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Nano-sized biogenic iron oxides produced by neutrophilic Fe-oxidizing bacteria and 1its
implications for biogeochemical cycling
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Neutrophilic microaerophilic Fe-oxidizing bacteria (NMFeOB) are thought to play a significant role
in global biogeochemical cycling of Fe and associated elements. They are commonly found at redox
boundaries in both of freshwater and marine iron-rich environments, and produce extracellular iron
biominerals that interact with various elements. However, ecophysiology of NMFeOB is still poorly
understood due to the difficulty of cultivation. Recently, Ferriphaselus amnicola strain OYT1 and
Ferriphaselus sp. strain R-1, which produce a unique twisted-ribbon-like extracellular iron
biomineral structure called a stalk, have been reported (Krepski et al., 2012; Kato et al., 2014).
The present study demonstrates the strains 0YT1 and R-1 also produce extracellular nano-sized
biogenic iron oxides (nanoBIOS), which are morphologically distinct from stalks. Energy dispersive
X-ray spectroscopy indicates that the nanoBIOS contain P, as well as the stalks. Given the chemical
and morphological characteristics, nanoBIOS may contribute to P, Fe and other metal transport in
the environment as a vector. Furthermore, the first genome sequencing of stalk-forming NMFeOB was
performed in the present study. Comparative genomics propose potential genes involved in the
formation of stalks and nanoBIOS, which are similar to genes involved in extracellular
polysaccharide production, and potential genes in iron oxidation, which have been previously
suggested as key iron oxidation genes in other NMFeOB. These genes can be used as marker genes for
detection of NMFeOB producing iron biominerals. Overall, the detailed microscopy and first genomic
analysis of the freshwater stalk-forming NMFeOB provide novel insight into the ecophysiology and
biomineralization of enigmatic NMFeOB.
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Cyanobacterial extracellular polymeric substances (EPS) control stromatolite and
thrombolite formations
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Lysine polymerization on amorphous silica: A thermodynamic evaluation
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When, where and how did life on the Earth originate? To resolve that fundamental question, one must
first ascertain the reactivity of biomolecules, and the response of reactivity to changing
environmental conditions such as pH, temperature, dissolved composition, and mineral surfaces.
Amino acids are building blocks of proteins, which are fundamental to life. Therefore, the
polymerization behavior of amino acids has been a topic of many experimental and theoretical works
(Shock, 1992).

This study focuses on thermodynamic effects of minerals on amino acid polymerization. To date,
widely various oxide minerals and clays has been examined for their roles in this reaction (Cleaves
et al., 2012). Results have demonstrated their positive influences with regard to reaction rate,
peptide length, and the amounts of polymers synthesized. However, reported experiments have mostly
emphasized catalytic properties of minerals. Consequently, in most cases, experiments have been
terminated before polymerization reaches its steady state. It remains unclear whether minerals
promote polymerization in thermodynamics as well as kinetics.

To examine the thermodynamic effects, we have evaluated adsorption behaviors of amino acids and
peptides on minerals by using extended triple layer model (ETLM; Sverjensky and Fukushi, 2006).
Obtained adsorption parameters are used, by combining thermodynamic parameters for amino acids and
peptides in aqueous solution, to predict amino acid/peptide equilibria on mineral surfaces. In this
presentation, we will present our findings for a lysine/amorphous silica system.
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A role of ferruginous ocean in photochemical synthesis of organic compounds
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Photochemistry is important for the origin of life and the early earth’s environment. Previous
photochemical experiments suggest that the reaction initiated by UV in CO-rich atmosphere can
produce simple organic compounds mainly formaldehyde and methanol (Bar-Nun and Chang, 1983). The
amount and speciation of organic molecules are known to depend on the redox state of the
atmosphere. The reducing ocean containing ferrous iron may also control the redox state of the
ocean-atmosphere system, though the role of ferruginous ocean for abiotic UV synthesis is poorly
understood. We have conducted photochemical experiments simulating the reducing atmosphere and
Fe(II)-bearing ocean. The results of our experiment suggest that formate, acetate, propionate, and
normal alkanes are synthesized under CO-atmosphere. When irradiating UV under the presence of
Fe(II)-bearing water, the production rate of formate is about three times faster than the simple
C0-H,0 system without ferrous iron. Furthermore, formate is formed even when the gas phase is pure
C0, when liquid-phase contains Fe(II). These results suggest that the production rate and
speciation of organic matter depends on the availability of H,0 as well as total redox state of the
whole atmosphere and ocean system. Based on the results, we have modeled the reaction pathway and
estimate the flux of each organic compounds supplied to early ocean.
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Selenium and cesium adsorption onto biogenic iron oxyhydroxides:Comparison with inorganic
iron oxyhydroxides
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Iron(Fe) oxyhydroxides are considered to be important sorbents of trace elements in surface
environment. This widely view mainly extends from many laboratory studies using inorganic Fe
oxyhydroxides. However, most of the natural Fe oxyhydroxides are referred to as biogenic Fe
oxyhydroxides(BIOS) which are complex mixtures with various organic matters. The presence of
organic matters in BIOS can cause unique adsorption behaviors of trace elements for BIOS, but they
have not been characterized well. This study aims to reveal adsorption characteristics of trace
elements onto BIOS.

