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Introduction:  Although life forms, especially 

many archaea and some bacteria microorganisms, have 

evolved to survive and thrive in an enormous diversity 

of environmental niches, this would not have been the 

case for the very earliest life.  The settings for habita-

bility for extant life are not necessarily suitable for the 

origin of life.  Many are antithetical. 

Macrobiont -- the Incubator of Life:  In consid-

ering the various requirements for prebiotic synthesis 

of the molecules leading to life, we analyze the one-

site, heterogeneous, multi-component model of the 

Macrobiont (MB).  This single setting intermingles 

numerous micro-environments into a single locale with 

semi-isolated  access to sources of chemical ingredients 

in space and time. Ranging from organic precursors to 

essential major, minor, and trace elements, these ingre-

dients provide not only the building blocks of molecu-

lar life but also chemical energy such as redox couples.  

Electromagnetic energy sources, in terms of IR, visible 

and ultraviolet light may also become available.  Other 

energy sources range from electric discharge (light-

ning), volcanic energy, cosmic energetic charged parti-

cles, and hypervelocity meteorite impact with atmos-

pheric gases to create ions. 

The Macrobiont is not an organism, but rather the 

intimate consortium between its unique environmental 

setting and the primitive molecular organisms it hosts. 

Laboratory Syntheses:  Investigations into prebi-

otic evolution toward life are saddled with the need to 

explain plausible pathways for synthesis of numerous 

biochemically essential molecules, and at the same 

time without producing higher yields of interfering or 

diluting organic residues.  Traditionally, these require 

separate reaction systems and purification steps, intel-

ligently directed by highly experienced, knowledgea-

ble, and innovative researchers.   

 

 
Fig. 1.  The Chemist’s Lab 

 

Natural Settings for proto-Macrobiont: For 

ocean worlds, such as Europa, Enceladus, and possibly 

the early Earth, either sub-oceanic hydrothermal activi-

ty or a natural endowment of organic compounds could 

have jump-started the origin of life.  

For planets such as early wet Mars and Venus, and 

landmasses on Earth, the many fortuitous juxtaposi-

tions of water and soil provide opportunities for the 

perfect combination of essential conditions and con-

stituents for the origin of molecular life.  An example 

on a planetary surface of a proto-Macrobiont, the set-

ting in which molecular evolution to the RNA World, 

or equivalent first spark of life, could occur is shown in 

Figure 2. 

  

  
      Fig. 2.  A proto-Macrobiont with Organics 

 

This “little pond” scenario can be produced by any 

number of types of water infusion into natural depres-

sions --- fed by rainfall; ephemeral streams; groundwa-

ter; lake overflow; snowmelt; etc.  Small size is im-

portant if the wet/dry cycling or freeze/thaw cycling 

shown by several investigators [e.g., 1] to promote 

formation of bio-essential polymers (proteins from 

amino acids; RNA from nucleotides) is facilitated.  

This proceeds rather further than Darwin’s insightful 

“warm little pond” concept (suggested at a time when 

biochemistry was in its infancy) to a “dirty little pond” 

with diverse and dynamic microenvironments to enable 

this single setting to actually provide multiple micro-

environments and transient events to proceed along 

directions which the laboratory chemist achieves more 

efficiently with test tubes, pipettes, precipitations, sol-

vent extractions, distillations, chromatographic separa-

tions, etc.   

Hardiness and Habitability:  On Earth, the reper-

toire of microbes is astounding.  Even though “all life 

on Earth is alike” due to DNA / protein / lipid com-

monalities, the metabolic diversity and tolerance of 

environmental deviations has resulted in a plethora of 
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organism phenotypes, lifestyle behaviors, and energy 

sources. as if there are in effect millions of different 

types of life on our home planet.   

The only true essential requirement for habitability 

seems to be the occurrence of H2O in liquid form (or 

close to it, such as near-saturation humidity; liquid 

films on ice; or pressurization for temperatures above 

100° C).  The water does not even need to be continu-

ously present for many life forms, which may store it 

up or simply become temporarily dormant.  Insects 

with anti-freeze constituents survive in deeply sub-

freezing environments when foraging for food. 

