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At bottom life hydrogenates carbon dioxide, as it 

would on any terraqueous globe. But so does serpenti-
nization—to methane—hence the problem of diagnos-
ing its source [1]. However, serpentization does not 
appear to produce acetate or acetic acid 
(CH3COOH)—only the acetogenic and sulfate-
reducing bacteria do that [2,3]. On the early Earth it 
seems that the homoacetogens were the first microbes 
to resolve the tension between CO2 and H2. They 
achieved this by way of the autotrophic acetyl coen-
zyme-A pathway. The acetyl co-A pathway employs 
two separate tributaries—one Ni-Fe-directed, merely 
reduces CO2 to CO, while the other, initially molybde-
num-directed, reduces CO2 through to a methyl group. 
Acetogenesis was clearly first because although the 
acetogens and the methanogens both use the acetyl co-
A pathway for biosynthesis, the path leading to metha-
nogenesis is substantially more complicated than the 
variant leading to acetogenesis, i.e. methanogenesis is 
a more highly evolved metabolism. Only when the 
acetogenic path was beaten could methanogenesis 
emerge, fixing (probably with the catalytic aid of tung-
sten rather than molybdenum) CO2, and with greater 
efficiency than acetogenesis, and by orders of magni-
tude, more efficiently than mere serpentinization. 

Thus it is the exhalation of acetate that would 
point to an unequivocal biotic source because the ser-
pentinizing process is generally too reducing to pro-
duce acetate in any quantity—generating only abiotic 
methane (and other short hydrocarbons) at Lost City 
[3,4]. Moreover our hydrothermal vent experiments to 
date [5] also indicate that no significant concentrations 
of abiotic acetate are produced, despite the simplicity 
of the biological pathway. 

We are confident that life would be as common as 
hydrothermal convection on all terraqueous globes that 
harbor carbon dioxide atmospheres and/or carbonic 
oceans. This is because metabolism dissipates part of 
the thermodyamic potential existing between carbon 
dioxide and submarine  hydrogen exhalations (by 
transferring electrons from the hydrogen carrier to oxi-
dized entities in the early oceans), just as hydrothermal  
copnvection transfers heat (and relatively electron-rich 
material) from the hot crustal interior to the cold (and 
electron-poor) sink of the ocean and beyond. And life 
emerges driven by the same disequilibria, aided by the 
ambient protonmotive force and by the same 
chemiosmotic energies that are employed by life today 
[6-8]. 

Homoacetogens can compete successfully against 
the methanoarchaea for H2 and CO2 in the cold as can 
the sulfate-reducing, acetate-generating bacteria [9]. 
This explains the sizable egress of acetate from the 
subsurface biosphere of our planet (acetate to methane 
~1:4 [10]). As there is every reason to believe that the 
same chemical and electrochemical tensions would 
occur on other terraqueous worlds we argue that ace-
tate or acetic acid effluent (depending on pH) from 
putative microbes on other terraqueous globes such as 
Europa and Mars [11] would be more reliable indica-
tors of life than methane. What are the difficulties? 
The outstanding difficulty is that in groundwaters and 
oceans with pH >5 acetate remains in solution and 
would therefore not be detectable remotely. Even were 
the waters acidic enough to release volatile acetic acid, 
it would be prone to photo- and chemical oxidation. 
However, apart from CO2 and CH4, the products are 
formic (HCOOH), glycolic (HOCH2.COOH) and tar-
taric (HOOC.HCOH.HOCH.COOH) acids [12]. Re-
mote sensing in the ultraviolet to near-infrared might 
be used for detection of all these acids, especially 
when their concentrations are enhanced in plumes. In 
situ techniques would be required for acetate detection. 
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