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The origin of life is the invention of 

non-equilibrium redox chemistry that 

involves five of the 

The “Big Six” 

H, C, N, O, P and S 

And at least 54 other “trace 

elements” 



Life is Electric 

• All organisms derive energy for growth and 

  maintenance by moving electrons from a  

  substrate to a product. 

• All substrates and products must  

   ultimately be cycled. 

• Biological processes are paired  

   (e.g., photosynthesis and respiration) 

 

Microbes are like lawyers –they cannot exist alone. 



The electron “marketplace” 

Maintaining life on a planet 

requires recycling of electrons 

What were the sources and sinks 

of electrons in the Archean and 

what are they today? 



The major sources of electrons  

during the Archean were 

H2S, Fe(II), and H2  



The major source of electrons 

today is 

LIQUID WATER  

(H2O) 



The “Ball in the Bowl” metaphor 

for the first (R&D) half of Earth’s 
History  



The “Big Flip” into the second half of 

Earth’s history – why did Earth become 

oxidized anyway? 



The evolution of 

nannomachines 

The fundamental problem in origins 

of life - evolution of energy 

transduction before information? 

Or vice versa? 





PSII type Reaction Center 



The Mn cluster in PS II 



Nature’s insurance policy 

Spread the risk 
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proteins in all chloroplasts

proteins in at least one but not all chloroplasts

proteins in nucleus only

PS genes retained in chloroplasts are very highly 

conserved - “FROZEN METABOLIC ACCIDENTS” 



H2 or C-mediated 

Photosynthesis 
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Earth is “hard wired” by 

mircobial metabolism 

Effectively, the metabolism of 

Earth was created over 2 billion 

years ago - and hasn’t changed 

very much.   

Humans are effectively, fragile, 

inefficient E. coli that have learned 

how to plunder the planet  



Source: Falkowski 2002 Scientific American 

The Antropocene 



Trajectory of Global Fossil Fuel Emissions 

Raupach et al. 2007, PNAS 

Recent emissions
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B1       1.1%, 

A1B     1.7%, 
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Changes in Glacier Mass 



Oculina kept in pH 7.2 

…after 4 months 

…after 2 months 



Phytoplankton & Climate 

Stratified Oceans 

http://oceancolor.gsfc.nasa.gov/SeaWiFS/HTML/SeaWiFS.BiosphereAnimation.html


CONCLUSIONS 

• THE EARTH IS FUNDAMENTALLY A “BOTTOM UP” 

SYSTEM IN WHICH MICROBES HAVE ADAPTED OVER 

(LITERALLY) BILLIONS OF YEARS TO MAINTIAN A 

QUASI-STEADY STATE 

• HUMANS, THROUGH EFFICIENT RESOURCE 

PLUNDER, WILL MODIFY EARTH’S ATMOSPHERE AND 

CLIMATE - BUT MICROBES WILL EASILY SURVIVE. 

• ANIMALS (INCLUDING HUMANS) AND SOME PLANTS 

ARE EXTREMELY VULNERABLE TO HUMAN 

ACTIVITIES - AND MANY SPECIES PROBABLYWILL GO 

EXTINCT IN THIS CENTURY. 

 


