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Hydrogen production 
Protein environment makes catalyst efficient 
 
Biocatalysts are large protein molecules. The actual reaction takes place only at a 
small centrepiece. But the rest also plays a role. 
 
The interaction of protein shell and active centre in hydrogen-producing enzymes is 
crucial for the efficiency of biocatalysts. A team from Ruhr-Universität Bochum and the 
Max Planck Institute for Chemical Energy Conversion in Mülheim an der Ruhr 
specifically analysed the role of hydrogen bonds in certain enzymes from green algae, 
the hydrogenases. The groups, which cooperate in the Excellence Cluster Resolv, 
reported the results in the Journal of the American Chemical Society. 
 
“The findings not only contribute to the understanding of this globally recognized 
biocatalyst group, but also give applied research important pointers for the development 
of chemical catalysts modelled on the highly active biomolecule”, says Dr Martin Winkler 
from the Bochum-based working group Photobiotechnology. 
 
Most powerful biocatalysts 
 
The study was conducted on a special type of hydrogenases, so called [FeFe]-
hydrogenases. They consist of a protein scaffold and an active centre, called H-cluster. 
The latter consists of six iron and six sulphur atoms as well as six unusual building 
blocks. This is the location where the actual synthesis of molecular hydrogen from 
protons and electrons takes place. “[FeFe]-hydrogenases are among the most powerful 
biocatalysts ever”, explains Prof Dr Thomas Happe, head of the working group 
Photobiotechnology. The communication between H-cluster and protein environment 
plays a crucial role. 
 
It helps in the targeted delivery of the starting materials for the synthesis and in the 
efficient removal of the product. “Additionally, the protein shell ensures optimal spatial 
alignment of the H-cluster and protects it from damaging influences”, adds Oliver 
Lampret, who is writing his doctoral thesis on this topic. 
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First Characterization of a Sensory [FeFe] Hydrogenase 
 
Hydrogenases are enzymes capable of making hydrogen gas (H2) using protons from 
water, a reaction with relevance to a potential future green energy economy based on 
H2.  

Bacteria containing these enzymes often produce H2 as a waste product during 
sugar metabolism in the absence of oxygen. Meanwhile, other types of bacteria 
consume this H2 as an energy source. Hydrogenases, the key enzymes in both these 
processes, are only required under specific conditions, and so their synthesis inside the 
bacterium must be regulated in response to the amount of H2 present. This regulation is 
achieved using sensory hydrogenases capable of sensing and signaling the 
concentration of H2 to the bacterial protein synthesis machinery.  

One particular class of sensory hydrogenases, the so-called sensory [FeFe] 
hydrogenases (HydS), have remained completely uncharacterized so far.  Now, a team 
from the Max Planck Institute for Chemical Energy Conversion in Mülheim an der Ruhr 
in Germany together with the Institute of Low Temperature Science at the University of 
Hokkaido in Japan, have produced and characterized a HydS enzyme from the 
thermophilic bacterium Thermotoga maritima.1 Using the recently developed technique 
of artificial maturation together with advanced spectroscopic methods, the researchers 
showed that the protein environment of the catalytic center is elegantly tuned to optimize 
this protein for its sensory function.  

The researchers demonstrate that the catalytic center is very sensitive to low 
amounts of H2 allowing the enzyme to effectively signal the presence of H2 to the 
regulatory system of the bacterium. This research provides a key step forward for our 
understanding of how these sensory enzymes work. Furthermore, knowing which 
adaptations tailor the sensory enzymes for their function tells us about how the other 
[FeFe] hydrogenases that produce hydrogen work.  

Ultimately, a complete picture of the enzyme mechanism may provide important 
clues for telling chemists how to build better catalysts for water electrolyzers and 
hydrogen fuel cells, allowing the dream of a future hydrogen energy economy to become 
a reality. 
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