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Welcome	to	the	fifth	annual	Midwest	Geobiology	Symposium!	
 

The	Midwest	Geobiology	symposium	is	an	opportunity	for	undergraduate	students,	
graduate	students,	and	postdocs	to	share	their	research	with	the	regional	geobiology	
community.	This	annual	event	brings	together	students,	faculty,	and	researchers	from	
Midwestern	colleges,	universities,	and	research	institutions.	

 
Thank	you	for	joining	us	to	carry	on	the	Midwest	Geobiology	Symposium	tradition.	

The	interdisciplinary	field	of	geobiology	is	particularly	suited	to	meetings	such	as	this	that	
cultivate	open	and	vibrant	discussions	among	scientists	from	diverse	disciplines.	We	have	
kept	this	in	mind	while	organizing	this	symposium	and	anticipate	that	the	sessions	and	
informal	receptions	and	meals	will	provide	ample	opportunity	for	such	interactions.		

 
The	fifth	annual	Midwest	Geobiology	Symposium	is	being	co-hosted	by	the	

Department	of	Geology	and	Department	of	Biological	Sciences	at	the	University	of	
Cincinnati.	We	will	enjoy	local	venues	in	downtown	Cincinnati	and	spend	a	day	at	the	
University	of	Cincinnati	sharing	recent	advances	and	providing	critical	feedback.	The	
Symposium	will	also	serve	as	a	forum	to	foster	collaboration	and	new	research	directions.	

 
This	year	we	are	pleased	to	welcome	85	attendees	from	20	Midwestern	institutions.	

The	Midwest	Geobiology	Symposium	and	its	sponsors	continue	to	support	the	participation	
of	researchers	at	all	levels,	with	an	emphasis	on	students	and	early	career	scientists.	This	is	
reflected	in	this	year’s	attendees,	70%	of	whom	are	undergraduate	or	graduate	students.		
 
Sincerely,	
 
The	Midwest	Geobiology	2016	Organizing	Committee	
 
Andy	Czaja	(Department	of	Geology)	
Aaron	Diefendorf	(Department	of	Geology)	
Jeff	Havig	(Department	of	Geology)	
Trinity	Hamilton	(Department	of	Biological	Sciences)	
Erika	Freimuth	(Department	of	Geology)	
Andrew	Gangidine	(Department	of	Geology)	 	
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Reception	–	Friday,	October	14th,	2016	
Rhinegeist	Brewery	(rhinegeist.com),	1910	Elm	Street,	Cincinnati,	OH	45202	
 
7:00	pm		Welcome	Reception	(food	provided,	drinks	can	be	purchased	on	site)	
This	location	is	not	within	easy	walking	distance	so	given	the	time	of	day,	driving	or	taking	a	taxi	is	highly	

recommended.	There	is	a	free	parking	lot	across	the	street	from	Rhinegeist.	If	this	lot	is	full,	there	is	a	paid	lot	

($0.50/hr,	first	hour	free)	two	blocks	away	at	Findlay	Market,	127 Findlay St.	
 
 
Program	of	Events	–	Saturday,	October	15th,	2016	
Great	Hall,	4th	Floor,	Tangeman	University	Center,	University	of	Cincinnati 
 
8:00	am	Arrival,	Registration	and	Breakfast	

9:15	am	Welcoming	Remarks 

Oral	Session	1	–	Biogeochemical	effects	and	signatures	of	microbial	life	
9:30	am			Scott	Beeler,	Washington	University	in	St.	Louis 

Biogeochemical	approaches	towards	determining	the	drivers	of	microbialite	formation	at	Laguna	

Negra,	Argentina	

9:45	am			Karley	Chantos,	Northern	Illinois	University	
Impacts	of	bison	reintroduction	on	soil	geochemistry	and	microbial	communities	in	a	tallgrass	prairie	

10:00	am		Xiaoming	Chen,	Miami	University	
Microbial	distribution,	chemical	speciation	of	heavy	metals,	and	their	relationships	in	a	uranium	mine	

10:15	am		Yangjian	Cheng,	Miami	University	
Microbial	mineralization	of	rare	earth	metals	

