
Archaea in the environment 
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BACTERIA 
 
1987: 12 phyla/class 
 
1999: 36  
 
2008: 40 
 
2011: ~50 



Dominant bacterial phyla in soil 

(2,920 clones, 21 libraries; Janssen 2006).  

Ranked genomes: 
 
Proteobacteria 
Firmicutes 
Actinobacteria 
Cyanobacteria 
Spirochaetes 
Bacteroidetes 

16S rRNA Clones 

http://aem.asm.org/content/vol72/issue3/images/large/zam0030665400001.jpeg




History 

Alessandro Volta found that 
“combustible air” (methane) is 
produced in lakes and bogs in the 
early 1800’s. 

Archaea recognized as “the third domain” 
1977, discovery by Carl Woese 
 



 
• Relatedness of all organisms 
 

•The origin of life 

A universal tree of life 



Macro molecules that are used to determine evolution 

• Universal molecule 
 

• Sequence comparisons possible 
  (nucleotide or amino acid) 
 

• The same function in all organisms 
 
 
The rate of evolution in the molecule must correspond to the  
evolutionary distance between the organisms. 
 

Evolutionary chronometer? 



Ribosomal RNA genes 

• Likely antiquity of protein-synthezising machinery 
• Pioneering work by Carl Woese in 70’s 

16S rRNA in prokaryotes 
 
(18S rRNA in eukaryotes) 

70S ribosome 

50S subunit 
30S subunit 

16S rRNA 
(1,500 bp) 

5S and 23S rRNA 
(120 and 2,900 bp) 



16S rRNA 

Universally conserved regions 
 
Semi-conserved regions 
 
Variable regions 
 
 
Signature sequences can be 
used to design molecules that 
target different regions to 
”catch” certain species, genera, 
families etc.  



Prokaryotes are single celled organisms that 
do not have a nucleus, mitochondria or any 
other membrane bound organelles. 
 
Instead everything is openly accessible within 
the cell, some free floating, some bound to the 
walls of the cell membrane,  
 
Prokaryotes come in two sorts, Archaea and 
Bacteria. 
 
As different, if not more different, from each 
other, than they are from protozoans, fungi, 
plants and us.  

Prokaryotes 



Bacterial vs Archaeal properties 

• Lipids ether-linked to glycerol 

• Glycerol-1-phosphate instead of glycerol-3-phosphate in membranes 

• Unique metabolic pathways (e.g. methanogenesis) among Archaea 

• Despite the fact that the archaea are prokaryotes, the information machinery 
 (replication, transcription, recombination, repair, translation) is homologous to 
 that of eukaryotes 

• Most extremophilic species are archaea (but majority of archaea are not) 



Two main branches (phyla) 

Euryarchaeota 

Crenarchaeota 

Additional phyla debated: 

”Korarchaeota” 
”Thaumarchaeota” 

(”Nanoarchaeota” 
probably not phylum) 



Archaea in soil 



Archaea in soil 
• Research on the diversity of "non-extreme" 

Archaea in soil is a rather new sector 
 
• Discovery of the novel Crenarchaeota in 

Finnish forest soil (1996).  
 
• Crenarchaeal communities are always found 

in grassland soils in high numbers, where 
their ecological function is unknown  
 

• Archaea account up to 10% of the microbial 
biomass in arable soils 
 

 



Hyperthermophiles 



                                       Hot springs 

http://scienceprofonline.googlepages.com/Grand_prismatic_spring_yellowstonego.jpg/Grand_prismatic_spring_yellowstonego-full.jpg


Extreme halophiles 



Halophilic blooms 

http://scienceprofonline.googlepages.com/salt_saltlake_halophile_USGS.jpg/salt_saltlake_halophile_USGS-full.jpg


Alkalophiles 
• Organisms growing optimally at pH 8.5 – 11 
• Very widely distributed in the environment 
• Archaea prevalent in haloalkaline (soda) lakes 

(Natronococcus, Natronobacterium) 
• Include bacteria (Bacillus alkalophilus, B. firmus), fungi, 

yeasts 



Euryarchaeota 

Crenarchaeota 

● Low-temperature aquatic and terrestrial species  

● Low-temperature aquatic and terrestrial species  ● (Hyper-)thermophiles 

Archaea are often (but majority are not) extremophiles: 
Anaerobes, thermophiles, acidophiles, alkalophiles, halophiles etc. 

