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Structural study on transient metastable conformations appearing in the enzymatic reaction of

glutamate dehydrogenase using cryogenic transmission electron microscopy

Thesis Summary

All living things comprise the cells, in which various biological macromolecules play essential roles in
fundamental life processes. To understand how life is maintained, it is necessary to elucidate the mechanisms of
macromolecular functions, with structural analysis providing a valuable approach to unravel the mechanisms. Of
macromolecules, enzymes act as biological catalysts to facilitate chemical reactions necessary in life. In the catalytic
process, enzymes incorporate ligand molecules, such as substrates and coenzymes, into their active sites and change
their structures to optimize the coordinates of amino acid residues surrounding the substrates for the reaction. The
substrates are then transformed into products essential for the biological processes in living cells. Although enzymes
are involved in many aspects of life phenomena, the process in the ligand binding and structural changes remains to
be fully elucidated.

In this study, to investigate the structural dynamics of enzymatic reactions, such as the ligand binding and
structural changes, I carried out cryogenic electron microscopy (cryoEM) studies on glutamate dehydrogenase (GDH)
from a hyperthermophilic archaeca. GDH is a hexamer composed of six identical subunits. Each subunit folds into a
core domain for hexamer formation and an NAD domain for binding coenzymes. An active-site cleft harbors between
the two domains. In solution, unliganded GDH exhibits an NAD-domain motion involving association/dissociation of
hydration water molecules and conformational changes of Trp89 sidechain.

CryoEM using single-particle analysis enables us to detect of metastable conformations in solution by applying
the focused classification protocol to a large number of particle images. Therefore, using this approach combined with
X-ray crystallography and small-angle X-ray scattering, I studied the structures of wild-type GDH (i) during both the
initial and steady stages of the reaction, (ii) in the presence of the coenzyme NADP. In addition, to understand the role
of Trp89 in enzymatic reaction, I also studied (iii) the Trp89Phe-mutated GDH during the steady stage of the reaction.
For the wild-type GDH in action, I succeeded to identify metastable structures adopted in the enzymatic reaction,
which were not accounted in the enzyme kinetic theory, and proposed stage-dependent reaction pathways in concert
with the variety of the metastable states. In the presence of NADP, the conformation of GDH was restricted to a specific
metastable conformation of an unliganded GDH and NADP molecules entered the active site through sub-binding sites.
The study on the mutated GDH suggested that amino acid residues around Trp89 and hydration structures controlled
the NAD-domain motion and contributed to enzyme activity indirectly but significantly.

This research provided a comprehensive understanding of the structural changes and ligand-binding events related
to the enzymatic functions of GDH. The results demonstrated the effectiveness of cryoEM study for revealing the
mechanisms of protein functions by capturing their metastable structures in action. This method could be applied to

other proteins as well.




