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¢ We want to inform BICA
stakeholders and regulators
about our study

¢ We want to obtain feedback _

about our study
objectives/approach

¢ We want to develop
partnership(s) and increase
the applicability of our data
for other uses (Lake Powell

example)
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¢ Blghorn Lake |s one of the most flshed Iakes |n_ the State of
Montana, with about 15,000 angler hours/year.

¢ Tissue samples collected from selected fish species in BICA
contain elevated levels of Hg that restricts consumption by
women and children

¢ Limited understanding of Hg sources and biogeochemical /
microbial processes contributing to the elevated Hg
concentrations in the native and sport fisheries in BICA

¢ BICA watershed contains natural and anthropogenic Hg
sources

¢ Se inputs to Bighorn Lake and the associated antagonistic
Interaction of Se and Hg in fish
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¢ Natural versus
anthropogenic Hg
Inputs entering BICA
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HOUSEBOATING

LAKE POWEL
FOR SCIENCE
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Sources and Methylation of Mercury

ﬁ Mercury ﬂ

Natural Atmospheric

and
manmade Mercury Cycle

sources

Sediment X @
>

Bioaccumulation

Elermental Mercury === Msihyimercury

Oxidation Methylation
Elemental Mercury _-: Oxidized Mercury _-: Methylmercury
Reduction Demethylation

.2 65

Bacterial Communities

Oak Ridge National Laboratory website
http://www.ornl.gov/ornl/news/news-releases/2013/ornl-
research-reveals-new-challenges-for-mercury-cleanupfrom
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Research

e Ferredoxin
— Iron-sulfur proteins
that mediate electron
transfers

e Cobalamin
Stabilize methyl transfer

The Genetic Basis for Bacterial
Mercury Methylation

Jerry M. Parks,'* Alexander Johs,* Mircea Podar,”* Romain Bridou,* Richard
A. Hurt,' Steven D. Smith,* Stephen J. Tomanicek,® Yun Qian, Steven D.
Brown, “® Craig C. Brandt,' Anthony V. Palumbo," Jeremy C. Smith,"* Judy D.
Wall,* Dwayne A. Elias, "t Liyuan Liang“}

'Binsciences Division, Oak Ridge Mational Laboratory, Oak Ridge, TN 37831, USA “Envirenmental
Sdences Division, O0ak Ridge National Laboratory, Oak Ridge, TN 37831, USA “Department of
Microbiology, University of Tennessee, Knoxville, TH 37995, USA *Biochemistry Division, University of
Mizsour, Columbia, MO 65211, USA. “Department ofBiochemistry and Cellular and Molecular Biology,
University of Tennessee, Knoxville, TN 37995, USA.

*These authors contributed equally to this work.

1To whom comespondence should be addressed. E-mail: liangh@om|.gov (L.L.); eiasda@ornl gov (DLAE )

Methylmercury is a potent neurotoxin produced in natural environments from
inorganic mercury by anaerobic bacteria. However, until now the genes and
proteins involved have remained unidentified. Here, we report a two-gene cluster,
hgc A and hgcB, required for mercury methylation by Desulfovibrio desulfuricans
ND132 and Geobacter sulfurreducens PCA. In either bacterium, deletion of hgcA,
hgcB or both genes abolishes mercury methylation. The genes encode a putative
corrinoid protein, HgcA, and a 2[4Fe-45] ferredoxin, HgcB, consistent with roles as
a methy| carrier and an electron donor required for corrinoid cofactor reduction,
res pectively. Among bacteria and archaea with sequenced genomes, gene
orthologs are present in confirmed methylators but absent in non-methylators,
suggesting a common mercury methylation pathway in all methylating bacteria and
archaea sequenced to date.
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Geobacter chapelleil, 172
Geobacter pelophilus, Dfr2
Geobacter bremensis, Dfrl
Geobacter lovleyi, 52
Geobacter metallireducens, G515 ()
Geobacter grbiciae, TACP-2
Geobacter hydrogenophilus, strain H4 D I f I
Geobacter sulfurreducens, PCA ) o Esu uromona es
Desulfuromonas palmitatis, SDBY1 C}
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Desulfuromonas acetoxidans, DSM 624
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(Parks et al., 2013)
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Investigating MeHg Sources

777 Bighorn Canyon National
Recreation Area

A Geochemical Mapping
(Sediment, filtered water and whole water)
pH, SC, T, ORP, chl-a, turbidity, and fDOM
MeHg, Seiotat, HEB orar iISOtOpESs
secchi depth

© Biogeochemical Mapping

Geochemical Mapping parameters +
Microbial analysis (see text)

*Seston (water column)

*Invertebrate (benthic, epibenthic, fish gut)
*Fish sampling (forage & predator)

T FISC, 815N, MeHg, Seyiai, HEioray iISOtOpes

Montana
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Wyoming

Bighorn River at Kane, WY
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r N =20 b
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Shoshone River nr
B Lovell, WY (n=4) 1




Effect of Investigating Management Strategies on
Activity

Yearly Algal
Bloom
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Horseshoe Bend DMS  Sediment Sediment + Algae
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