ORNL Mercury SFA Quarterly Report

Biogeochemical Transformations at Critical Interfaces

Welcome to the inaugural issue of the Oak Ridge National Laboratory (ORNL) Mercury Science
Focus Area (SFA) Quarterly Report. These reports will communicate the project’s latest progress
in providing the foundational insight and knowledge needed to enable a predictive understand-
ing of mercury (Hg) cycling both locally and globally across similar low-order stream systems.

Mercury Program Overview

Anthropogenic releases and changing environmental
conditions profoundly affect the biogeochemical cycling
of trace metals, such as mercury. Mercury can be methyl-
ated to form methylmercury (MeHg), a neurotoxin that
bioaccumulates in the food web, endangering humans
and other biota. While mercury contamination in natural
environments results mostly from atmospheric processes
(Mason et al. 2006; Mason et al. 2002; Fitzgerald and
Lamborg 1998; Lindberg and Stratton 1998), mining
and industrial processes can lead to severe local pollu-
tion. On the Oak Ridge Reservation (ORR), for exam-
ple, mercury pollution in the East Fork Poplar Creek
(EFPC) watershed is caused by historical mercury use at
the Y-12 National Security Complex, where large quanti-
ties of mercury were lost to the environment during the
1950s and 1960s.

After making substantial progress over the past 6 years
in understanding the processes that govern mercury
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transformation in contaminated systems, the ORNL
SFA program is poised to make new transformational
advances in mercury research and, more broadly, subsur-
face biogeochemistry in the program’s subsequent phase.
This next phase seeks to address the following science

challenge and goal:

« Nine-Year Science Challenge: Determine the cou-
pled hydrobiogeochemical processes that control mer-
cury fate and transformation in low-order freshwater
stream systems.

« Nine-Year Science Goal: Process-rich predictive
capability that integrates field, laboratory, and model-
ing studies of mercury fate and transformation
dynamics across broad spatiotemporal scales in
low-order streams.

Low-order freshwater streams, such as EFPC (the proj-

ect’s representative use case), constitute nearly 90% of

the total stream length in the United States and are the

most frequently occurring stream type (>85%; Pierson
et al. 2008). Furthermore, because of their
low hydraulic radius (cross-sectional area
and wetted perimeter) and low average

1 water velocity, these stream systems have
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streams play a dominant role in the flow, biogeochem- Determining the fundamental mechanisms and
istry, and water quality of downstream higher-order environmental factors that control mercury
reaches (Alexander et al. 2007; Bernhardt et al. 2003; biogeochemical transformations at key interfaces
Waldron et al. 2009; Milliman and Syvitski 1992; Jeong in terrestrial and aquatic ecosystems.

etal. 2012). Additionally, these streams play a promi- o
nent role at the terrestrial-aquatic interface because they The research outlined in Phase I of the ORNL SFA plan

represent the first aquatic environment encountered by comprises collaborative and complementary research
terrestrially derived materials (solutes and particles). activities that support four research thrusts:

Developing a predictive understanding of mercury and » Ecosystem Features Influencing Mercury Transformation
trace metal transport and fate in environmental systems, « Biogeochemical Mechanisms Controlling Mercury
such as terrestrial surface and subsurface ecosystems, is Uptake and Methylation

a formidable challenge that requires deciphering com-
plex processes (i.e., physical, chemical, and biological),
deconvoluting how these processes interact with one

« Microbial Community Functions and Geochemical
Influences on Mercury Transformations

another, and understanding the factors that control system « Molecular Structure, Dynamics, and Mechanisms of
response over broad spatiotemporal scales. Mercury Transport and Transformations

Exchange and feedback processes at critical interfaces are This report summarizes progress made during the first
central for determining fluxes, stocks, and transformation quarter of FY16, which represents the initial 4-month
rates of key constituents that control mercury speciation, period following the program’s triennial peer review

distribution, and bioavailability, such as oxygen, nutrients, (April 2015) and acceptance of a renewal science plan,
and dissolved organic matter (DOM). Therefore, over the which occurred in August 2015, by the U.S. Department
next 3 years [Phase I, fiscal years (FY) 2016-18], the of Energy’s (DOE) Office of Biological and Environ-
ORNL SFA program will focus on mental Research.

