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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 PandS

And at least 54 other “trace
elements”



Life i1s 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)



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



The major source of electrons
today IS



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 fundamental problem in origins
of life - evolution of energy
transduction before information?
Or vice versa?
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Nature's insurance policy
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Color Plate 1: A phylogenetic tree of life constructed from ribosomal DNA and other traits showing the evolutionary patterns of major clades
of known porkaryotic and eukaryotic taxa and the distribution of photosynthetic metabolic pathways among them. (This tree was modified

from a figure kindly provided by Sandie Baldauf.)




= proteins in at least one but not all chloroplasts

 proteins in all chloroplasts
A proteins in nucleus only
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Katz et al., 2005 this study
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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



Phytoplankton’s Influence on the Global Carbon Cycle
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Sea Ice Thickness (10-year average)
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Changes in Glacier Mass
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O Sea surface temperature anomaly



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

« 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.



