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Enzymes which catalyze the reversible oxidation or formation of molecular hydrogen 

are called hydrogenases. Three classes exist: [FeFe], [NiFe] and [Fe] hydrogenases. 

As potential catalysts they may become important in renewable-energy technologies. 

Hydrogenases are, however, irreversibly inhibited by O2, which is a major drawback for 

their technical applicability [1]. We have studied the reaction of  O2  and other reactive 

oxygen species (ROS) at the active sites of [FeFe] and [Fe] hydrogenases. Despite 

issues of reliability concerning density functional theory applied to such complexes and 

clusters, we were able to identify molecular structures of potential intermediates and 

extract  chemically  meaningful  reaction  energetics.  Our  initial  investigation  already 

pointed to a destruction of the two-iron subsite of the H-cluster in [FeFe] hydrogenase 

[2] and in recent work we could also identify possible pathways of cubane destruction 

by  ROS  catalytically  produced  at  the  active  site  [3].  The  active  site  of  [Fe] 

hydrogenase, which is not inhibited by O2, shows an unexpected similarity to [FeFe] 

hydrogenases  [4,5].  Hence,  a  comparison  of  the  active  sites  by  means  of 

computational  experiments could yield a better understanding of their  reactivity and 

catalytic  properties.  By  mutual  first-shell  ligand  exchange  we  constructed  modified 

cluster models of [Fe] and [FeFe] hydrogenases active sites. Crucial reaction steps of 

[Fe] hydrogenase's catalytic mechanism are strongly affected by the change to [FeFe] 

hydrogenase-like  first-shell  ligands.  The  reactivity  is  biased  towards  [FeFe] 

hydrogenase-like reactivity and a change of the preferred reaction direction can be 

obtained.  The  theoretical  studies  presented  are  accompanied  by  methodological 

developments (like the restrained optimization of broken-symmetry solutions or local 

spin analysis [6]) to which references will be made.

References: 
[1] M. T. Stiebritz, M. Reiher, Chem. Sci. (2012), doi:10.1039/C2SC01112C
[2] M. T. Stiebritz, M. Reiher, Inorg. Chem. 48, 7127 (2009)  [Erratum: Inorg. Chem. 49, 8645 (2010)]
[3] M. K. Bruska, M. T. Stiebritz, M. Reiher,  J. Am. Chem. Soc. 133, 20588 (2011)
[4] M. T. Stiebritz, M. Reiher, Inorg. Chem. 49, 5818 (2010) 
[5] M. T. Stiebritz, A. R. Finkelmann, M. Reiher, Eur. J. Inorg. Chem. 1163 (2011)
[6] C. Herrmann, M. Podewitz, M. Reiher, Int. J. Quantum Chem. 109, 2430 (2009); M. Podewitz, C. Herrmann, A. 
Malassa, M. Westerhausen, M. Reiher, Chem. Phys. Lett. 451, 301 (2008)