Terrestrial-aquatic Influence of low-order stream
linkages systems on mercury cycling

industrial
discharge

Floodplain
Methylation

Key interfaces influencing mercury
transformations:
« Microbial community—fluid interface
« Cell-fluid, cell-cell interfaces
« Cell and mineral (particulate) interfaces Biogeochemical hot spots and
« Molecular interfaces moments for mercury
methylation and demethylation
Fig. 1. Key biogeochemical interfaces. Interfaces are common boundaries between two or more system

compartments or phases where steep gradients develop and govern the fate and transformation of material
crossing those gradients.
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Scientific Progress and Select
Research Highlights

Task 1: Ecosystem Features Influencing
Mercury Transformation

Overarching Objectives

The general objectives of Task 1 are to (1) identify ecosys-
tem compartments and hydrobiogeochemical conditions
that govern net methylmercury concentration in EFPC
and (2) understand the extent to which groundwater—
surface water exchange drives mercury transformations

in EFPC. These objectives are addressed through a set

of hypotheses-driven field and laboratory investigations.
Additionally, the SFA program is developing a process-rich
numerical model to integrate past results and challenge
current understanding of watershed processes occurring
through space and time. The model will be used in an iter-
ative fashion with experiments to help inform the design
of experiments and subsequently to refine the model
based on experimental results.

First Quarter FY16 Accomplishments

For the period October-December 2015, significant
progress was made within Task 1 under the new project
plan. During this period, much of our effort was devoted
to manuscript preparation. One manuscript was accepted
for publication, another was submitted for review, and
substantial progress was made on three other manuscripts.
Two presentations were given at national and interna-
tional meetings. We refined our experimental protocol

for quantifying mercury methylation and methylmercury
demethylation rates mediated by periphyton based on
results of our initial experiments. Detailed experimental
plans for the coming year, which include close collabora-
tion with Task 3 for gene target and microbial community
assays, are being finalized. We maintain our water quality
monitoring efforts in support of (1) out-year milestones
for Task 1; (2) continuous improvement to our concep-
tual model of watershed processes including, but not lim-
ited to, mercury cycling; (3) design and interpretation of
future field-scale experiments; and (4) the development
of a process-rich numerical model of the lower EFPC sys-
tem. Finally, we have been meeting with the modeling staff
(led by Dr. Scott Painter) to discuss model development
and clearly identify goals and milestones for this effort in
the current fiscal year.

ORNL Mercury SFA Quarterly Report 3



=23

Task 2: Biogeochemical Mechanisms
Controlling Mercury Uptake
and Methylation

Overarching Objectives

The overarching goal of Task 2 is to gain a fundamental
understanding of the key geochemical and biochemi-

cal mechanisms controlling mercury sorption, uptake,
and transformation at the microbe-fluid and particulate
(mineral) interfaces. We attempt to answer the following
specific scientific questions:

« What are the key geochemical and biochemical vari-
ables and their interactions affecting mercury-DOM
complexation, mercury-cell surface interactions, cellu-
lar uptake, and methylation?

« How does photoredox transformation of mercury-DOM
influence mercury reactivity and bioavailability?

« What are the specific molecules in DOM and proteins
in and out of the cell membrane that complex mercury?

o Under what conditions do suspended particles become
a net sink or source of bioavailable mercury in EFPC?

First Quarter FY16 Accomplishments

For the period October-December 2015, we made sig-
nificant progress toward understanding the mechanisms
and geochemical controls on mercury and methylmer-
cury species transformation within the Task 2 project.
We published one technical manuscript related to “thiol-
facilitated cell export and desorption of methylmercury
by anaerobic bacteria” in Environmental Science and Tech-
nology (EST) Letters. We also completed and submitted
two technical manuscripts for publication—one focused
on photochemically driven mercury sulfide formation
and decreased methylmercury production in water
(submitted to EST Letters), and the other was about the
climate warming impact on methylmercury production in
Arctic soil resulting from collaborative work between the
ORNL Mercury SFA and Next-Generation Ecosystem
Experiments—Arctic (NGEE-Arctic) projects (under
review, Nature Geoscience).

