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Microbes and Mineral Cycling

Biogeochemical cycles on a 
global scale

Glacial

Interglacial

Microbial Metabolic Menu

Figure courtesy of Ken Nealson
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Balance between biosynthesis and biodegradation

The carbon cycle, closely connected with oxygen cycle

Most carbon in carbonate rocks & sediments

Atmosphere                     720 0.005

Redox states
for the 

carbon cycle
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Fate of major biomolecules Anoxic decomposition

Take Home Message

• The oxygen and carbon cycles are interconnected 
through the complementary activities of 
autotrophic and heterotrophic organisms. 

• Microbial decomposition is the single largest 
source of CO2 released to the atmosphere.

Schematic pathways for Carbon fixation in chemolithotrophs

Calvin Cycle

54 ATP equivalents!!!

Calvin Cycle
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Calvin Cycle
Reverse TCA in GSBs (e.g., Chlorobium), 
H2-oxers & some SRBs

Reductive (aka reverse) TCA cycle RuMP Pathway: Type I Methylotrophs

Serine Pathway: Type II Methylotrophs Hydroxyproprionate in GNBs (e.g., Chloroflexus)
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Anaplerotic reactions regenerate intermediates for TCA

The “Adjacent Possible” Concept

• Microbial evolution exhibits signs of increased 
biocomplexity over time. Might this be an emergent 
property of evolution?  

• The TCA is an example of two less complex (simple) 
pathways running anaerobically.  Once oxygen was 
present these preadapations only needed to be 
tweeked ever so slightly (e.g., the α-KG DH bridge) 
to make aerobic respiration possible.


