
The  Biosphere's  movers  and  shakers
(by Brady Caldwell - 11 April 2008)

Prokaryotes encompass two of the three great domains of life. They are Bacteria and Archaea, with
ourselves belonging to the third domain Eukarya. Prokaryotes account for more than 90% of the
Earth's biomass and thrive in extreme environments too acidic, too salty, too cold and too hot for us
eukaryotes to survive in (Campbell & Reece 2008). These tiny organisms have dominated our
biosphere for billions of years, have prepared the Earth's surface for modern life and even continue
to impact on  humans today through the sicknesses we develop and the biotechnology we create.
Where do these Prokaryotes come from, how have they changed the Earth and how do they
continue to influence us today?

Witness to The Origin
How life originated on Earth is still controversial. Somewhere and somehow between 4.55 Ga
(Giga annum/billion years ago) and about 3.8Ga the first living organisms, protobionts or Pre-
prokaryotes, emerged on the asteroid bombarded Earth. Theories proposed range from Darwin's
”warm little  pond”, deep in hot rocks, on clay surfaces, around ocean-bottom blacksmokers, in sea
spray by rocky shorelines to panspermia (from space). Astrobiology pushes the search for life's
origins out to the stars, but is this just belief and wishful thinking masquerading as science, hiding
from our failures here? Even a mystical Theory of Emergence is currently popular with biologists
saying we should release the problem of life from the scientifically successful reductionist principle
(Hazen 2005).

Evidence for life, and maybe the original prokaryotes, possibly first turns up in 3.8 Ga sedimentary
and volcanic rocks with elevated C12 to C13 organic-like ratios from Ishua, Greenland. However
arguably the earliest life trace fossils are seen in the ”egg-carton” 3.43 Ga stromatolite fossils
(above right) in chert rocks from Warrawoona, Western Australia (Allwood et al. 2006), with
specimens still growing there today (below left). The more controversial 3.465 Ga Apex chert
fossils, also from Western Australia, seem to show  lines of algae cells (Schopf 1995) (above left).
But the oldest commonly agreed upon prokaryote fossils are the 1.9 Ga Gunflint chert of Western
Ontario (below right) showing plainly numerous round and elongated cells (Barghoorn & Tyler
1965) .   



Moulded the Earth
The vast amounts of  prokaryotes in the oceans at this time are evidenced by 3 Ga to 1.8 Ga Banded
Iron Formations (BIFs) from around the world (below left) . The seasonal release of oxygen, likely
by  photosynthesizing cyanobacteria,  rusted the dissolved iron in the water and then formed layers
of insoluble iron oxide on the archean ocean floors, eventually producing the BIFs we mine today.
After most of the sea iron had been rusted then excess oxygen began to accumulate in the
atmosphere rusting land iron formations too. The O2 build-up in the atmosphere can be seen in the
graph below right. The probable maximum and minimum lines are shown. The different stages are :
1) 3.85–2.45 Ga – probably no O2 produced, 2) 2.45–1.85 Ga - O2 produced, but absorbed in
oceans and seabed rock, 3) 1.85–0.85 Ga - O2 starts to gas out of the oceans, but is absorbed by
land surfaces and formation of ozone layer, 4) 0.85–0.54 Ga - steep rise, likely due to eukaryote
explosion and 5) 0.54 Ga to present - O2 sinks filled and the O2 gas accumulates rapidly finally
decreasing to today's 20% (Holland 2006). Oxygen's corrosive effect doomed many shallow sea
prokaryotes. However it also produced our blue sky, azure seas, the ozone layer and evolved
symbiotic organisms, between prokaryotes and eukaryotes, that could take the advantage of the
new  more powerful oxygen energy source (Gould 2001). 
                      

Still in control
The earliest life branched into autotrophs, which could live from chemicals gathered from their
environment, and heterotrophs, which could live on autotrophs or their wastes.  These then
diversified into the archaea and bacteria we know today. About 4500 prokaryote species are
presently described, the vast majority of which are bacteria. Five major groupings of bacteria are:
Protobacteria (α, β, γ, δ  and ε) including nitrogen fixing, nitrite producing, cholera producing,
slime secreting and stomach ulcer causing bacteria; Chlamydia producing a human sexually
transmitted disease; Spirochetes can cause Lyme disease; Gram-positive bacteria can produce
antibiotics as well as anthrax; and Cyanobacteria are the only oxygen-generating photosynthetic
prokaryotes.

More than 250 archean species have so far been identified (Friend 2007). The Archeans are divided
into four clades: Euryarchaeota which include halophiles and methanogens; Crenarchaeota
containing most thermophiles; Korarchaeota containing the oldest archaea; and Nanoarchaeota
containing some of the smallest cells of any organism.



Korarchaeota are, to me, the most fascinating of the Archeans as they seem to be the closest
organism to the base of the Tree Of Life (Setter ref.), ie. closest to the first life on earth. These are
thermophiles primarily found around high temperature thermal springs at 800 temperatures in
Obsidian Pool, Yellowstone National Park (above left and centre) and submarine thermal vents at
the highest recorded temperatures of 1130 such as  the 90N East Pacific Rise vent off the west coast
of Mexico (above right). These particular archeans are just defined by a short section of their
ribosomal RNA genes called 16S. This 16sRNA has been found to be the least changed of any
living organism in the world today (Auchtung et al . 2006). That these ”early”genes are only found
in a few isolated and extreme thermophilic environments support the theory of a 3.9 Ga origin of
life and the first life on earth being formed either on the hot ocean floor or even deep in hot rocks.

Increased biological activity is now occurring as our world
warms up from the last ice age, which also produces the
outgassing of carbon dioxide from our slowly warming
oceans. Recent evidence (left) shows that the amount of
oxygen atoms staying in the atmosphere is more than
expected (see Oxygen ref.). This shows that our biosphere
is now capturing carbon and expelling oxygen at
unexpectedly high rates. The vast majority of this oxygen
excess is likely produced by prokaryotes in the worlds
extensive oceans eg. from algae blooms of cyanobacteria.
This should not be  surprising as prokaryotes contain about
90% of the world 's biomass and about 90% of them occur
in oceans and other aquatic environments (Whitman et al.
1998), which cover 71% of the Earth's surface. Hence,
even today, the overwhelming importance of prokaryotes
can be appreciated, compared to man's activities, in the
regulation of carbon dioxide and oxygen levels in the
Earth's atmosphere.  
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