In the published EST Letters manuscript, we studied the
factors affecting methylmercury export and its distri-
bution in cells, on cell surfaces, and in solution by two
known mercury methylators, Geobacter sulfurreducens
PCA and Desulfovibrio desulfuricans ND132. We found
that thiols, such as cysteine, greatly facilitate desorption
and export of methylmercury, particularly by PCA cells.
In cysteine-free assays (4 h), <10% of the synthesized
methylmercury was found in solution; >90% was asso-
ciated with PCA, of which ~73% was sorbed on the cell
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surface and 19% remained inside the cells. In comparison,
77% of the methylmercury was in solution, leaving ~13%
of the methylmercury sorbed and ~10% inside the ND132
cells. These results are different from previous views that
methylmercury, once formed inside the cell, is rapidly
excreted from cells. Our results demonstrate that methyl-
mercury export is bacteria specific, time dependent,

and influenced by thiols, implicating important roles of
ligands, such as natural organic matter (NOM), in methyl-
mercury production and mobilization in the environment.

We also made a novel finding that photo-irradiation of
mercury-DOM complexes in water by either solar light or
ultraviolet results in the precipitation of mercury sulfide
(or metacinnabar beta-HgS), with concurrent loss of mer-
cury reactivity and up to 80% decreased methylmercury
production by a methylating bacterium, Geobacter sulfur-
reducens PCA. Our results not only identify a new path-
way of abiotic photochemical formation of HgS mineral,
but also provide a mechanism that explains why newly
deposited Hg(II) is readily methylated but, over time,
progressively becomes unavailable for microbial uptake
and methylation.

Additionally, in collaboration with the NGEE-Arctic proj-
ect, we studied climate warming effects on methylmercury
production in Arctic soils and found that methylmercury
production increased >10 fold in both organic- and min-
eral-rich soil layers at warmer (8°C) compared to subzero
(-2°C) temperatures. The presence and type of labile

soil organic carbon, such as reducing sugars and ethanol,
were particularly important in fueling the rapid initial bio-
synthesis of methylmercury. Methylation was positively
correlated with ferrous ion and methane production, and
freshly amended mercury was more readily methylated
than preexisting mercury in the soil. Our results indicate
that climate warming and permafrost thaw could enhance
methylmercury production by an order of magnitude,
impacting Arctic terrestrial and aquatic ecosystems by
increased levels of mercury exposure through bioaccumu-
lation and biomagnification in the food web.

Task 3: Microbial Community Functions
and Geochemical Influences on
Mercury Transformations

Overarching Objectives

The overarching objectives of Task 3 are to (1) charac-
terize and understand the diversity and abundance of the
newly discovered 2-gene cluster (hgcAB) that is respon-
sible for Hg(II)-methylation and (2) elucidate the com-
plete biochemical pathway for mercury methylation. To
this end, the project is pursuing these activities:
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e as

« Developing new tools and techniques that will enable
quantification of these genes in the environment.

« Constructing new mutants and strains to characterize
the genes and related biochemical pathways and, in
coordination with Task 4, elucidate the methylation
mechanism in hgcAB.

« Determining the influence of both the presence of
other organisms and different geochemical factors on
gene expression of the 2-gene cluster and the methyla-
tion activity.

First Quarter FY16 Accomplishments

The genes (hgcAB) and subsequently expressed proteins
(HgcAB) are required for bacterial mercury methylation

to occur, and we have focused efforts of the microbiology
team on developing tools to characterize these genes and
proteins across the range of scales in the ORNL Mercury
SFA. We have nearly completed development of qualitative
and quantitative DNA and mRNA primers for hgcAB.
These primers include a universal set for determining the
organisms that are present and possess hgcAB and quantita-
tive primers for each methylating clade: Deltaproteobacteria,
Firmicutes, and methanogenic Archaea. The reasoning is
that each clade methylates at different rates and to different
extents in pure cultures, so delineating this difference in
methylation potential is essential. The first publication,
now in author review, will detail the development and
initial testing of the primers. Further, for this paper we also
repeated the hgcA primer protocols of the three publica-
tions in the literature and compared our results to theirs.
Our second paper will utilize these primers on eight differ-
ent sites along with metagenomes and 16S rRNA sequenc-
ing, as well as site geochemistry to determine the efficacy
of our primers in the environment, their sensitivity and
robustness, and their quantitative accuracy as compared to
other methods. Most of the effort expended in quarter 1 of
FY16 has been devoted to this work.

We are also characterizing hgcAB and HgcAB to deter-
mine the native function of these genes and proteins;

that is, what biochemical function do they perform in the
absence of mercury. To this end, we have employed several
tactics including deletion mutagenesis of ~14 genes that
we suspect are involved in the methyl group transfer to
mercury as well as the two electrons required for reduction
of the cobalamin cofactor in the active site of HgcA. All
these mutants have been cultivated under several different
regimes of carbon and electron sources and electron accep-
tors to determine the effects on cell metabolism as well as
mercury methylation. The results are still being processed.

