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The human oral cavity is inhabited by over 700 bacterial species, forming a multi-
species biofilm in which complex interactions between individual species allow them to survive
in an environment poor in essential nutrients. One of the most frequently isolated species is
Porphyromonas gingivalis, which is considered a key etiological factor responsible for the
development of periodontal diseases, which are a common chronic conditions resulting in the
destruction of periodontal tissues and tooth loss. Periodontal diseases can play a role in the
development of systemic diseases, such as rheumatoid arthritis, diabetes, and Alzheimer's
disease.

P. gingivalis does not produce siderophores and has an incomplete heme biosynthesis
pathway, making it entirely dependent on the heme available in its environment. P. gingivalis
had to develop specialized systems for acquiring heme from host hemoproteins. The most
thoroughly described is the Hmu system, includes a protein with hemophore-like properties -
HmuY, capable of binding heme and transferring it to the outer membrane receptor - HmuR,
which transports heme across the outer membrane. The subsequent fate of heme and the
mechanism of its metabolism in P. gingivalis have not yet been described. Probably another
protein from the Hmu system, HmuSF%, belonging to the CobN cobaltochelatase family, may be
involved in heme metabolism.

The main aim of this work was to characterize the Hmus" protein as a potential
dechelatase. According to the hypothesis presented in the work this protein probably acts as a
reverse chelatase, thereby serving as an important component involved in heme metabolism and
influencing iron and protoporphyrin IX (PPIX) homeostasis within the bacterium. These are key
aspects for the survival and virulence of P. gingivalis in the dynamic environment of the human

oral cavity.




The first part of the work focused on describing the evolutionary origins of the HnuS"™
protein, analyzing its spatial structure, and determining its localization and topology within the
bacterial cell. It was shown that HmuS family proteins constitute a distinct group within the
chelatase superfamily, with HmuS®® anchored in the bacterial inner membrane and directed
toward the periplasmic space.

In the second part of the work, the ability of the HmuS® protein and its variants to
interact with heme and PPIX was confirmed, and the effect of changing the iron oxidation state
on the interaction of HmuS*® with heme was demonstrated. Bioinformatic simulations were also
used to identify potential heme-binding sites for the protein.

The third part of the study analyzed the impact of hmuS™ gene deletion on the phenotype
of P. gingivalis. Atomic absorption spectroscopy and high-performance liquid chromatography
were also used to examine how hmuS™ gene deletion affects the total heme, PPIX, and iron
content in bacterial cells. Mass spectrometry and fluorescence techniques were also used to
characterize the pigment deposited on the cell surface by P. gingivalis, indicating significant
differences in its composition between the wild-type strain and the hmuS™-deficient strain.

The results obtained in this study expanded our knowledge of the HmuS*® protein,
demonstrating that it may function in heme metabolism in P. gingivalis, and that its absence
significantly reduces the amount of PPIX present in the bacterial cell. It was demonstrated that
the HmuS?® is essential for key virulence factors, such as the ability to form biofilms and the
activity of lysine-specific gingipains. It is demonstrated the significant influence of the HmuS"®
on the composition and characteristics of the pigment deposited on the surface of P. gingivalis,
which serves as a heme reservoir and protects against oxidative stress. The studies presented in
this work demonstrate the role of the HmuS"® protein in heme metabolism and indicate its role in

P. gingivalis virulence.
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