Biogenic Fe oxyhydroxides were collected from Sambe hot-spring in Shimane prefecture. The samples
consist of very fine particles of two-line ferrihydrite, coexisting with biogenic organic matters
including stalks, extracellular polysaccharides, and bacterial cells. We have conducted adsorption
experiments of selenium(Se) and cesium(Cs) on BIOS and synthesized ferrihydrite in a batch system.
Our experiments revealed significant differences in Se and (s adsorption between BIOS and inorganic
Fe oxyhydroxides in a wide range of pH, even though they have similar Fe mineralogy. In the case of
positively-charged Cs, BIOS showed larger adsorption than inorganic Fe oxyhydroxides. In contrast,
negatively-charged Se showed smaller adsorption on BIOS compared with that on inorganic Fe
oxyhydroxides. Especially, the decrease of Se adsorption on BIOS compared to inorganic Fe
oxyhydroxides was more significant in Se(VI) than in Se(IV), corresponding to their formation of
different surface complexes. We consider that the unique adsorption behaviors of (s and Se on BIOS
and their difference with inorganic Fe oxyhydroxides can be explained by the electrostatic effect
caused by the coexisting biogenic organic matters in BIOS.
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Limiting factor for weathered granitic rocks to be ion adsorption ore
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Main rock of ion adsorption type deposit which is important as rare earth element (REE) resource is
weathered granite, from which we can extract REE readily using aqueous solution such as ammonium
chloride or ammonium sulfate solution, because REE can be extracted from weathered granite by ion
exchange reaction. Previous studies of the ion adsorption type REE deposit has been carried out
mainly using weathered granite found in the Southeast Asia, but there are few studies on the
weathered granite present in Japan in terms of the REE deposit. In addition, there are no studies
which clarify the relationship between REE chemical state and extraction properties in the
weathered granite at molecular level. Therefore, the aim of this study is (i) to clarify the
relationship between the extraction characteristic of REE in the weathered granite and its chemical
state at the molecular level using XAFS method and molecular orbital calculation and (ii) to study
the dependence of extraction rate of REE on the degree of weathering of the granitic rocks. In this
study, we analyzed granite or weathered granite samples collected in Hiroshima, Shimane, and
Tottori in Japan, Sri-lLanka, and Myanmar. The collection of the samples from various sites are
strongly needed to cover granitic rocks having various degrees of weathering. Initially, the
mineral and major element compositions were examined by XRD and X-ray fluorescence (XRF) analyses.
After the analysis, local chemical state of Y, one of REE, was determined using bulk XAFS and
u-XRF-XAFS method at SPring-8 and KEK-PF, scanning electron microscopy (SEM), and molecular orbital
calculation. As a result, it was suggested that REE in the samples with high CIA can be readily
extracted and the REE chemical state suggested by Y K-edge EXAFS is outer-sphere complex adsorbed
weakly in the weathered granite. The p-XRF-XAFS and SEM analyses showed that REE was mainly
adsorbed on phyllosilicates such as halloysite and weathered biotite. On the other hand, the
extraction ratio of REE in the samples with low CIA are low and its REE chemical state is
inner-sphere complex, or REE incorporated possibly into primary minerals or phosphate. The ratio of
outer-sphere complex among total REE determined by the fitting of EXAFS spectra in k space is