Lastly, we published a study at the beginning of the quar-
ter in Science Advances (Podar et al. 2015), whereby we
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interrogated all existing metagenomes for the presence
and abundance of hgcA. We found that hgcA is present in
low abundance in the open ocean and mammalian micro-
biomes but in high abundance in wastewater treatment
plants and the thawing Arctic permafrost.

Task 4: Molecular Structure, Dynamics,
and Mechanisms of Mercury Transport
and Transformations

Overarching Objectives

The goal of Task 4 is to investigate structures, reactions,
energetics, and dynamics to understand at the molecular
scale how mercury is transformed and transported by bio-
logical macromolecules and abiotic species encountered
in natural and contaminated environments.

First Quarter FY16 Accomplishments

The proteins HgcA and HgcB are essential for methyl-
mercury production by anaerobic bacteria. Our current
focus is on identifying biologically important states of
HgcA to delineate its functional role in mercury methyl-
ation. To obtain sufficient material for spectroscopic and
structural studies, we expressed several constructs of HgcA
heterologously in Escherichia coli. The constructs include

a detergent-solubilized full-length HgcA (flHgcA), the
cobalamin-binding domain (CBD), and a maltose-binding
protein fusion (MBP-CBD) to increase yield and solubil-
ity for spectroscopic studies. Upon purification, all HgcA
constructs must be reconstituted with cobalamin. We
provided samples of the purified and reconstituted HgcA
samples to our collaborators at the University of Michigan
for electron paramagnetic resonance spectroscopy. The
spectra indicate axial Co-N coordination, which is not
consistent with the anticipated axial Co-S coordination
predicted for HgcA. This finding may be a result of incom-
plete reconstitution of the apoprotein with cobalamin, a
low affinity of the cobalamin cofactor for the apoprotein,
or an unexpected cofactor configuration. To validate our
current results, we are collaborating with Task 3 to isolate
sufficient amounts of native HgcA protein from Desulfo-
vibrio desulfuricans ND132 by sequential affinity chroma-
tography for spectroscopic characterization.

We are also characterizing the redox and thermodynamic
properties of the cobalamin-containing protein HgcA.
Redox processes in complex transition metal-containing
species often are intimately connected with changes in
ligand protonation states and metal coordination num-
ber. A major challenge, therefore, is to develop consistent
computational approaches for computing pH-dependent
redox and ligand dissociation properties of these species.
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Extending our previously developed approaches for com-
puting mercury-ligand binding free energies (Riccardi
etal. 2013a; Riccardi et al. 2013b) and methyl transfer
from cobalamin to Hg(II), we have used density func-
tional theory (DFT) calculations to compute accurate
electrochemical and thermodynamic quantities of aqua-
cobalamin as a representative model system. Specifically,
we obtained root mean square errors (compared to experi-
mentally determined values) of 90 mV for seven reduction
potentials, 1.0 log unit for four pK_s, and 1.0 log unit for
two equilibrium ligand-binding (K, ) values for the
aquacobalamin system. These findings demonstrate the
effectiveness of our approach for computing electrochem-
ical and thermodynamic properties of complex, redox-
active species relevant to mercury transformation. We plan
to apply similar methods to more complex mercury-NOM
and HgcA models in future work.

In collaboration with researchers at the University of
South Carolina and the Alkek Center for Metagenom-
ics and Microbiome Research at the Baylor College of
Medicine, we investigated potential correlations among
the appearance of mercury methylation genes, mercury
resistance genes, and fetal methylmercury exposure by
analyzing whole-genome shotgun sequence datasets of
gut microbiome samples (Rothenberg et al. 2015).

Recently Submitted or Published
Manuscripts

1.

Johnston, R. C,, J. Zhou, J. C. Smith, and J. M. Parks.
2016, submitted. “Accurate models and methods for
computing reduction potentials, pK s and binding
constants: The aquacobalamin system.” J. Chem.

Theory and Comput.

. Lin, H, X. Lu, L. Liang, and B. Gu. 2015. “Thiol-

facilitated cell export and desorption of methyl-
mercury by anaerobic bacteria.” Environ. Sci. Technol.
Lett. 2,292-96. [DOI: 10.1021/acs.estlett.5b00209]

. Podar, M., C. C. Gilmour, C. C. Brandt, A. Soren,

S.D. Brown, B. R. Crable, A. V. Palumbo, A. C. Some-
nahally, and D. A. Elias. 2015. “Global prevalence and
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mercury methylation.” Sci. Adv. 1, e1500675.