 
10:30	am	Coffee	Break	
 
Oral	Session	2	–	Marine	and	lacustrine	reservoirs	of	life,	sulfur,	and	metals		
11:00	am	Paula	Dalcin	Martins,	The	Ohio	State	University	

Extensive	methane	and	sulfur	cycling	in	Prairie	Pothole	Wetlands	

11:15	am		Maya	Gomes,	Washington	University	in	St.	Louis	
Biogeochemical	sulfur	cycling	in	modern	euxinic	systems	and	implications	for	exploring	the	extent	of	

euxinia	in	ancient	oceans	

11:30	am		Erik	Hartung,	Kent	State	University	
Metal	accumulation	and	hydraulic	performance	of	aging	bioretention	cells		

11:45	am		Olivia	Hershey,	The	University	of	Akron	
Ultra-small	cells	in	the	Wind	Cave	lakes:	starvation	or	adaptation?	

 
12:00	pm		Lunch,	Great	Hall	(provided)	
 
Oral	Session	3	–	Geobiology	–	taphonomy	and	paleoenvironmental	reconstruction	
1:00	pm			Sarah	Keenan,	University	of	Tennessee	

Soil	responses	to	a	nutrient	“hotspot”:	the	biogeochemistry	of	vertebrate	decomposition	in	a	forest	

ecosystem	

1:15	pm			Judith	M.	Klatt,	University	of	Michigan	
The	interaction	of	several	microbial	functional	groups	shapes	net	oxygen	production	in	a	

cyanobacterial	mat	

1:30	pm			Ashley	Manning-Berg,	University	of	Tennessee	
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Using	Gigapan	mosaics	as	a	tool	for	taphonomic	assessment	of	microfossils	from	the	Angmaat	

Formation,	Bylot	Supergroup			

1:45	pm			Elizabeth	Olson,	Northern	Illinois	University	
Reconstructing	δ18O	in	groundwater	from	tree-ring	cellulose	in	arid	regions	

 
2:00	pm			Coffee	Break	
 
Oral	Session	4	–	Organic-inorganic	interactions	
2:30	pm			Jay	Osvatic,	Northern	Illinois	University	

Metagenomic	assembly	of	novel	bacteria	from	the	Calumet	Wetlands	

2:45	pm			Ceth	Parker,	The	University	of	Akron	
Iron-reducing	bacteria	associated	with	iron	ore	cave	formation	

3:00	pm			Shagun	Sharma,	The	University	of	Akron	
Can	soil	associated	microorganism	remediate	coal	mine-derived	acid	mine	drainage?		

	

3:15	pm			Closing	Remarks 
 
3:45	pm			Poster	Session	–	Appetizers	and	cash	bar	
	
5:30	pm			Meeting	End	
 
 
If	staying	in	Cincinnati	on	Saturday,	October	15,	the	following	is	a	list	of	recommended	restaurants:	
 
Walking	distance	from	TUC	(10–20	minutes):	
Cilantro	Vietnamese	Bistro,	235	W.	McMillan	St.,	Cincinnati,	OH	45219	
Casual	Vietnamese	dishes	

Dewey’s	Pizza,	265	Hosea	Ave,	Cincinnati,	OH	45220	
Neighborhood	pizza	place	

Ambar	India	Restaurant,	350	Ludlow	Avenue,	Cincinnati,	OH	45220	
Northern	Indian	cuisine	

Taste	of	Belgium	-	Clifton,	2845	Vine	St,	Cincinnati,	OH	45219	
A	chic	spot	offering	Belgian-tinged	dishes	alongside	a	long	beer	list	plus	wine	&	cocktails.	

Downtown	Cincinnati:	
Taste	of	Belgium	-	OTR,	1135	Vine	St,	Cincinnati,	OH	45202	
A	chic	spot	offering	Belgian-tinged	dishes	alongside	a	long	beer	list	plus	wine	&	cocktails.	

Pho	Lang	Thang,	114	W	Elder	St,	Cincinnati,	OH	45202	
Upbeat	Vietnamese	joint	inside	Findlay	Market	for	bowls	of	pho	&	banh	mi	sandwiches.	

