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Abstract. It is argued that life originated in an autocatalytic carbon dioxide fixation cycle. 
Specifically, an archaic version of the reductive citrate cycle is discussed. The reducing power 
for this process is seen as being provided by the formation of pyrite from iron sulfide and 
hydrogen sulfide. A variety of novel pyrite-pulled redox reactions will be discussed which 
support this proposal. It is suggested that the mechanism of oxidative pyrite formation gives rise 
to group activation in the form of thioacids and thioesters and to the formation of carbanions for 
condensation reactions. As examples of the evolution of biosynthetic pathways the joint origin 
of fatty and isoprenoid lipids is discussed as well as an archaic version of the tetrapyrrol 
pathways. 

Scientific theories are designed to explain the world. To explain means to reduce known facts to 
unknown assumptions. This is Poppers formulation. And it is true. When we explain in chemistry we reduce 
known reaction products to unknown reaction mechanisms and unknown intermediates. When we explain in 
biology we reduce known organisms to unknown missing links. And if we wish to explain in biochemistry 
we have to reduce known natural products and their biosynthetic pathways to an unknown primordial 
metabolism. 

THE PRIMORDIAL ENERGY SOURCE 

From a chemical point of view evolution is a gigantic reaction mechanism, stretching over some four 
billion years, Very simply speaking I see this reaction mechanism as an autocatalytic chain reaction with 
branchings, where some of the branch products ignite ever new chain reactions, drawing in ever new types 
of starting materials. How will the chemist approach the mechanism of these earliest chain reactions? He 
will begin by asking a most simple question. What are the earliest starting materials and what are the earliest 
end products? 

Todays biosphere gives us the most findamental alternative to this question. It is the alternative 
between two radically different ways of life: autotrophy and heterotrophy. Autotrophs are capable of 
producing all their constituents from inorganic scratch. Heterotrophs are dependent on taking up organic 
compounds as food. For now more than 60 years biology has been dominated by the notion of a 
heterotrophic origin of life in a prebiotic broth. Gerald Joyce wrote as late as 1988: "It is almost 
inconceivable that [the first living system] could have been anything other than a heterotroph"(ref. 1). I shall 
now invite you to conceive of the inconceivable and to explore with me some of the chemical consequences 
of a hypothetical chemo-autotrophic origin of life. 

In a chemo-autotrophic origin of life the starting material is carbon dioxide or an equivalent C1-unit. 
This means that the reactions must be reductive. For such a reductive metabolism we need a reducing agent. 
It must be strong enough for reducing carbon dioxide and carboxylate groups; geochemically plausible; and 
with an explanatory connection with todays biochemistry. It appears to me that there is only one energy 
source to satis@ these requirements. With this I come to my main thesis (ref. 2,3). It identifies the first 
energy source of life with the formation of pyrite from ferrous ions and hydrogen sulfide. 

FeS + H2S ____) FeS2 + 2 H +  + 2 e -  (1) 
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