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Report:

Hydrogenases catalyze the reversible oxidation of molecular hydrogen. These enzymes have
attracted significant attention since they catalyze an environmentally clean reaction with very
high efficiency. Understanding the catalytic cylces of the active sites is crucial for exploring
how hydrogen could be used as an energy carrier. Starting in 2005 and 2009*! the first
models were investigated that mimic not only the heterobimetallic thiolate-bridged active site
of the enzyme, but also the short metal-metal distance of 2.45-2.6A that was reported for the
Ni-R and the Ni-Sia states”’. Nowadays even more models of the EPR silent [Ni-Fe]
Hydrogenase states were synthesized™!.

While the active site of this enzyme contains

. A[NiFe] Hydrogenase Catalysis
both one Fe and one Ni center, the whole Catalytic Cycle . J o
enzyme also consists of 3 Fe-S clusters. Hence, Activation \/NNCQFE\H/ % e

e . \ o
within the large hydrogenase heterodlme.r, there o P e o fs\s e i
are 12 total Fe atoms. That makes Ni much [N eon 5 Nishsor H
more accessable for element specific Ni-B Ni-C
1 0, _38%, (SO

spectroscopy methods like XAS/XES. o D 2

Figure 1 — Catalytic Cycle of [Ni-Fe] Hydrogenase
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Figure 2 shows the KB mainlines of two

states of [Ni-Fe] Hydrogenase. The shape, Figure 2 — Mainlines of [NiFe]

intensity and features of these mainlines give Hydrogenase

information about the spin-states. Via

comparison with other Ni complexes we were able to obtian insight to the Ni spin state,
which has been a subject of intense debate. We are currently completing a detailed restricted
active space configuration interaction analysis (RASCI) of these data in order to assess if the
spectra can only be described as low spin, or if covalent contributions may be complicating
the picture.

In addition to the the spin states, the existence of a bridging hydride vs. a covalent bound
proton is a question of major interest. Therefore valence to core XES data were obtained for
both the hydrogenase protein samples and a series of models.These models vary in the formal
oxidation state of the Ni (Ni’, Ni', Ni") and in the presence or absence of a hydrogen.
Dramatic differences are observed (Figure 3), which indicate that in certain cases, this
method can be used to directly detect the presence of a covalently bound hydride. We are
currently completing DFT calcualtions on this series, and a publication describing these
results is in preparation.

60 40

——DBO —Ogo
[ OgoH

——DB1
——DB2
DB2H

50 -

40|

30 -

o

20 l'-',)‘\u:tg,&t: o\l ‘“7"

intensity [normalized]
intensity [normalized]

10 | N

0_
0 . . . . . .

8,30 8,31 8,32 8,33 834 8,35 829 830 831 832 833 834 835
energy [keV]

energy [keV]
Figure 3 - V2C of various model systems to examine the effect of a proton bound to the Ni center
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