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Complex Fe-S cluster-containing enzymes are ubi-

quitous in nature where they are involved in a number 
of fundamental processes required for life including 
carbon monoxide oxidation, carbon dioxide fixation, 
nitrogen fixation, and hydrogen metabolism.   Since 
these processes were likely key processes in the early 
Earth and early life, it has been suggested that the 
complex Fe-S clusters at the active sites of nitro-
genases, hydrogenases, and carbon monoxide dehy-
drogenases are likely to be amongst the earliest co-
factors in biology.  Three evolutionarily- and structur-
ally-unrelated enzymes: the [NiFe]- and [FeFe]-
hydrogenases, as well as Hmd or [Fe]-hydrogenases 
facilitate hydrogen metabolism.  The catalytic core of 
the [FeFe]-hydrogenase, termed the H-cluster, exists as 
a [4Fe-4S] cluster linked by a cysteine thiolate to a 
modified 2Fe subcluster with unique non-protein lig-
ands. Many unknowns surround how the H-cluster is 
constructed and overall the biosynthesis of complex 
Fe-S clusters in nature is an elaborate process requiring 
different enzymes, scaffolds and carrier proteins. 

We have recently determined the structure of a key 
intermediate in H-cluster biosynthesis that has revealed 
a number of unifying themes in complex biological Fe-
S cluster biosynthesis.  The structure reveals the pres-
ence of a [4Fe-4S] cluster and an open pocket for the 
insertion of the 2Fe-subcluster, indicating that its syn-
thesis is directed by separate machinery.  These find-
ings reveal that there are close parallels to complex Fe-
S cluster biosynthesis and insertion in nitrogenase and 
implicates unifying themes for complex Fe-S cluster 
biosynthesis across biology.  Further phylogenetic 
analysis of hydrogenase and nitrogenase structural and 
biosynthetic genes suggests that the cluster biosyn-
thetic genes may follow a separate evolutionary path 
than the structural genes and that the structural genes 
have been recruited for multiple processes. 
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