevis CN25	


1,232,128 bp	





Nitrosopelagicus brevis CN25	


1,232,128 bp	



N. brevis is a streamlined archaeal 
genome.	





Small genomes are features of other model 
oligotrophic microbes	



	
  	
   Size	
  (Mbp)	
   %GC	
   #	
  of	
  genes	
  
N.	
  brevis	
  	
   1.23	
   33	
   1501	
  
N.	
  mari,mus	
   1.65	
   34	
   1842	
  
Prochlorococcus	
  marinus	
  AS9601	
   1.67	
   31	
   1988	
  
Pelagibacter	
  ubique	
  HTCC1062	
   1.31	
   30	
   1394	
  
Methylophilales	
  sp.	
  HTCC2181	
  
(OM43)	
   1.30	
   38	
   1377	
  

SAR86	
   1.7	
   33	
   1712	
  



N. brevis cuts out redundancy	



Reduced numbers of:	


Transcriptional regulators	


Histidine kinases	


ABC transporters	


Plastocyanins/MCOs	


	


	


	





Despite its small genome, N. brevis makes 
its own vitamins and cofactors:	



•  Vitamin B12	



•  Vitamins B1, B2, B5, B7	



•  Cofactor F420	



•  All amino acids	





Nitrosopelagicus brevis CN25	


1,232,128 bp	





Seventy percent of the predicted 
proteome is translated during ‘normal’ 
growth.	



Proteome data: Mak Saito, Matt McIlvin, Dawn Moran (WHOI)	





N. brevis	



N. maritimus	





Full genome comparison with other 
thaumarchaea underscores significant differences	



	
  	
   Cenarchaeum	
   N.	
  limnia	
   N.	
  koreensis	
   N.	
  gargensis	
  N.	
  mari,mus	
  N.	
  brevis	
  
Cenarchaeum	
   100	
   	
  	
   	
  	
   	
  	
   	
  	
   	
  	
  
N.	
  limnia	
   59	
   99	
   	
  	
   	
  	
   	
  	
   	
  	
  
N.	
  koreensis	
   58	
   78	
   99	
   	
  	
   	
  	
   	
  	
  
N.	
  gargensis	
   53	
   63	
   62	
   99	
   	
  	
   	
  	
  

N.	
  mari,mus	
   64	
   76	
   82	
   38	
   100	
   	
  	
  
N.	
  brevis	
  	
   57	
   66	
   69	
   34	
   75	
   100	
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N. brevis averages only 75% ortholog identity with N. 
maritimus.	







GOS data 
mapped at 
90% 
nucleotide ID	







The N. brevis genome is a new tool to 
help us understand metagenomic and 
metaproteomic data from the ocean.	





N. brevis temperature optimum is similar 
to surface ocean temperatures	



Data: Paul Carini	





The GOS data only tell part of the story	





The GOS data only tell part of the story	





N. maritimus ‘blooms’ in hydrothermal 
vent plumes and coastal waters	





Does ‘high’ ammonium flux favor N. maritimus?	





There are a lot of thaumarchaea in the ocean 
that aren’t N. brevis or N. maritimus	





The elusive Euryarchaeota	





Contrasting distribution of MGI and MGII	



Mincer et al. 2007	





Frigaard et al. 2006; Delong et al. 2007	





Marine group II Euryarchaeota (MGII): ���
abundant and uncultured	



•  Can reach abundances of >104 cells mL-1, found in coastal, open 
ocean, and Arctic habitats	



•  Contain proteorhodopsin, potential photoheterotrophs	


•  Have been found to correlate with Chl a concentrations	



Galand et al. 2010	







Questions:	


What are MGII doing on particles?	



Are there interactions between MGII and picoeukaryotes?	


Is there a link between POM and MGII ecology?	



Archaea have been detected on POM and PON	



Wells et al., 2006 L&O 



Collaborators:	


Mak Saito	


Chris Dupont	



Culture and genomic work:	


NSF Bio OCE	


UMCES start up funds	


WHOI Ocean Life 

Institute	


Proteomics and MGII:	



Gordon and Betty 
Moore Foundation	
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Thank you!!!	