Taft	Ale	House,	1429	Race	St,	Cincinnati,	OH	45202	
Artisanal	beers,	steaks	&	salads	served	in	a	classic	brewpub	named	after	Cincinnati’s	favorite	son	

Gomez	Salsa,	107	E	12th	St,	Cincinnati,	OH	45202	
Walk-up	Mexican	eatery	serving	tacos	with	salsa,		located	next	to	Half	Cut,	a	hipster	craft	beer	destination	

A	Tavola,	1220	Vine	St.,	Cincinnati,	OH	45202	
Wood	fire	pizza,	pasta,	platters,	wine	

Kaze,	1400	Vine	Street,	Cincinnati,	OH	45202	
Japanese	gastro	pub	and	sushi	bar	

Moerlein	Lager	House,	115	Joe	Nuxhall	Way,	Cincinnati,	OH	45202	
Beer	bar	and	New	American	fare,	river	views 	



Parking: We recommend parking in the Clifton 
Court Garage. Please bring your parking ticket to 
the symposium and we will provide a free pass.



Conference
       & Event Services

      

Tangeman University Center Floor Plan                             

GH Lobby

                             
Level 3
Atrium

Level 3
Atrium
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Biogeochemical approaches towards determining the drivers of microbialite 
formation at Laguna Negra, Argentina 

SCOTT R. BEELER1*, FERNANDO J. GOMEZ2, ALEXANDER S. BRADLEY1 

1Department of Earth and Planetary Sciences, Washington University in St. Louis, St. Louis, USA, 
beeler@wustl.edu (*presenting author) 
2Laboratoria de Análisis de Cuencas, CICTERRA-CONICET, Facultad de Ciencias Exactas, Fisicas y Naturales, 
Universidad Nacional de Córdoba, Córdoba, Argentina, fgomez@cicterra-conicet.gov.ar  

 
 Microbialites are sedimentary deposits that form from the interaction of biological and 
geological processes, making them an important geological record of life. These structures are 
among the most prominent records of life through the Precambrian, and comprise some of the 
oldest evidence for life. Further, by providing macroscopic evidence of microbial processes 
microbialites have been implicated as a potential target in the search for extraterrestrial life. 
However, the utility of these structures for these applications is confounded by our inability to 
confidently determine the controls of their morphogenesis and in particular the role of biology in 
their formation. Study of modern analogs, where microbialites can be studied alongside the 
microbial processes associated with their formation, can help to better understand the formation 
of microbialites enhancing our ability to interpret these structures in the geologic record.  
 

We examined the actively forming microbialites of Laguna Negra in Northeastern 
Argentina [1]. These structures display a range of morphological variability associated with 
changes in environmental conditions. Three endmember morphologies are observed at Laguna 
Negra (oncoids, stromatolites, and laminar crusts) each associated with visually distinct 
microbial communities implying that changes in microbial community structure and function 
may play a role in their morphological variability. 
 

We utilized a combined approach integrating geochemical and biological methods to 
understand biogeochemical changes that might be correlated with morphological differences 
among microbialites at Laguna Negra. Electron probe microanalyses indicated that each of the 
endmember morphologies observed at Laguna Negra have distinct minor element compositions. 
Variability within individual endmember morphologies was observed, but was generally lower 
than between morphologies. This suggests the possibility that spatial and temporal variation in 
lake water geochemistry is recorded in the carbonates. Structural and isotopic compositions of 
lipid biomarkers were measured to assess whether changes changes in microbial community 
structure or function were associated with morphological changes. Lipid profiles were dominated 
by the saturated and monounsaturated even homologues of  C16 to C24 compounds. Abundant C27 
to C29 sterols were also observed in the microbialites and their associated mats. These results 
suggest that primary production is dominated by algae, which is consistent with previous 
observations of Laguna Negra mats [1]. The results of these analyses are consistent with 
morphological control due to geochemical or physical changes across the lake edge, however a 
microbial role can not be excluded.  
 