positively correlated with that of REE extraction ratio. In addition, weathered granite with higher
REE extraction ratio exhibits larger negative Ce anomaly, suggesting that REE with negative anomaly
in aqueous phase was adsorbed to the granitic rocks, which finally induces the correlation between
the degree of negative (e anomaly and REE extraction ratio. Thus, it is suggested that the degree
of negative Ce anomaly is one of the characteristics of ion adsorption type REE deposit. However,
strongly weathered granite samples with CIA values higher than 85 do not show high REE extraction
ratio. Mineralogy of the samples is dominated by kaolinite and gibbsite, which suggests that the
fraction of REE adsorbed on clay minerals is minimal for the strongly weathered granites compared
with intermediately weathered granitic rocks with CIA value around 70. Thus, we can conclude that
medium weathering characterized by the presence of vermiculate/smectite with CIA value around 70 is
an important limiting factor to establish the sample as an REE ion adsorption ore.
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Adsorption behavior of organoarsenic compounds in soils
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Anthropogenic originated organoarsenic compounds such as diphenylarsinic acid (DPAA) are a water
pollution source as well as naturally occurring inorganic ones. For example, DPAA polluted well
water caused serious health problems in Kamisu, Japan. However, their adsorption behavior in soils
is still well unknown. In general, the adsorption property of chemical compounds influences its
migration process in natural environments such as soil-water system. In soils, organic matters
(OMs) affect adsorption behavior of trace metals on minerals. Thus, it is important to understand
the adsorption mechanism of the arsenic compounds with taking account of influence of OMs to
predict future fate of them in environment. In this study, we conducted adsorption experiments for
several soils which have different contents of Fe/Al-(oxyhydr)oxides and OMs, and adsorption
amounts and structures were analyzed by ICP-MS and As K-edge XAFS measurements. The same
experiments and analysis were conducted with OM extracted soils to understand the influence of OMs.
The As K-edge EXAFS spectra for arsenic compounds adsorbed on soil samples were well fitted with
corresponding EXAFS spectra As adsorbed on Fe- and Al-(oxyhydr)oxides. The fact indicates that
these arsenic compounds adsorbed on these minerals mainly. The adsorption ratios for Fe- and
Al-(oxyhydr)oxides were estimated by the fitting, and the deviation of the ratio from the Fe/Al
content was larger with increasing the OM content in soils. In addition, in most cases, the
adsorption amounts of arsenic compounds increased by removing OMs. Thus, it is considered that the
OMs prevent arsenic compounds from being adsorbed on minerals by covering their surface. However,
even though OMs were removed from soils, the adsorption ratios were still not always reflected
Fe/Al content ratio by removing OMs depending on the arsenic compounds. This fact indicates that
the affinity of arsenic compounds for Fe/Al-(oxyhydr)oxides is different.
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Change processes of microfabrics in the Nankai Trough muddy sediments from several
centimeters through several hundreds meters in burial depths
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Chemical forms of arsenic in marine sediments and dissolution mechanisms into porewater of
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The purpose of this study is to clarify the accumulation process of arsenic and the behavior during
an early stage of diagenesis in modern marine sediments.

