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In vivo, it is well-known that various metals, particularly those from the first transition series
are extensively utilized as active centers in enzymes, playing crucial roles. On the other hand,
lanthanides (hereafter referred to as Ln), categorized under rare earth metals, are abundant in the
Earth’s crust but are rarely found in a soluble, elemental form, leading to the previous assumption
that they are not utilized by biological systems. However, recent discoveries of enzymes containing
cerium have sparked interest in the relationship between biology and Ln. My research has focused on
these seemingly biologically inaccessible rare earth metals, aiming to elucidate (1) how lanthanide
ions are incorporated into biological systems, and (2) how they are utilized. This study particularly
aimed to clarify the high selectivity of Ln related to point (1).

The organism used in this study was Hyphomicrobium denitrificans, a Cl compound—-utilizing
denitrifying bacterium that uses methane as its sole carbon source. This microorganism was chosen due
to the established cultivation methods in our lab and genome analysis suggesting multiple structural
genes for Ln—containing proteins

In Chapter 2, the selective uptake and growth of Hyphomicrobium denitrificans in the presence of
various Lns (La, Ce, Pr, Nd, Sm, Ho) were investigated under different cultivation conditions. It was
found that the bacterium grew successfully and isolated lanthanide-containing methanol dehydrogenase
(Ln-MDH) in the presence of La, Ce, Pr, and Nd. However, with Sm and Ho, neither Ln-MDH nor bacterial
growth was observed, indicating an inability to efficiently utilize these ions. Given the essential
role of MDH in Cl compound-utilizing bacteria, this suggests a problem in the uptake or transport
stage with Sm and Ho ions. The phenomenon of lanthanide contraction, where atomic and ionic radii
decrease with increasing atomic number, was considered, as the successful cultivation involved
lanthanides with larger radii (atomic numbers 57-60). This implies the necessity of larger radius
lanthanides for the appropriate coordination environment in Hd-Ln-MDH. Additionally, activity assays
of these Ln-MDHs were conducted, and experiments to replace Ca in another MDH (Ca2+-MDH) with Ln and
other metals were attempted. The crystal structure of Eu?-MDH was analyzed for further discussion

Chapter 3 focused on cloning and purifying Lanmodulin (LanM) from Hyphomicrobium denitrificans using
Escherichia coli. This protein, found in the periplasm of Cl compound-utilizing bacteria, is believed
to be involved in Ln ion transport. X-ray crystallography revealed that LanM has four EF-hand motifs,
showing extremely high affinity (pM order) for Ln ions in three of these hands. The newly obtained
crystal structure of MBP-tagged LanM was in its apo form, without Ln ions. Prior circular dichroism
(CD) studies indicated that LanM s secondary structure forms upon Ln binding, enabling us to obtain a
unique, inherently unstable unfolded structure

In Chapter 4, Isothermal Titration Calorimetry (ITC) and Circular Dichroism (CD) were performed
using LanM. Previous studies had not conducted ITC measurements due to the very low dissociation
constant (Kd) between Ln and LanM. This study overcame this challenge, reporting the thermal changes
associated with LanM binding to Ln and structural changes in LanM. Additionally, experiments using
size—exclusion filters suggested varying strengths of binding between EF-hands and Ln or other metal

ions. Differences in folding ease within the same Ln group were also observed and discussed.
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