. Riscassi, A. L., C. Miller, and S. C. Brooks. 2016, in

press. “Seasonal and flow-driven dynamics of partic-
ulate and dissolved mercury and methylmercury in
a stream impacted by an industrial mercury source.”
Environ. Toxicol. Chem. [DOI: 10.1002/etc.3310]

. Rothenberg, S., S. Keiser, N. Ajami, M. C. Wong,

J. Gesell, J. Petrosino, and A. Johs. 2015. “The role
of gut microbiota in fetal methylmercury exposure:
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Brooks, S. C., C. C. Brandt, and N. A. Grifhiths. 2016,
in review. “Estimating uncertainty in ambient and
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releases in stream ecosystems.” Limnol. Oceanogr.-Meth.

7. Luo, H., X. Yin, H. Chen, X. Lu, A. M. Jubb,

10.

11.

W. Zhang, H. Lin, Y. Li, H. Yu, M. P. Paranthaman,
L. Liang, G. Sheng, and B. Gu. 2016, in review.
“Photochemically driven mercury sulfide formation
and decreased methylmercury production in water.”
Environ. Sci. Technol. Lett.

Yang, Z., W. Fang, X. Lu, D. E. Graham, L. Liang,

S. D. Wullschleger, and B. Gu. 2016, in review.
“Climate warming impact on methylmercury produc-
tion in Arctic soil” Nature Geosci.

Smith, S. D. 2015. “Protein components of the micro-
bial mercury methylation pathway.” Dissertation in
partial fulfillment of requirements of a Ph.D. degree in
Biochemistry at the University of Missouri—-Columbia,
December 2015.

Riccardi, D., H.-B. Guo, J. M. Parks, B. Gu, A. O. Sum-
mers, S. M. Miller, L. Liang, and J. C. Smith. 2013a.
“Why mercury prefers soft ligands.” J. Phys. Chem. Lett.
4,2317-22.[DOL: 10.1021/]'240107]3]

Riccardi, D., H.-B. Guo, J. M. Parks, B. Gu, L. Liang,
and J. C. Smith. 2013b. “Cluster-continuum calcula-
tions of hydration free energies of anions and group
12 divalent cations.” J. Chem. Theory Comput. 9, 555
69. [DOL: 10.1021/ct300296Kk]

Scientific Presentations
and Posters

1.

Gu, B.,, X. Ly, Y. Liy, and H. Lin. 2015. “Facilitated
cell export and desorption of methylmercury by
anaerobic bacteria.” 2015 American Geophysical
Union (AGU) Fall Meeting, San Francisco, Calif,,
December 14-18,2015.

Christensen, G. A, et al. (oral). 2015. “A study of mer-
cury methylation genetics: Qualitative and quantitative
analysis of hgcAB in pure culture” 2015 AGU Fall Meet-
ing, San Francisco, Calif,, December 14-18, 2015.

Demers, J. D., J. D. Blum, S. C. Brooks, P. M. Dono-
van, B. Gu, C. L. Miller, and A. L. Riscassi. 2015. “Hg
isotopes reveal importance of in-stream processing
and legacy inputs in East Fork Poplar Creek, Oak
Ridge, Tennessee, USA.” 2015 AGU Fall Meeting, San
Francisco, Calif.,, December 14-18, 2015.
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4. Elias, D. A.2015. “New developments and novel
approaches for understanding mercury and methyl-
mercury.” Invited talk at Missouri University of Sci-
ence and Technology, December 2015.

5. Elias, D. A, etal. 2015. “Microbial community
response to carbon substrate amendment in mercury
impacted sediments: Implications on microbial
methylation of mercury.” 2015 AGU Fall Meeting,
San Francisco, Calif., December 14-18, 2015.

6. Gilmour, C., et al. (oral). “Method development and
early testing of molecular probes for the microbial
mercury methylation gene pair hgcAB.” 2015 Geo-
logical Society of America (GSA) Annual Meeting,
Baltimore, Md., November 1-4, 2015.

7. Hsu-Kim, H,, et al. (oral). 2015. “Strategies to quan-
tify and decrease mercury bioavailability and methyl-
ation potential in the aquatic environment.” 2015
AGU Fall Meeting, San Francisco, Calif., December
14-18,2015.