[1] Gomez et al. (2014) Palaios 29, 233-249  
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Impacts of bison reintroduction on soil geochemistry and microbial 
communities in a tallgrass prairie 

KARLEY M. CHANTOS1, WESLEY D. SWINGLEY2 

 
1Biological Sciences, Northern Illinois University, DeKalb, IL, USA, kchantos@gmail.com   
2Biological Sciences, Northern Illinois University, DeKalb, IL, USA, wswingley@niu.edu 
 
 Tallgrass prairies have been reduced in area by over 90% and are therefore one of the 
most threatened ecosystems in the world. Nachusa Grasslands, located in Franklin Grove, IL, 
USA, is a successful long-term effort of restoring agricultural land to mosaic tallgrass prairies.  
More than 30 bison (species Bison bison) were reintroduced into 500 acres of enclosed prairie in 
November 2014 to reinstate integral grazing regimes to the landscape.  The goal of this study 
was to understand how nutrient influx and microbial communities in bison feces affect the 
microbial community of prairie soil.  Newly-reintroduced bison have access to restored prairies 
that were re-planted at nine different time-points over the last 16 years, including remnant 
prairies that were never used for agriculture. Manipulative field experiments were used to 
explore the direct interactions between bison dung and various aged prairie soil, with bulk soil 
from both bison-exposed and bison-free treatments sampled biweekly from spring to fall 2015.  
In addition, we sampled soil below and along a transect away from undisturbed fecal patties 
during a three-week period to examine their direct impact on soil geochemistry and microbial 
diversity.  A preliminary set of soil and fecal samples were analyzed for geochemistry and 16S 
rDNA amplicon sequencing to quantify microbial communities and nutrient influx; alterations to 
microbial carbon and nitrogen cycles. Initial community analyses suggest that feces inputs drive 
an increase in easily cultivable, acidophilic Acidobacteria Groups 1 and 3 in old and remnant 
prairies, but decrease these groups in newly-planted prairies. Conversely, uncultured, 
neutrophilic Acidobacteria Groups 6 and 16 show the opposite trend, suggesting that pH and 
nutrient concentration may have drastically different effects on different-aged prairies. Further 
analyses of soil geochemistry and the reconstruction of microbial metabolism will determine if 
bison-mediated increases in nitrogen and carbon are directly responsible for these community 
shifts. Continuing studies at Nachusa Grasslands will establish whether changes in geological 
and microbial structure due to fecal deposits are temporary or have long-term impacts on both 
the prairie soil and higher trophic levels. Ecosystem restoration is a critical component of 
managing sustainable biogeochemical cycles in the Anthropocene, and characterizing the 
microbial contributions will be critical to improving success rates for future restoration efforts.  
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Microbial Distribution, Chemical Speciation of Heavy Metals, and Their 
Relationships in a Uranium Mine 

XIAOMING CHEN1,2*,  HAILIANG DONG3 

1 School of Life Science and Engineering, Southwest University of Science and Technology, Mianyang , China 
2 Department of geology & environmental earth science, Miami University, Oxford, USA, chenx33@miamioh.edu* 
3 Department of geology & environmental earth science, Miami University, Oxford, USA, dongh@miamioh.edu 
 

In order to study the relationship between chemical speciation of heavy metals and 
microbial distribution in uranium mine, soil samples were collected from different pollution sites 
along the Zhongchang ditch, the Yangchang ditch, and the Sulimutang in the Zoige uranium 
mine. Soil microbial abundance and species diversity were analyzed with the plate dilution 
method. Dominant microbial species from these plates were identified by using 16S rDNA 
sequence analysis and Biolog automated microbial identification system. The abundance of 
heavy metal and their chemical speciation were also analyzed.  The stress screening method was 
used to isolate microbial strains with a high tolerance to U(VI). The results showed that the soil 
in Zoige uranium mine was contaminated with various kinds of heavy metals, such as As, Cr, 
Mo, Sr, V, Zn, U, etc. The microbial abundance in the soil samples included bacteria (8.40×105 − 
2.50×108 CFU/g), actinomycetes (2.40×104 − 1.76×106 CFU/g), and fungi (1.00×102 − 3.20×104 