● Methanogens ● (Hyper-)thermophiles ● Halophiles 

Archaea – main physiological groups 



Methanogens 



H2 + CO2 CH4  
CH3COOH 

Organic  
compounds 

Primary fermentation 

CH4 producing processes 

(Acetate) 





GHG emissions by sector 



Anaerobic digestion to methane 





Methanogens in wetlands and rice paddies 

CH 4 O 2 

Diffusion through aerenchyma 
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Diffusion through aerenchyma 
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Importance of root - derived carbon Identification of key players 

13CO2 

13C-exudates 

13C-labelled DNA 
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Soil types select type of methanogens 

colonizing rice roots 

Type of methanogens result in 

differences in CH4 emissions 

Conrad et al., 2008 
Global Change Biology 

Selection matters – some types emit more methane 



Exudates 
Primary fermenting bacteria 

Fatty acids, alcohols 
Secondary fermenting bacteria 

H2, CO2, HCO2
- 

Methanogens 

CH4
 

 

Diffusion through aerenchyma 

CH4
 

 

Methane mitigation strategies 



There are 90,000 known rice cultivars with 

large variations in genotype and phenotype  

Differences in CH4 emissions between 

cultivars that can reach up to 500% 

Selection of rice genotypes for lower 
methane emission  

Gogoi et al. 2008. 
Agron. Sustain. Dev. 
28: 181–186 



Biogas for production of heat, 
electricity of vehicle fuel 

Waste and crop 
materials as 
substrate for biogas 
producing organisms 

Biogas (CH4 and CO2) production: 



A heat-loving archaeon capable of 
fixing nitrogen at 92 ºC discovered 
2006. 
 
Earth's earliest lineages of organisms 
capable of N-fixation. 
 
Preceding the kinds of bacteria 
today's plants and animals rely on to 
fix N.  
 
Nitrogenase is possibly derived from 
a nitrogenase present in the last 
common ancestor of modern life. 

Archaeal N-fixation 
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N-fixation 

Nitrification 

Mineralization 

AIR  
 
 
SOIL/WATER 

Denitrification 

Dissimilatory nitratreduction to 
ammonium (DNRA) 

N-cycle 

Assimilation 

Assimilation 

N2H2 

Anammox 

NH2OH 

Bacteria and Archaea in N-cycling 



Archaea in nitrification 
Recent findings include: 

2004: amoA gene coding for ammonia oxidation in Archaea in 
 Sargasso  sea, suggests ammonia oxidizing archaea (AOA) 

2005: novel amoA genes in Archaea clones from German soil 



  

amoA amoA amoB 

NH NH4
+ NH2OH NO2

- NO 3
- 

Screening of a 1215 Mb  soil metagenomic library 

Treusch et al. 2005 
Env Microbiol 
7, 1985-1995 



Archaea in nitrification 
…. 

2005: First isolate, first observed nitrification in the marine archaea 
 Nitrosopumilus maritimus 

NH3 oxidation and CO2 fixation 



Archaea in nitrification 
…. 

2005: Diversity of AOA in sea water and sediment 

2006: AOA dominate over AOB in soils 

2010: AOB active ammonia oxidizers in N rich soil, AOA in N poor soil 

2011: First AOA soil isolate 





Archaea predominate among ammonia-
oxidizing prokaryotes in soils  



AOA to AOB ratio in soil 

By soil depth: 
0-10 cm        55:1 
20-30 cm     170:1 
40-50 cm   1125:1 
 
The presence of a gene does not prove function. 
 
N turnover rates? 



  
 
Archaeal ammonia oxidizers typically dominate in soils, but not always. 
 
Why? Does it matter? 
 

©Söderström 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

(Wessén et al, 2010 Appl Soil 
Ecol) 



 Spring    Summer   Fall       Winter 



Ammonia oxidizing 
bacteria 

Ammonia oxidizing 
archaea 

(Wessén et al, 2011 ISME J) 

- pH 
- Clay 

+ Tot-C 
+ Tot-N 

Abundance (quantative PCR amoA) 



a, Km of AOA (red), AOB strains (green), in situ nitrification in ocean water (blue) and soils (brown), as well as the lowest Km 
for ammonium assimilation of diatoms and heterotrophic bacteria (grey). Km values are given for activity measurements 
(circles) and growth (diamonds). 
b, Specific affinitiy (a0) of AOA (red), AOB(green), as well as the highest values for ammonium-assimilating diatoms, and 
heterotrophic bacteria (grey). 
 
(Martens-Habbena et al. Nature, 2009) 

High-affinity ammonia oxidation by AOA dominates in oligotrophic environments. 
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