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Diversity of microbial metalloid transformation pathways and its geochemical implications
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Arsenic (As) and antimony (Sb) are both naturally occurring toxic elements and are considered to be
priority pollutants of interest by the USEPA. Although the concentrations of these toxic metalloids
in natural systems are generally low (~15 pg g’ As and <1 pg g’ Sb in soils [1]), the elevated
levels of As and Sb have been released via natural processes and human activities. Antimony is
commonly associated with As in the environment and both elements have similar chemistry and
toxicity. Antimony and arsenic can exist in four oxidation states (-III, @, III and V), while they
are mainly found in two oxidation states, trivalent (III) and pentavalent (V) in natural systems.
Antimonate [Sb(V)] and arsenate [As(V)] are the thermodynamically stable species in aerobic
environments and occur primarily as H,As0,” and HAsO,”", or Sb(OH),". In anaerobic environments, the
dominant solution species of antimonite [Sb(III)] and arsenite [As(III)] occur as the neutral
Sb(OH)f and As(OH)f at the environmentally relevant pH range. As(III) and Sb(III) are considered
more toxic than As(V) and Sb(V) [1].

Despite its toxicity, microorganisms have developed mechanisms to tolerate and utilize these
elements for respiratory metabolism. Although many microorganisms have been identified to catalyze
As transformations, we have just began to unveil the full diversity of microbial processes
associated with As and Sb geochemical cycling in the environment. In this study, we characterized
metalloid transformation pathways associated with As and Sbh-impacted environments. The presence of
indigenous microbial populations capable of metalloids transformation was examined by using both
molecular approach targeting As functional genes and cultivation approach. The genes coding for
arsenite oxidase (aioA), which catalyzes the oxidation of As(III) coupled to 0, reduction, have
been recovered from soils from mine tailing. Successful cultivation of various As(III)-oxidizing
bacteria confirmed the microbial attribute in As oxidation. In contrast, diverse sequences of
anaerobic arsenite oxidase (arx) and arsenate respiratory reductase (arr) genes were detected from
the As impacted lake sediments, while no aio genes were recovered. The anaerobic arsenite oxidase,
Arx, is known to catalyze arsenite-oxidation coupled to nitrate reduction or photosynthesis.
Consistent with the molecular analysis, an anaerobic arsenite-oxidizing nitrate reducer and an
arsenate-reducing bacterium were isolated from the lake sediments. The indigenous microbial
population associated with Sb transformation was also identified by successful cultivation of
aerobic Sh(III)-oxidizing Pseudomonas- and Stenotrophomonas-related isolates from the mine tailing
soils. In addition, anaerobic enrichment cultures capable of reducing Sb(V) were also obtained, in
which the precipitation of antimonite as antimony trioxide was observed.

This study revealed the diversity and distribution of microbial metalloid redox metabolisms
associated with the polluted environments, indicating their contribution to the speciation and
mobility of As and Sb in situ.

[1] M. Filella, N. Belzile, Y.-W. Chen. Earth Sci. Rev. 57:125-176. (2002)
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Deep sea hydrothermal plume is important interface between solid earth and ocean. In the
hydrothermal plume, various and large energy is yielded for chemolithoautotrophic microorganisms
through the oxidation-reduction reaction between the reduced chemicals in the hydrothermal fluids
and oxygen in the seawater. The microbial community structures varied among different hydrothermal
systems (Sunamura and Yanagawa 2015) and epsilon proteobacteria has been specifically detected in
the hydrogen-rich hydrothermal plume of Kairei hydrothermal field (KHF). Here, I report the
microbial community structure in the hydrothermal plume and statistical analysis based on physical,
chemical, and biological parameters in the hydrothermal plume of KHF.

As results, we found 16 microbial families, e.g. Cenarchaeceae (Archaea), Helicobacterceae
(epsilon proteobacteria), SUP@5 (gamma proteobacteria), SAR324 (delta proteobacteria), and 3
methylotrophs, in 251 microbial families are determined to be the active and important microbial
groups in the hydrothermal plume. Based on the ratio (20/1) of hydrogen and methane gas in the end
member fluids of KHF, we estimate the consumed hydrogen gas from the hydrogen and methane gas
concentration in each hydrothermal plume samples. The estimated consumed hydrogen gas is strongly
correlated with Helicobacterceae population (R=0.65, n=28). Relatives of Helicobacterceae are known
to utilize hydrogen gas/reduced sulfur compounds as electron donor. Our result suggest the
Helicobacterceae in the hydrothermal plume of KHF obtain energy from hydrogen gas and the variation
of H2/CH4 ratio in the plume would due to their activity.
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We investigated the deep-sea microbial ecosystem after the 2011 Off Tohoku Earthquake and tsunami.
In the series of study, we found several "hot spot of methanogeneis" on the deep-seafloor after the
mega-earthquake and demonstrated the methylotrophic methanegenesis in the deep-sea surface
sentiment.

On the 2011 cruise, we found a lot of large microbial mats on the 5,000 m-depth deep-seafloor. The
surface sediment cores (< 25 cm) were collected from microbial mats and analyzed their chemical and
microbial profiles. On the top of the cores (a few centimeters), decomposing dead body of maline
lives such as echinoderms that contains trimethylamine N-oxide, a precursor of trimetylamine (TMA),
in the body were accumulated. In the surface layer (< 15 cm), high concentration of ammonium, TMA,
and isotopically light methane was detected. In this layer, heterotrophic microbes such as
Bacteroides, Firmicutes, and Spirochaeta were dominated. These results suggests that huge amount of
organic matter had been recently supplied on the deep-seafloor. In addition, a large number of

mcrA gene were also detected. Most of which were identified as those of Methanococcoides sp. that
can grow on methyl compounds as the sole energy source. From the results of investigation in 2011,
we hypothesized that high concentration of methane in the microbial mat sediments were generated by
methylotrophic methanogen.

On the 2012 cruise, we conducted in-situ incubation to prove our hypothesis. In-situ incubation
cores with "C substrate, "C-bicarbonate, "C-acetate, 13C—monomethylamine (MMA) were set on the
deep-seafloor where a large microbial mat had been found in 2811 and measured methanogenesis
activity. During three days of incubation, significant activity was detected only in the incubation
core supplied MMA.

We hope that our results provide important hints to understand the ecology and evolution of
methanogenic/methanotrophic archaea in deep-sea environments.
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