CFU/g). With increasing soil depth, the abundance of these three types of microorganisms 
showed a decreasing trend. The amount of Mo bound to Fe-Mn oxides, Sr bound to carbonate, Sr 
bound to Fe-Mn oxides, organic Sr, and the amount of exchangeable Zn showed a significant 
positive correlation with the total number of microorganisms; in contrast the abundances of 
organic Cr and residual Mo were negatively correlated with the total number of microorganisms, 
based on the correlation analysis between microbial community structure and chemical forms of 
heavy metals. That’s maybe related with the microbial absorption patterns  to heavy metals. The 
exchangeable form and the organic form are the most distinct bioavailability. Sixteen different 
kinds of microbial strains were isolated and in which, Delftiatsuruhatensis, Pseudomonas 
brassicacearum, and Bacillus sp. strain  showed a resistance to 120 mg/L U(VI). These results 
provide a basis for reducing metal pollution and ecological rehabilitation in the Zoige uranium 
mine field. The isolated dominant microbial strains could be potentially used heavy metal 
remediation.  
 
 
 
 
 
 
 
 
Fig.  Soil sampling  
points in the uranium  
area  
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Microbial Mineralization of Rare Earth Metals 
CHENG YANGJIAN1, 2*, DONG HAILIANG2 

1Department of Environmental Sciences and Engineering , Fuzhou University, Fuzhou, China, yjcheng@fzu.edu.cn 
(*presenting author) 
2Department of Geology and Environmental Earth Sciences, Miami University, Oxford, USA, dongh@miamioh.edu 
 
 In the last two decades, rare-earth metals (REMs) have been widely used in various 
modern technological devices. The global demand for REEs has been increasing. REMs are 
being increasingly released into the environment, consciously or unconsciously, and find their 
ways into streams and rivers. However, REM concentrations are usually very low (less than 4 
ng/kg) in the streams and rivers. For this reason, finding novel methods of separating and 
enriching REMs from these diluted sources is the focus of current research.Several methods of 
retrieving REMs from waste-water are already being developed. These include conventional 
processes such as precipitation reactions, ion exchange, electrical-chemical secretion, membrane 
separation and reverse osmosis as well as deployment of adsorptions resins. The disadvantages 
of these methods are high costs or inefficient separation of low concentrations of REMs.   
        
 Developing alternative processes of recovering REMs from diluted watery solutions is 
therefore of special interest. In this respect, microbiological processes are gaining an importance, 
as they offer economic and ecological ways of material recovery. Biosynthesis of metallic 
nanoparticles(NPs) is a promising solution to this problem. Some microorganisms have the 
ability to convert these metal ions to metal nanoparticles . For example, the X-ray diffraction 
data (Fig. 1) showed that the Delfita sp., was isolated form china, can convert the La3+ and Ce3+ 

into the nanoparticles . 

    Fig. 1.The interaction between Delftia sp. with La3+(left) and Ce3+(right) in LB medium.  
  
      Using microorganism to produce metal nanoparticles has several advantages: First, 
microorganism can be cultivated simply and quickly and they enable efficient NP-production 
through their increased metabolism; Second, microorganism can increase the local concentration 
of dissolved metals within or on cell surface, and ultimately converting dissolved metal ions to 
metal nanoparticles; Third, conversion of the ionic forms of REMs to easy-to-handle 
nanoparticle dimensions (typically from 10-200 nm) is likely to conduce to take the 'large' metal 
nanoparticles out aqueous solution, and prevent the REM ions migrate in the environment.   
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Extensive methane and sulfur cycling in Prairie Pothole Wetlands 
PAULA DALCIN MARTINS1*, MICHAEL JOHNSTON2, DAVID HOYT3, MALAK TFAILY4, MICHAEL 

WILKINS5 

1Department of Microbiology, The Ohio State University, Columbus, USA, dalcinmartins.1@osu.edu (*presenting 
author) 
2Department of Microbiology, The Ohio State University, Columbus, USA, johnstonm101@gmail.com  
3Environmental Molecular Sciences Laboratory, Pacific Northwest National Laboratory, Richland, USA, 
david.hoyt@pnnl.gov  
4Environmental Molecular Sciences Laboratory, Pacific Northwest National Laboratory, Richland, USA, 
malak.tfaily@pnnl.gov  
5School of Earh Sciences and Department of Microbiology, The Ohio State University, Columbus, USA, 
wilkins.231@osu.edu  
 
