
Disequilibria 
conversion2

Nitrogenase:  an example from real life3

Fluctuation relations, bioenergetics
and the emergence of life

Elbert Branscomb1 and Michael Russell2

Life's problem: the need to force many 
reactions to run up-hill (often very far).1
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requires a dual-process, cross-controlled,
chameleon enzyme; i.e. an 'engine'
driven;  many more         than 

driving; very many more         than
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Duval et al. 2013, PNAS 110/41, 16414-15419. Electron transfer
precedes ATP hydrolysis during nitrogenase catalysis
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4 Can minerals in the right context perform
like miracles of disequilibria conversion?

Concluding points6

A green rust ramjet reducing
nitrate to ammonia?

A green rust
'ramjet' 
reducing
nitrate to
ammonia?

It is known
that this
reduction
takes place
in 'batch
mode'[3].
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