The cored sediments and porewaters at Sites (0002 and (0022, Nankai Trough. At the Site (0002
(0-1050mbsf), sediments at <8@0@mbsf was composed of forearc basin sedimentary rock (terrestrial
sediment) and the lower part was of accretionary prism.

In the Site (@002, total arsenic concentrations of sediments increased at 0-33@0mbsf with depth.
The highest concentration was recorded at 33@mbf (13ppm). Then, the concentration decreased, and
became constant about 5ppm below 50@0mbsf. Total arsenic concentration was higher in forearc basin
sedimentary rocks than the underlying accretionary prism sediments. It suggest that the primary
arsenic was mostly derived from subareal region via detrital fragments.

The result of BCR sequential extraction analysis showed that about 40% of As in the sediment was
fixed in insoluble phases, i.e., structure of sulfide and/or silicate minerals. Arsenic in
insoluble phase was >80% in the sediment at 100@0mbsf, implying that the arsenic was fixed in
authigenic pyrite in the deep part of the sediment column.

The ratio of dissolved arsenic arsenic (porevater) O Total arsenic of the sediment was especially
high at those depth. Thus, the arsenic dissolution was promoted at those depth. Similar high
dissolved arsenic ratio was shown at 100-200mbsf, Site (0022, suggesting the same mechanisms to
release arsenic in the sediment at these depth.

Speciation of arsenic-being phases in the adsorbed fractions onto sediment particles were analyzed
by HPLC and analyzed by ICP-MS/MS. Arsenate, arsenite, MAA, and AsB were only detected from the
sediments at (0002, (C0022. Total concentration of these arsenic compounds was 60% of total arsenic
of the sediment, and most of them were arsenate and arsenite. It indicate that over half of total
arsenic in the sediment was adsorbed as inorganic arsenic onto the mineral surface. The
concentration of arsenite increased below 10@mbsf, suggesting that the arsenate was reduced below
this depth. The MAA was not large compared to the total arsenic, however, it is important to
evaluate the contribution of microbiological activity to the arsenic cycle in the marine sediments.
As mentioned above, arsenic fixed in the sediments releases into the porewater at 100-200mbsf.
Decomposition of organic matters are extensive in 0-15@mbsf evidenced by increasing concentration
of NH," of porewater and Br™ (accumulate in red algae). Thus, MAA would be a product of
decomposition of organic arsenic compounds, such as arsenosugar contained in algae.

Below 20@0mbsf, increasing pH controlled arsenic dissolution. The average of pH was 7.79 in
0-200mbsf, then graduate increased below this depth. It’s peak was about 7.98 at 40@mbsf. Surface
potential of iron oxyhydroxides/oxides changes at pH=7.9. Negatively changed arsenic (mainly
arsenate) was intensely released into the solution at pH>7.9. Observation of this study showed that
the small change of pH considerably controls the dissolved arsenic in porewater.

This study demonstrates the importance of input of subareal detrital materials for the arsenic
cycle in the crust through hydrosphere and microbiological activity to change the arsenic phases in
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the marine sediments at the very early stage of diagenesis.
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ARANIRBAICH (T DHRMBECTRET SHKICTEBKEE(100pph) EBX DL YRAEEINET —IM
BEIN TV S (BAHRRHAFR, 2005). BRIIBHEESENCANLATE, 7ILAVKICRZNTULS.
TLYEARPTEICEL VB(HSe0,™, Se(V))RIFFLL VB(HSe0,™, Se(V) & LTHEEL, Br4Y
EEHNT 3. RABETHRETIRRPICSVTEL VDR EELL VEBE L THEREL TL 3 (BHIHRME
Fii, 2005). Z0#, ZILVAURGETICH(T3E L VEOMENLRENREINTULS.

BALY IR0 L(MQO) (IMRIRBCELZERTH D, KBRHPTITIL—Y 1 ~(Mg(0H),) [CEET B (KEB i,
2011). Ffz, MQOMZEEE L feMg(OH),II/mVRIGHERS ARP DT Z U (CH LU TEMIBRERENZER D&
TNTULS(Liu et al., 2011). AAET(F, BEEREGICH TINEETHDEET 548, AHATTEEILY
ORIDTLICLBDBRFTHOEEBEICS (TRHE L VEBORDAHETFHEZDA N ZILIREILUZ.

AR TEMOERIE UTHO Z= R TEE M ZFEA U 2 (BIEMS11ERL) . T2, M5T1ERIZENaCLo. 0M(C SR%R
UIEBRCoORSRERIGS B, HiGazR L TIcEND%&EMg(0H) s (LABEBrucitefikl) & UTe. ERIIHEA, BETEIC
THEREBEZEREL, XROICTHMMEOREZTO L.