 While inland waters are increasingly recognized as critical drivers of methane emissions 
to the atmosphere, the controls on such fluxes are less well understood. The Prairie Pothole 
Region (PPR) is the largest wetland ecosystem in North America, containing millions of small 
shallow wetlands. Given that pore waters from these wetland sediments contain abundant 
dissolved organic carbon and elevated concentrations of sulfur species, we aimed to investigate 
linkages between the carbon and sulfur cycles that impact carbon dioxide and methane emissions 
from this system. Sediment cores were collected in winter, spring and summer from two 
geochemically distinct lakes in North Dakota. Sulfate reduction rates up to 22 µmol cm-3 day-1, 
which are some of the highest rates ever recorded in freshwater environments, were detected 
during summer, and likely drive a significant fraction of carbon mineralization in this system. 
Mass spectrometry data also indicated higher rates of biological activity during summer, when 
larger fractions of assigned compounds had sulfur, nitrogen and phosphorous atoms. Preliminary 
metagenomic analyses identified diverse deltaproteobacterial lineages that may reduce sulfate, 
while abundant Thiobacillus species could re-oxidize sulfide, allowing such high reduction rates 
to be maintained. Additionally, extremely high methane concentrations (up to 6 mM in sediment 
pore waters) indicated that sulfate reduction did not inhibit methane accumulation in these 
sediments. Accordingly, methane emissions from both lakes were extremely high and drastically 
increased in early spring. Sequences matching methanogens from most of known orders were 
identified, further supporting active methane production in these sediments. Carbon analyses via 
H+-Nuclear Magnetic Resonance suggested that methanol cycling in shallow sediments may play 
a significant role in driving methanogenesis, thus avoiding thermodynamic inhibition by sulfate-
reducing microorganisms if both processes co-occur. Interestingly, ethanol and isopropanol were 
detected in concentrations up to 4 mM. Both alcohols are known substrates for sulfate reduction 
and could support the high rates measured in this study. Our results indicate that the PPR plays a 
critical, but poorly recognized role in regional greenhouse gas emissions and requires further 
studies at larger spatiotemporal scales. 
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Biogeochemical sulfur cycling in modern euxinic systems and implications for 
exploring the extent of euxinia in ancient oceans 

MAYA GOMES1,2*, DAVID JOHNSTON2 

1Department of Earth and Planetary Sciences, Washington University, St. Louis, MO, USA, 
mgomes@email.wustl.edu (*presenting author) 
2Department of Earth and Planetary Sciences, Harvard University, Cambridge, MA, USA  
 

 Euxinia – a water column state characterized by anoxic and sulfidic conditions - was 
common in the marine realm during the early evolution of multi-cellular life and extinction 
events in the Phanerozoic. However, it is not clear how much of the ocean was euxinic during 
these major Earth-life transitions and this hinders our ability to link geographical patterns of 
euxinia to paleontological observations of marine faunal turnover. Here, we present water 
column sulfate isotope geochemistry data from modern euxinic lakes that allows us to explore 
patterns of biogeochemical sulfur cycling associated with euxinic systems and how geochemical 
evidence of this cycling is preserved in sedimentary records. We show that sulfate reduction 
rates greatly outpace sulfide reduction rates. Therefore, sulfate reduction is the primary process 
that impacts sulfur and oxygen isotopes of sulfate in the water column. Based on these results, 
we present a marine sulfate sulfur and oxygen isotope box model that can be used to estimate the 
extent of euxinia in ancient oceans. This work has implications for exploring the how the 
expansion and contraction of euxinia in the ocean influences evolutionary patterns throughout 
Earth history. 
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Metal accumulation and hydraulic performance of aging bioretention cells  
ERIK HARTUNG1* AND DAVID COSTELLO2 

1Department of Biological Sciences, Kent State University, Kent, USA, ehartun1@kent.edu (*presenting author) 
2Department of Biological Sciences, Kent State University, Kent, USA, dcostel3@kent.edu  

