
Bacteria in the Environment 



T
re

e
 o

f 
L

if
e

 
Is there anything but  microbes …. 



Energy source 

Nutrients and 
carbon source 

Cell components                         Growth 

1. Synthesis 
(Anabolism) 

2. Generate energy 
(Catabolism) 



• Mo’s have  much longer evolutionary history 

• Initially access to all habitats on Earth 

• Survived the largets span of  conditions 

• Short generation times 

• Inter-species gene transfer 
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Billion years from now    

Prokaryotes 
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Origins of microbial diversity 



Cyanobacteria 



 

• Introduction of  O2 – major revolution: 

• more oxidized forms 

• formation of  ozone layer           terrestrial habitats! 

• Mo’s altered Earth  

 

 

• More niches were created             increased diversity 

Origins of microbial diversity 



Web of life 
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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 
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Systematics 
Domain 

 
 

Class 
 
 

Order 
 
 

Family 
 
 

Genera 
 
 

Species 
 
 



What is a species? 

”A collection of strains that all share the same major properties but differ in 
one or more significant properties from other collections of strains” 
 
Old species differentiation relied on phenotype. 
 
 
  The species concept:  >70% homology in genome 
                         >97% or 99% homology in entire16S rRNA gene 
 
 

 
The term genome often used instead of species. 

 



BACTERIA 
 
1987: 12 phyla 
 
1999: 36 phyla 
 
2008 40 phyla 



Global patterns 
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Denitrifier Diversity 

Denitrifiers 

Bacteria 
Eukarya 
Archaea 

Denitrifier diversity 



Salinity is a barrier 





Scale in Soil 
Structure 



Soil as a habitat 

Clay soil area: 100 m2/g 
 
Bacteria: 108/g soil 
 
Occupy 0.1-0.3% of the 
protective pore space 

http://www.safs.msu.edu/soilecology/images/birdimages/soil components.jpg�
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Hotspot of activity 

25 to 85% of  
the total activity of the intact 

soil core was associated with the 
particulate organic material, which 

represented 0.4 to 0.08% 
of the total mass of 

the soil cores. 

http://www.frangst.com/Home/index/forces-of-nature/brokenfalling.jpg?attredirects=0�


a) Estimation of OTU richness 
(Operational Taxonomic Unit)  
 
 
 
 
 
 
 
 
b) Abundance of the most 
common OTU 

 
●  desert 
▲ prairie 
■  rainforest 
 

(Fierer et al., 2007) 

Soil microbial diversity 



pH – strong driver for bacterial community 
composition in soil 

Diversity, 
Richness and 

pH 

(Fierer and Jackson, 2006 PNAS) 

3 7 8 9 5 6 4 

Soil pH 



(Janssen, AEM 2006)  

Ranked genomes: 
 
Proteobacteria 
Firmicutes 
Actinobacteria 
Cyanobacteria 
Spirochaetes 
Bacteroidetes 

2,920 16S rRNA Clones 
(21 libraries) 

Dominant bacterial phyla in soil 

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


Color code: 
Proteobacteria 
Firmicutes 
Actinobacteria 
Cyanobacteria 
Spirochaetes 
Bacteroidetes 
 
Chlamydiae 
Chlorobi 
Deinococcus-Thermus 
Acidobacteria 
Chloroflexi 
Aquificae 
Fusobacteria 
Planctomycetes 
Thermotogales 

All Bacterial genomes, 2007, 340 species  



Genome projects 



Comparison between studies 

5 clone libraries (Youssef)                   21 clone libraries (Janssen)                     qPCR (Fierer)  

(Youssef et al. 2009 ISMEJ) 



Taxa distribution in terrestrial ecosystems 

Figure 2 | Niche differentiation at the phylum and class levels. a | The 
relative abundance of bacterial taxa in bacterial communities in soil under 
different land management regimes (Jangid  et al. 2008, SBB). 

(Philippot et al 2009 NRM)  
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Do the dominant bacterial groups display spatial distribution patterns? 
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Quantification of  taxa at 
phylum or class level 
 

Abundance 
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Relative abundance 
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Higher taxa affected by management? 



Habitat-phylotype associations 

Habitat–phylotype associations. A comparison of cultured microbial strains, 
plotting habitat similarity against level of strain relatedness . For taxonomic ranks 
<order, the difference is significant (P < 10−6) (Mering et al. 2007, Science). 

