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(NRVS) of Iron-Sulfur Enzymes for Hydrogen

Metabolism, Nitrogen Fixation, and Photosynthesis
ooooooo

Stephen P. Cramer

O University of California DavisJ
ooooooooo

2007A00150 BL09XUO
ooooooooood

18900 0O

goooog

Our research focuses on two critical iron-sulfur
enzymes] nitrogenase (N,ase) and hydrogenase (H,ase).
N,ase catalyzes the reduction of dinitrogen to ammonia
and this biological anmonia synthesis is responsible for
about half of the protein available for human
consumption. H,ase catalyzes the evolution (or
consumption) of dihydrogen. H, catalysis is crucial for
the metabolism of many anaerobic organisms, and
knowledge about the mechanism of H, evolution may
prove critical for a future hydrogen economy. In
addition, direct connections between these enzymes and
human health have recently been discovered. H,ase
catalyzed H, oxidation has been shown to support he
virulence of certain pathogenic bacteria such as
Helicobacter pylori, which is involved with stomach
ulcers, and has been proposed for other disease-causing
enteric species such as E. coli and Shigella.

Our program aims to use nuclear resonance vibrational
spectroscopy (NRVS) to answer structural and dynamic
issues about these proteins that are beyond the reach of
protein crystallography and other methods. NRVS is
proving to be a valuable probe of these enzymes,
yielding detailed vibrational spectra of the enzyme Fe
sites. The broad questions we seek to address are: How
does structure change during the catalytic cycle? Where
do substrates and inhibitors bind? What are the
undefined light atoms? In short[] how do these exquisite
catalysts work?

The NRVS technique involves scanning high

resolution (~1 meV) monochromatic x-rays through a
nuclear resonance (in this case ®’Fe) and monitoring the
inelastic transitions that correspond to the nuclear
excitation in combination with excitation (Stokes) or de-
excitation (anti-Stokes) of vibrational modes. We are the
first group to report NRV S spectra of iron-sulfur proteins
and we have been pioneers in the application of both
empirical force fields and DFT calculations to this
technique. We anticipate that this work will yield better
understanding of (&) the structure and dynamics of N,ase
and H,ase, (b) how these enzymes are biosynthesized
and ultimately (c) their molecular mechanism of
catalysis.
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