8. Hsu-Kim, H,, et al. (oral). 201S. “Quantification of
mercury bioavailability and methylation potential in

contaminated aquatic ecosystems.” 2015 GSA Annual
Meeting, Baltimore, Md., November 1-4, 2015.

9. Johnson, C, et al. (oral). 2015. “Tracking the methyl-

ation of stable-isotope-labeled inorganic forms of
mercury and the effect of activated carbon on their
bioavailabilities.” 2015 GSA Annual Meeting, Balti-
more, Md., November 1-4,2015.

10. King, A.J., et al. (oral). 2015. “Investigating the con-

11.

12.

13.

nection between hgcA and mercury methylation rates
in the environment.” 2015 AGU Fall Meeting, San
Francisco, Calif.,, December 14-18, 2015.

Olsen, T. A, and S. C. Brooks. 2013. “Periphyton com-
munities methylate mercury in an industrially contami-
nated creek.” Society of Environmental Toxicology and
Chemistry North America 36th Annual Meeting, Salt
Lake City, Ut., November 1-5, 2015.

Santillan, E. E, et al. (oral). 2015. “The distribution
and abundance of mercury methylating microorgan-
isms in mid-Atlantic wetlands.” 2015 AGU Fall Meet-
ing, San Francisco, Calif., December 14-18,2015.
Wall, J. D, et al. (oral). 2015. “Metabolic interfaces

of mercury methylation proteins in Desulfovibrio sp.
ND132.” 2015 AGU Fall Meeting, San Francisco, Calif,,
December 14-18,2018.

Top Cited Publications (as of December 31, 2015)

Publication Year Published Citations

The Genetic Basis for Bacterial Mercury Methylation 2013 93
Mercury Reduction and Complexation by Natural Organic Matter in Anoxic Environments 201 61
Active Transport, Substrate Specificity, and Methylation of Hg(ll) in Anaerobic Bacteria 201 59
Mercury Methylation by Novel Microorganisms from New Environments 2013 47
Kinetic Controls on the Complexation Between Mercury and Dissolved Organic Matter in 2009 41
a Contaminated Environment
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ORNL Mercury SFA Research Press Release ,,
Methylmercury: A Dangerous Environmental Toxin &

Researchers from ORNL and the Smithsonian Environmental
Research Center published a paper in Science Advances that
capped a 2+-year-long study seeking to discover how and where
methylmercury—a bioaccumulative neurotoxin that poses risks
to both people and ecosystems—forms naturally.

ORNL issued a press release about the paper (www.eurekalert.org/

pub_releases/2015-10/drnl-fwf100915.php), and an article was Fig. 2. Molecular structure of methylmercury

published in Laboratory Equipment on December 18,2015 bound to cysteine. Methylmercury is a bioac-
(www.laboratoryequipment.com/articles/2015/12/ cumulative environmental toxin that is formed
methylmercury-dangerous-environmental-toxin). microbially via a process called methylation.
Key Collaborators FY16 SFA Scientific Advisory
Committee (SAC)

The FY16 SAC meeting is being planned. The

3 tentative meeting dates are early April or May
M . 2016 at ORNL. This year we have added two
Smithsonian Environmental RY e new SAC members to our distinguished com-
SCIENCE TEAM . e
Research Center A e eyl ot mittee— Carl Lamborg from the University of

California, Santa Cruz, and Steve Yabusaki from
Pacific Northwest National Laboratory. Mem-
bers currently include Dave Krabbenhoft, USGS;
Alex MacKerell, University of Maryland; Richard

UNIVERSITY OF Sparling, University of Manitoba; and Elizabeth
MICHIGAN Phillips, DOE Oak Ridge Office of Environmental
Management. All currently funded SFA partic-
Fig. 3. Key ORNL Mercury SFA collaborators. ipants will attend to highlight recent progress

toward objectives and goals.