Some organisms have the capability to grow in the 

chloride-rich brines on Earth or the sulfate-rich brines 

such as those on Mars [2].  Other organisms are 

adapted to low pH, a condition which seems to be 

counter to most pathways for prebiotic synthesis [3]. 

And other components of the “wet” environment 

can be extreme.  If water is available, whatever other 

physicochemical properties there are of any given envi-

ronment, the probability that some organism has found 

a way to exist and prosper, or at least survive for better 

times, seems to be very close to 1.0.   

Water Requirements for a Macrobiont:  For 

prebiotic organic chemistry to proceed, it benefits from 

a solvent, although some solid state reactions or vapor 

phase reactions may also occur [4].  Water is the logi-

cal solvent (availability, versatility) but can be inhibito-

ry because the polymerization to form proteins, RNA 

and DNA from their monomer precursors are dihy-

droxylation reactions.  Once formed, hydrolysis reac-

tions can destroy the polynucleotides.   

Furthermore, too much H2O can also dilute compo-

nents so much that reactions needed for increasing the 

levels of important prebiotic constituents may become 

negligible.   

In addition to C for organics, the macrobiont will 

need other key elements.  These can be obtained from 

soils in the forms of -ates/-ides of P, S, and N (phos-

phates/phosphides, nitrates/-NH2, etc.) 

Ocean water is highly diluted in several constitu-

ents desired, both organic and inorganic, which has 

resulted in proposals that a possible role of large bod-

ies of water might be instead for the tidal flats they can 

produce, where the water/rock ratio (W/R) is suffi-

ciently low to avoid the dilutive effects and promote 

wet/dry or freeze/thaw cycles. 

MB Requirements for organics:  On the primitive 

Earth and Mars, organics may have been intrinsically 

rare.  CO2 in a reductive atmosphere can provide a 

feedstock for the formation of organics by Miller-Urey 

synthesis or other routes.  Organics in the MB pond 

may have arrived through precipitation from the at-

mosphere; from transport by rivers and streams as sus-

pended load; or seeded exogenously by a comet [5] or 

carbonaceous meteorite [6]. 

Many organisms in the current biosphere do not, 

however, need organic compounds.  Photoautotrophs 

and chemolithoautotrophs are abundant and tolerate an 

enormous range of environmental settings. 

Trace elements Requirements:  Trace elements in 

rocks and their weathering products play a strong role 

in the metabolism of extant life.  These include Fe, Zn, 

Mn, other transition metals and elements which geo-

chemically occur at trace levels, in soluble form.  

Modern organisms have special enzymes and regulato-

ry functions for sensing and acquiring these essential 

trace elements.  Even the ultra-trace levels of Mo can 

be obtained for nitrogenase.  None of this was possible 

before life became highly advanced. 

Recent prebiotic synthesis studies by investigators 

have pinpointed the likely importance of other trace 

elements, such as copper [7] and boron [8].   

With the goal of engineering the most primitive cell 

possible, the Venter group finds that between 300 and 

400 genes are essential to the growth and reproduction 

of minimal cells, even when key nutrients are supplied 

externally [9].  Genes for managing trace elements 

would add to this list. 

These elements generally occur naturally at a too 

low level to be useful in the prebiotic and biotic evolu-

tion envisioned for the origin of life.  Mineral weather-

ing and redox stratification can result in higher concen-

trations, but restricts the settings where pre-life pro-

cesses could proceed.   

Conclusion:  In addition to assessing Habitability 

for living organisms, the suitability of extraterrestrial 

environments for the prebiotic evolution necessary for 

the origin of life must be evaluated.  The known bio-

sphere contains innumerable examples of organisms 

which operate in diverse and adverse environments.  

The origin of life requires, however, a much more con-

strained set of conditions (pH, Eh, W/R, µ, etc.) for the 

spark of life to have occurred in the first place.  Not all 

planets provide these circumstances equally. 
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