
Ocean salinity  
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What else is in the ocean? 
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Legend: CaptionFigure 2: The size range of organic matter and microbial interactions in the ocean.Organic matter has traditionally been divided into dissolved organic matter and particulate organic matter, based on filtration. Here, the full size range of organic matter is shown, from monomers, polymers, colloids and gel particles to traditional particles (divided into particulate organic carbon (POC) and dissolved organic carbon (DOC)). These organic nutrient pools form an intricate three-dimensional architecture of polymers, colloids, gel particles and large aggregates. Living plankton and dead organisms are thought to be embedded in a cobweb-like structure of organic matter that is dynamic over time and space (not shown). The organic matter architecture provides the spatial context within which microorganisms — bacteria, archaea, microalgae, protists and viruses — interact with each other and with the environment. TEP, transparent exopolymer particle. Modified, with permission, from (Ref. 72) © (2004) Elsevier Science.From: Azam F, Malfatti F.. Microbial structuring of marine ecosystems. Nat Rev Micro 5: 782-791Marine snow images: http://www.whoi.edu/oceanus/feature/marine-snow-and-fecal-pellets



“We live now in the "Age of Bacteria." Our planet has always been 
in the "Age of Bacteria," ever since the first fossils—bacteria, of 
course—were entombed in rocks more than 3 billion years ago.”    
   - Stephen Jay Gould 
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• 1977 Carl Woese proposed that Archaea are different from bacteria and constitute a new super-kingdom Archaebacteria. 
• 1990 Woese adopted the term 'domain' for the three new branches of life and shortened the name Archaebacteria to Archaea.  

 

Based on differences in 16S rRNA genes 
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A 16-S rRNA subunit is a small component of a ribosome.  Assumed to be about the most conserved (i.e., slow rates of evolution) of the molecular components.



Bacteria vs. Archaea 
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http://slideplayer.com/slide/10060869/“Peptidoglycan, also known as murein, is a polymer consisting of sugars and amino acids that forms a mesh-like layer outside the plasma membrane of most bacteria, forming the cell wall”“Conjugation is the process by which one bacterium transfers genetic material to another through direct contact. During conjugation, one bacterium serves as the donor of the genetic material, and the other serves as the recipient. The donor bacterium carries a DNA sequence called the fertility factor, or F-factor.”https://www.nature.com/scitable/definition/conjugation-prokaryotes-290Endospore: https://online.science.psu.edu/micrb106_wd/node/6057



"I hadn't been trained as a microbiologist, so I 
didn't have this bias [about impossibility of 
bacterial classification]. (Woese)  

• "Wolfe recalls: 'One Nobel Prize winner, Salvador Luria, 
called me and said, 'Ralph, you're going to ruin your career. 
You've got to disassociate yourself from this nonsense!'"  
 

•  The hostility, Woese said, was shocking. Others soon 
followed, crossing boundaries of common courtesy by 
making fun of Woese. He was called a crank and a crackpot, 
being neither a microbiologist nor an evolutionist (Woese 
was a physicist).  
 

• "Many leading biologists thought Woese was "crazy" and 
that his RNA tools couldn't possibly answer the question he 
was asking. 

Carl Woese 





Nanoarchaeum equitans is a species of marine Archaea that was 
discovered in 2002 in a hydrothermal vent off the coast 
of Iceland on the Kolbeinsey Ridge by Karl Stetter. 
 
400 nm in size with  540 genes in genome. 
 
 

 2 µm 

Ignicoccus hospitalis  

Thermoproteus 
300 nm 

Nanobacteria Examples 
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Thioploca araucae 

Large bacteria Examples 
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Beggiatoa  

Deep sea cold seep – Eel River Seep Salt Marsh 
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Growth in Nature 

Fluorescence of Beggiatoa strain 35Flor filaments obtained by dual staining with DAPI for polyphosphate and Nile Red or MDY-64 for lipid detection. a Lipid layers o  
spherical structure and different sizes are visible by staining with Nile Red. b In the same filament, stained with DAPI, polyphosphate inclusions of different sizes are 
visible by a yellow fluorescence signal. c An overlay of the Nile Red and DAPI fluorescence shows the existence of lipid layers for most of the large and some of the 
small polyphosphate inclusions. d Staining with MDY-64 reveals the same pattern of lipid layers as for Nile Red staining. e Polyphosphate inclusions of different sizes. 
f The overlay of MDY-64 and DAPI fluorescence reveals that most polyphosphate inclusions are enclosed by a lipid layer indicating a membrane. Note The detected 
internal lipid layers do not exclusively surround polyphosphate inclusions. Scale bars represent 5 μm 
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Naming Energy Metabolisms 

Figure from Canfield et al. (2005) 
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