Environmental System Science

Meetings and Events, Principal Investigators (Pl) Meeting

Commun ity Involvement Subsurface Biogeochemical Research program staff
. . . plan to attend the PI meeting scheduled for April

American GeophyS’ca, Union 26-27,2016, at the Bolger Center in Potomac,

Drs. Elias and Gilmour (? G U Maryland.
convened a session C ‘N .
at the 2015 AGU Fall (4 ) Goldschmidt 2016

Meeting—B131: Mercury American Geophysical Union Mercury SFA team members will

Biogeochemistry, Genomics, host a session titled “Microbiolog-

fmd Environ@ental C;hange II—on De.ceml?er 14,2015, ical and Geochen.liclal Controls on G OD SCHMIDT
in San Francisco, California. Co-organizers included Trace Metal Speciation, Transfor- YOKOHAMA 2016
Michael Banks from the University of Massachusetts and mation, and Transport” at the 26th

James Shanley from the U.S. Geological Survey (USGS). Goldschmidt Conference in Yokohama, Japan, on June

26-July 1,2016. The Goldschmidt Conference is the pre-
mier international conference on geochemistry. Session
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e as

organizers include Eric Pierce and Baohua Gu from
ORNL along with a number of co-organizers from around
the world. They include Christian Mikutta, Swiss Federal
Institute of Technology in Zirich, Switzerland; Adrien
Mestrot, University of Bern in Bern, Switzerland; Marco
Keiluweit, University of Massachusetts, Amherst; and
Samantha Ying, University of California, Riverside. The
session description can be found at http://goldschmidt.
info/2016/program/programViewThemes/.

Post Graduate Spotlight
Bryan Crable

Bryan Crable received his master’s
degree in Biology from Duquesne
University and Ph.D. in Microbiology
from the University of Oklahoma. |
Dr. Crable specializes in microbial
physiology because he recognized the
essential role bacteria play in solving the world’s tough-
est environmental challenges. His doctoral dissertation
was titled “Enzyme Systems Involved in Interspecies
Hydrogen and Formate Transfer Between Syntrophic
Fatty and Aromatic Acid Degraders and Methanospiril-
lum hungatei” This work demonstrated the role of a novel
iron-sulfur (FeS) oxidoreductase complex in catalyzing
reverse electron transfer. He was appointed in 2014 as

an ORNL postdoctoral research associate under the
mentorship of Dwayne Elias to study the native physio-
logical function of HgcA. Dr. Crable is first author on a
comprehensive invited review on mercury methylation
for the journal Trends in Microbiology, first author on a
paper published in Enzyme Research, and coauthor on
seven papers including a publication in Science Advances.
In FY1S, Dr. Crable gave an invited talk at the 2015
American Society for Microbiology General Meeting and
participated in the Applied and Environmental Micro-
biology Gordon Research Conference. Most recently,

Dr. Crable was awarded a $130,000 FY16 grant from the
DOE-funded Ecosystems and Networks Integrated with
Genes and Molecular Assemblies (ENIGMA) program
to study the impact of phages on subsurface microbial
communities. Outside the laboratory, Dr. Crable is an
internationally competitive highland bagpiper and has
won awards in six countries.

October-December 2015

National Laboratory Investments

ORNL is committed institutionally to the success of the
Mercury SFA. In FY15, ORNL invested in new equip-
ment, specifically the Malvern PEAQ-ITC, to support
the SFA in making fundamental thermochemical mea-
surements of mercury-ligand interactions. The Malvern
PEAQ-ITC was installed in early October and will be
used to experimentally determine enthalpies of ligand
binding, affinities, and stoichiometry.

Outreach

Eric Pierce

« Organized and presented at DOE's Office of Environ-
mental Management (EM) meeting focused on mercury
contamination at EM sites, which was held in September
20135. This meeting was a forum to provide an overview
of SFA accomplishments and findings to date.

« Gave an invited oral presentation to the U.S. Army
Corps of Engineers Engineer Research and Develop-
ment Center (ERDC) in Vicksburg, Mississippi, in
November 2015.

Jerry Parks

« Served on the Scientific Advisory Committee for the
Biosciences Division of SLAC National Accelerator
Laboratory in October 2018.

« Gave two invited oral presentations in September
2015 on the discovery and characterization of HgcA.
One was presented at the University of Oklahoma
(Department of Chemistry and Biochemistry), and
the other was presented at the University of Tennes-
see, Knoxville (Department of Biochemistry and Cel-
lular and Molecular Biology).

Scott Brooks

« Serves as a co-lead on the Remedial Options Team, Lab
and Small Scale Field Testing for the DuPont-led South
River Science Team (SRST). In this capacity, he partici-
pates in regular conference calls, reviews research plans
and results, and consults with SRST staff.

« Attended the SRST annual meeting in Harrisonburg,
Virginia, on October 21-22, 2015, and met with SRST
staff to discuss and compare our approaches to studying
mercury cycling in these two similar watersheds.
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