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Report:

The thesis presented by Mr. Jaehyun Kim employs ab initio density functional theory (DFT)
electronic structure calculations and electron transfer pathway simulations to understand the
behavior and reaction mechanism of an O.-tolerant membrane-bound [Ni-Fe] hydrogenase (MBH).
In particular, Mr Kim's work focuses on the proximal and medial iron-sulfur clusters within MBH.
Whereas the medial cluster has a similar structure to those in other hydrogenases, the structure of
the proximal cluster is unique to MBH. Overall this study is important because hydrogenase
proteins are of fundamental interest, and have potentially significant technological applications in

the renewable energy and other sectors.

The thesis is divided into four chapters. Chapter 1 is introductory and gives a concise
presentation of the principal themes in the thesis, a description of the scope of the thesis work, and
a rationale for the value of theoretical approaches in this area of research.

Chapter 2 starts the research in the thesis proper by investigating the electronic structure of
two models of the super-oxidized state of the [4Fe-3S] proximal iron-sulfur cluster in MBH — one
with, and one without, bound hydroxyl ion. For each model the most favorable spin couplings of the
iron atoms in the cluster were determined using DFT calculations. The results were then
rationalized in terms of an analysis of the frontier molecular orbitals of each of the models, and

extended to understand how the electronic structure of the cluster influences possible electron
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cluster and the [Ni-Fe] active site, thereby suggesting that the
proximal cluster acts as a “functional hub” in the catalytic cycle of MBH.

Chapter 3 mirrors chapter 2, except that it explores the electronic structure of the [3Fe-4S)
medial iron-sulfur cluster in its reduced and oxidized forms (with no exogenous ligands). In
addition, calculations were performed on a combined medial-proximal cluster model, in which the
proximal cluster was forced to remain in its super-oxidized form, but the medial cluster was studied

in both its reduced and oxidized forms.

Chapter 4 terminates with a succinct but comprehensive discussion about possible
avenues for future research. There are clearly a number of priorities, including a more complete
description of the environment of the clusters via QM/MM approaches, a fuller sampling of the
range of conformations that the clusters and their environment can adopt via molecular dynamics
simulations, and the use of free energy calculations to more accurately determine, for example, the

redox potentials of the various electronic states.

Conclusions:

The thesis is very nicely presented in a didactic fashion, and the text, references, tables
and figures are of a high standard. The work it describes is of a consistently high quality and forms
a coherent whole. The author has had to master a number of complementary state-of-the-art
theoretical methods and it is evident that he is aware of the strengths and weaknesses of the
approaches due to the critical nature in which he assesses his results and, when possible,

compares them to experiment.

It is clear from the content of the thesis and its presentation that the author is a promising
researcher who has the scientific maturity to engage in cutting-edge research at the frontier of
molecular biology, chemical physics and numerical simulation.
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In summary, | wholeheartedly recommend that Jaehyun Kim be awarded the degree of

Doctor of Philosophy.
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Dr. Martin J. Field
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