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Mercury, a global pollutant widely distributed in aquatic and terrestrial ecosystems, is
highly toxic to wildlife and humans. It hinders the biological function of proteins by binding
to cysteine and selenocysteine residues, bioaccumulating in individuals and biomagnifying
in food webs as predators eat other organisms. The chemical forms of mercury are usually
determined by wet chemistry analysis, and the sources and cycling of mercury in
environmental systems can be traced by stable isotope geochemistry. As powerful as these
methods are, chemical analysis only differentiates “inorganic” (divalent mercury, Hg(II))
from “organic” (methylmercury, MeHg) mercury, and isotopes (e.g., §°°’Hg) do not provide
information on the underlying molecular mechanisms that control the fractionation. Precise
knowledge of the molecular forms and transformation reactions of mercury in its
biogeochemical cycle is key for understanding how it is bioaccumulated and detoxified,
which is essential for protecting wildlife and designing treatment against mercury poisoning.
We will show how Hg Ls-edge HERFD-XANES spectroscopy with high detection
efficiency conducted on ID26 laid the foundation for identifying the detoxification pathway
of MeHg to inert Hg selenide (HgSe) in top predators (giant petrels and toothed whales)
following the stepwise demethylation reaction: methylmercury cysteine (MeHgCys) —
tetraselenolate (Hg(Sec)s) — HgSe). The isotopic fractionation of mercury at each step of
the chain reaction was obtained by mathematical inversion of the bulk-averaged
spectroscopic and isotopic data. Each of the three Hg species has a unique §***Hg value that
is uniform across tissues and individuals. This finding illuminates the cycling of Hg in the
body and provides insight on how MeHg is transformed internally, redistributed between
tissues, and depurated.

Formation of the Hg(Sec)s and HgSe species in the detoxification of MeHg has
unwelcome implications, however. It depletes the pool of bioavailable Se needed for
selenoenzyme synthesis and activity as five Se atoms (four for Hg(Sec)s and one for HgSe)
are required to fully demethylate just one MeHg molecule. The Hg-Se antagonism will be
discussed. Lastly, we will report current efforts seeking to determine how methylmercury is
detoxified in other marine mammals, including bottlenose dolphins, and mesopredators,
such has penguins and reptiles.
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