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When investigating the mode of hydrogen activation by [Fe] hydrogenases, not only the chemical reactivity at the active site is

of importance but also the large-scale conformational change between the so-called open and closed conformations, which leads

to a special spatial arrangement of substrate and iron cofactor. To study H2 activation, a complete model of the solvated and

cofactor-bound enzyme in complex with the substrate methenyl-H4MPT+ was constructed. Both the closed and open confor-

mations were simulated with classical molecular dynamics on the 100 ns time scale. Quantum-mechanics/molecular-mechanics

calculations on snapshots then revealed the features of the active site that enable the facile H2 cleavage. The hydroxyl group

of the pyridinol ligand can easily be deprotonated. With the deprotonated hydroxyl group and the structural arrangement in the

closed conformation, H2 coordinated to the Fe center is subject to an ionic and orbital push–pull effect and can be rapidly cleaved

with a concerted hydride transfer to methenyl-H4MPT+. An intermediary hydride species is not formed.

1 Introduction

[Fe] hydrogenase1–5 , which features a mononuclear iron

complex in the active site, differs in the mode of action com-

pared to [NiFe] and [FeFe] hydrogenases6–10. In [FeFe] and

[NiFe] hydrogenases, direct H2 cleavage or formation is a re-

dox process accomplished by oxidation state changes of the

active Fe and Ni atoms, respectively6–10. The reaction cat-

alyzed by [Fe] hydrogenase,

methenyl−H4MPT+
+H2 ⇄ methylene−H4MPT+H+

,

is fundamentally different. No oxidation-state change of the

active iron could be detected experimentally11–14. [Fe] hydro-

genase requires the substrate methenyl-H4MPT+ (see Fig. 1),

which acts as the hydride acceptor. The question is therefore

why the iron cofactor iron-guanylylpyridinol (FeGP) (Fig. 1)

is required for catalysis11,15 even though it does not seem to

be redox-active.

An accurate mechanistic description of the H2 activation

process must thus be able to account for the intriguing role of

the metal cofactor. Yang and Hall were the first to investigate

the mechanism computationally, using a truncated active-site

model in an electrostatic continuum17. The first main step of

the catalytic cycle is the heterolytic H2 cleavage, with the pro-

ton transferred to either the oxypyridine ligand (deprotonated
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Fig. 1 Top: Lewis structure of the FeGP cofactor. Bottom: Lewis

structure of methylene-H4MPT. The parts of methylene-H4MPT are

denoted according to their chemical building blocks, following Ref.

16. Both molecules are depicted as parametrized for

molecular-dynamics simulations (the cysteinate ligand is modeled

by a methylthiolate).

pyridinol) or the cysteinate ligand, which need to be present in

the deprotonated form. The second main step is hydride trans-

fer to methenyl-H4MPT+ 17, which is the rate-limiting step17.

However, the theoretical description with density-functional-

theory (DFT) methods is sensitive to the incorporation of em-

pirical dispersion corrections and the energetics of all elemen-
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