
Elucidating the role of enzyme environment and point mutations on the catalytic 

activity of FeNi Hydrogenase
Austin Tews, Meghan E. McGreal, Jason D. Goodpaster

Department of Chemistry, University of Minnesota Twin Cities, Minneapolis, MN 55455

Introduction

(1) Ryde, U. Methods in Enzymology 2016, 577, 119–158.

(2) Matthias Stein,Erik van Lenthe,†, Evert Jan Baerends,† and, and Wolfgang Lubitz*

Journal of the American Chemical Society 2001 123 (24), 5839-5840

(3) Stein, M.; Lubitz, W. Journal of Inorganic Chemistry 2004, 98 (5), 862–877.

Ni-H2

Bound

6.06

-5.21

H on Ni

& μ-H 

8.76

-2.01

Ni-R & 

H on Cys

31.01

1.72

Ni-C

-10.41

-20

Ni-L

3.8

N/A

Bare
Bare

5JSK Active Site

4U9H Active Site

Mutated Active Sites and Environment Tested

RDD Wild type structure

KDD Lysine mutation 

structure

Comparison of τ4 and τ5 values

References

Future WorkResults

Conclusions and Acknowledgments

• DFT optimization calculations on mutated intermediate active sites of two seperate hydrogenases, 4U9H and 5JSK, 

showed that energy levels of the intermediated mutated active sites varied from the bare geometry at an average of +/-

9.89 Kcal/mol. This showed heavy dependence on crystal structure stereochemistry as the placement or removal of 

single atoms caused drastic free energy value differences.

• PM6 calculations on the intermediate mutated active sites of the hydrogenase with no extensive environment included 

determined that the individual mutated active sites varied at an average of -55.38 Kcal/mol from the bare geometry.

• The authors acknowledge the Minnesota Supercomputing Institute (MSI) at the University of Minnesota for providing 

resources that contributed to the research results reported within this poster.
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The total free energy of the hydrogenase will be found by first adding the free energy determined 

through a PM6 calculation on the molecule environment to the free energy produced by a BP86 DFT 

optimization calculation on the active site of the hydrogenase. After, the energy of the hydrogenase’s 

active site found through a PM6 calculation will be subtracted from the two previous combined 

energies. This will show how the hydrogenase would react with an optimized active site and a larger 

environment while neglecting the calculated PM6 active site center.

Extensions of this work could include similar calculations on other hydrogenases that differ in the 

stereochemistry of the active site. Examples of similar molecules include the FeFe and single Fe active 

site hydrogenases (bottom left) and FeNiSe hydrogenases (bottom right).

A hydrogenase is an metalloenzyme that catalyzes the reversible oxidation of molecular hydrogen 

from a molecule through the mechanism:

𝐻2 ⇌ 2𝐻+ + 2𝑒-

Hydrogenases are extremophiles and differ from typical bacteria in the way they metabolize 

hydrogen for energy, utilizing the catalysis of hydrogen as opposed to the photosynthesis mechanism 

usually used by bacteria. Hydrogenases could potentially solve energy problems in the future through 

applications such as biological hydrogen production and by aiding in the creation of hydrogenase fuel 

cells. Three primary species of hydrogenases exist; FeFeS, FeNiS, and FeNiSe. The FeNiS and FeNiSe

molecules were the hydrogenases studied in this experiment.

The objective of this study was to determine how the local environment of the active site of FeNi

hydrogenase impact the free energy of the catalytic cycle. A prior study by the Ryde group used an 

environment around the active site consisting of all atoms 4.5-6 Å from the Fe and Ni atoms in the 

center.1 In this study a distance of 10 Å was utilized from the Fe and Ni atoms in the active site to 

evaluate how a larger environment affected the hydrogenase while also determining how mutated 

active sites and the inclusion of the closest amino acids influence the molecule’s catalysis.
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KDD τ4 RDD τ4 FeNiSe 4U9H τ4 FeNiSe 5JSK τ4

Bare 0.42 0.42 0.42 0.41

Ni-H2 0.52 0.52 0.51 0.49

H on Ni 0.55 0.54 0.52 0.52

Ni-R 0.57 0.57 0.64 0.56

Ni-C N/A 0.53 0.52 0.48

Ni-L 0.56 0.55 0.52 0.51

Active Site 

Geometry

KDD τ5 RDD τ5 FeNiSe 4U9H τ5 FeNiSe 5JSK τ5

H on Ni 0.18 0.19 0.22 0.23

Ni-R 0.10 0.09 0.13 0.058

Ni-C N/A 0.21 0.21 0.27

The hydrogenase pictured left is the 10 Å environment 

with an implemented optimized active site determined by 

a BP86 DFT calculation. The structure is equivalent to 

the ΔE value in the free energy equation that will be 

utilized. The differences between the RDD and KDD 

active sites can be seen more clearly here, specifically the 

variance between the two models at the end of the protein 

chains in carbon and nitrogen atoms. The RDD protein 

chain contains two nitrogen atoms on the end opposed to 

the single nitrogen on the end of the KDD protein chain.
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τ4 values of FeNi and FeNiSe hydrogenases

τ4 = 0                  square planar geometry

τ4 = 1                  tetrahedral geometry

τ5 values of FeNi and FeNiSe hydrogenases

τ5 = 0                  square pyramidal geometry

τ5 = 1                  trigonal bipyramidal geometry