(Philippot et al 2009 NRM)  



Ecological diversity within a lineage? 

How much ecological diversity is there within a taxonomically defined 
bacterial lineage? 

The class Alphaproteobacteria, 
which has more than 100 sequenced 
representatives, is one of the most 
ecologically diverse classes and is 
therefore a particularly good model 
system to use to address this 
question. 
 



Habitat–phylotype associations for the α-proteobacteria 

• Adaptation to open/changing environments associated with genome size 
 expansions and rapid changes in gene repertoires, whereas adaptation 
to  isolated/stable environments reflected in reductive evolution.  
 

• Differences in lifestyle correlate with variations in the genes encoding proteins 
that  have functions associated with environmental interactions, such as 
 regulation and transport (Philippot et al 2009 NRM)  

Ecological coherence in terms 
of habitat preference is 
manifested at genus and 
order level in the phylogeny 
(Ettema et al. 2009, Biol. 
Lett.). 



Spatial patterns were taxon specific 
 
Treatment effects were partly taxon specific 
 
Spatial patterns correlated to soil properties  
 
Members of a bacterial clade defined at high taxonomical ranks shared 
specific ecological traits  
 
 
Hypothesis: 
 
Ecologically meaningful assemblages of bacteria at the 
phylum or class rank suggest that deep branching patterns 
of the 16S rRNA bacterial tree are actually mirrored in 
nature. 

Conclusions and perspective 



Functional guilds 



Bacteria    
• Metabolic pathways 

 
• Chemolitotrophs 

 
• Phototrophs 

 
• Autotrophs 

 
 



Functional groups of bacteria 

Bacteria fall into four functional groups: 
 
1. Most are decomposers – degrade organic matter, cycle C 

and degrade pollutants) 
 

2. A second group of bacteria are the mutualists, e.g. the 
nitrogen-fixing bacteria. 
 

3. The third group of bacteria is the pathogens.  
 

4. A fourth group, called lithotrophs or chemoautotrophs, 
obtains its energy from compounds of N, S, Fe or H instead 
of from C-compounds (Some are important to 
biogeochemical cycling and degradation of pollutants) 



Bacteria in soil 



Bacteria in soil 

• Bacteria along with fungi, are the most  
 important group in organic matter 
 decomposition 
   Fungi 
   Bacteria 
 
• Extracellular compounds help bind soil particles into 
 aggregates  
 

• Specialized groups are involved in each portion of the N-cycle  
 

Actinobacteria with growth form similar to 
fungi produce compounds that give soil its 
distinctive aroma, important degraders 



Actinobateria in soil 
Bacteria with growth form similar to 
fungi. 
 
Degrade recalcitrant compounds, such 
as chitin and cellulose 
 
Active at high pH levels. Fungi are 
more important in degrading these 
compounds at low pH.  
 
Produce compounds (geosmines) that 
give soil its distinctive aroma 
 
A number of antibiotics are produced 
by actinomycetes such as 
Streptomyces. 



Bacteria in N-cycling 

• N-mineralization 

• N-fixation 

• Nitrification 

• Anammox 

• Denitrification 

Symbiotic N-fixation: Bradyrhizobium japonicum and soybean. Important 
nitrogen source for agriculture, especially in develeoping countries and 
organic farming. 
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Bacteria in N-cycling 



Degradation of xenobiotics 

• Bacteria or fungi 
 
• Metabolic or cometabolic or.. 
 
• Aerobic or anaerobic 



Contaminated soil can be restored by microbes. 





Philippot et al. 2009 
Plant and Soil 
 321:61-81 
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Ruiz et al., 2009, FEMS Microbiol. Ecol. 

Plants increase denitrification rates 
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Ruiz et al., 2009, FEMS Microbiol. Ecol. 
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Effects by management? 



Bacterial communities are affected by 
fertilization in terms of  size and structure: 

Numbers Composition 

NMS2 

N
M

S
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Hallin et al. 2009 ISMEJ 
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Ammonia oxidation 



To conclude 

Yippii…. Lots to discover 
 
Isolation of bacteria 
 
Understanding significance of 
diversity for: 
  - ecosystem stability 
  - ecosystem resilience 
 
Soil-microbe ineraction 

1. Predicting the impact of environmental change 
 
2. Understanding consequences of change on biogeochemical cycling 
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