Ny FUNEERER(INaC10.01M, #IHEAFE L VESEE 2uM(160uM) (CHARE L ITEEARSmLICT U CERLEL29/LE 7KL
BLSICEFEERMUIT O . BEBRBADRRUARIFIKRICT—TFVEL, 25CTRIFIOCITR=NET Y
FAR—BSI-—ARDVIRT 1 wIRXI—5—T0.5-60ERIGS Bz, BRIGKE CpHAIER, BRIEL, &
HEEFBEBERMUZ. BB Y RIBKTHONESRL, RIEEER L. RMBFICP-0ESIC TMgEBEERIE
L, ICP-MSICTSeBEZRIZE Lz . EMBIEXRDIC THMMBDREEIT oz, BIE L fcpHieCa, Mg, SeiBE L D &E
DRI T —2 3 Vo & BEILYINDBIRIIEE % Geochemist s Workbench(GWB,1998) TEtE L TZ.
XRD/35 — > K OMST1ERHI24BFRE TRE (CMg(0H),([CEE LU Te. BERDpHIEE RIS, 307 DR TREE
NEWMBEZTRL, REREICHVED L. MS11ERIEMST1ERI K DYER U TZBrucitesdfl & MRE(C(ESe(IV)D
IGERE(C L, KELEMRBHSNIZ. 160ug/LTH o7zSe(IV)BEI(E, MSTTERICTIE#ug/LBE X TSe(IV)E
EBHRMERLUZOICTL, BruciteHRITEMTERIDETHOERBBEZELSMEEZRL, RATH8Ug/LEXT
UAMBIR LIS o Tz, COUNEHEDE WV EM5 115Kl & BrucitestBIDSe (IV)DINE X B Z X LDEVICEET B
EEZSNS.

LZELBrucitei CIIMg(OH),DELIpH ,(C KD, REKEE ESe(IV) E TREBEFEME L, Se(IV)EXRE
(C2RTHICIRET D EERSNS. —7F, EREHETHIMTERRITIEIMGOABEEL, Mg(0H) AEEETS.
BruciteEdkl & EIRRICHERL L T2Mg(0H),(CSe(IV)RIRE T BH, ZDHEMg(OH),DIE@EBENEL, ZDRE&ENIC
Se(IV)&E3IRTHICIRIFI B EEZRSNS.
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Predictive model for Pb(II) adsorption on soil minerals (oxides and low crystalline
aluminum silicate) consistent with spectroscopic evidence
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Mobility of Pb(II) in surface condition is governed by the adsorption processes on soil minerals
such as iron oxides and low crystalline aluminum silicates. It has been documented that the
adsorption effectiveness and the surface complex structures of Pb(II) sensitively varies with the
solution conditions such as pH, ionic strength, Pb(II) loadings and electrolyte anion types.
Present study aims to construct the quantitative model for Pb(II) on the soil minerals, which can
predict the adsorption effectiveness and surface complex structures under any solution conditions
by means of extended triple layer model (ETLM).

The Pb(II) adsorption data on goethite, ferrihydrite, quartz and low crystalline aluminum silicate
(LCAS) were analyzed with ETLM to retrieve the surface complextion reactions and these equilibrium
constants. The adsorption data on goethite, ferrihydrite and quartz come from previous studies.
Those on LCAS were measured in present study under wide range of pH, ionic strength and Pb(II)
loadings in NaNO; and NaCl solutions. A1l adsorption data can be reasonably regressed by ETLM with
the assumptions of inner-sphere bidentate complexation and inner-sphere monodentate ternary
complexation with electrolyte anions, which are consistent with the previously reported
spectroscopic evidences. The predictions of surface speciation under wide range of solution
conditions by ETLM revealed that the inner-sphere bidentate complex is predominant species at
neutral to high pH conditions. The inner-sphere monodentate ternary complex becomes important at
low pH, high surface Pb(II) coverage and high electrolyte concentrations, of which behavior is
consistent with the spectroscopic evidences.

The comparisons of the obtained adsorption constants on goethite, ferrihydrite and quartz exhibited
good linear relationships between the reciprocals of dielectric constants of solids and adsorption
constants. The linear relationships enable the predictions of the adsorption constants of all
oxides based on Born solvation theory. The adsorption constants of LCAS are comparable to those of
goethite. The comparisons of the adsorption constants of soil minerals suggest that the
ferrihdyrite, goethite and LCAS are three most important sorbents for Pb(II). Ferrihydrite and
goethite are ferric oxides which are unstable in reducing conditions while LCAS is insensitive to
the redox changes. The present study also implies that adsorption of Pb(II) in subsurface soil
conditions may be governed by LCAS.
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