 
 Bioretention cells are widely used to capture and infiltrate stormwater runoff. Laboratory 
and field tests have shown the potential for bioretention cells to remove toxic metals from 
stormwater. However, questions remain about the quantity of metal pollutants bioretention 
accumulate as they age, where metal accumulation typically occurs within each cell, and how 
aging of bioretention may affect stormwater infiltration rates. Vehicle-associated metals (i.e., Cu, 
Pb, and Zn) and hydraulic conductivity were measured in 27 bioretention cells adjactent to 
parking lots that ranged in their installation dates from 2009-2016. Infiltration rates were slightly 
greater in older bioretention cells, indicating no loss in infiltration capacity during the first 7 
years of activity. Soil Cu and Pb concentrations were not elevated in older cells, but media Zn 
concentrations were greater in older bioretention cells.. Further, the concentration of Zn in 
bioretention cell surface media (0–10 cm) was, on average, 13 µg/g dw greater than 
concentration in deeper media (10–20 cm), but concentrations did not differ between inflow and 
drain locations. These results suggest a slow accumulation of Zn in the surface of bioretention 
cells over time and a fairly even lateral distribution within bioretention cells. The findings of this 
study underscore the potential of bioretention cells to infiltrate stormwater and store toxic metals 
as they age.  
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Ultra-Small Cells in the Wind Cave Lakes: Starvation or Adaptation? 
OLIVIA S. HERSHEY1*, KAYLA A. CALAPA2, HAZEL A. BARTON3 

1Department of Biology, University of Akron, Akron, USA, ose1@zips.uakron.edu (*presenting author) 
2Department of Biology, University of Akron, Akron, USA, kac134@zips.uakron.edu  
3Department of Biology, University of Akron, Akron, USA bartonh@uakron.edu  
 

The lakes at Wind Cave National Park, South Dakota, provide a rare natural window into 
the Madison Aquifer, a major source of drinking water in the region. The geologic isolation (660 
feet below the surface) and long residence time (~25 years) of water en route to the lakes results 
in nutrient-limited conditions. Despite these conditions the lakes support a diverse community of 
microbes, albeit at a low concentration (~2,300 cells/mL). Previously, theoretical limits on cell 
size estimated the minimum size of cells to be 0.2µm in diameter; however, several recent 
studies on oligotrophic groundwater and spring discharge have shown the presence of cells 
smaller than this theoretical minimum (<0.2µm). To verify that this trend is also present in the 
aquifer-surface lakes of Wind Cave, we compared the profiles of the microbial community of the 
lakes collected using 0.2µm and 0.1µm membrane filters. In separate sampling trips, 140-200L 
of cave water were filtered, and DNA was extracted for 16S rRNA community analysis on the 
Illumina MiSeq platform after amplification with barcoded universal bacterial/archaeal 16S 
rRNA primers. The resulting sequences were evaluated using QIIME (Quantitative Insights into 
Microbial Ecology) and the Greengenes and Silva databases. When comparing assigned taxa 
between the 0.1µm and 0.2µm samples, the communities appear to be similar; however, up to 
30% of the OTUs in the 0.1µm filter sample remain unassigned to representative taxa, indicating 
that a large portion of the microbial community was previously excluded, and remains 
unclassified, due to cell size.  
  

One hypothesis for the high percentage of ultra-small bacteria in the lakes is the potential 
filtering effect of the rock/sediment matrix through which the ground water travels en route to 
the lakes, which may restrict the passage of larger bacteria. An alternative hypothesis to this is 
that the microbes in the lakes have acquired small size as an adaptation for surviving in such 
nutrient limited conditions. To survive this limitation, microbes may adapt by reducing cell size 
to increase the surface area to volume ratio, therefore increasing nutrient absorption efficiency. 
However, if the small cells are simply a result of starvation, providing nutrients should allow the 
cells to grow to larger sizes.  We tested this hypothesis by collecting unfiltered water, 0.2µm 
filtrate, and 0.1µm filtrate from the lakes and placed them in various nutrient media, allowing 
them to grow for ~2 weeks, then filtering the resulting cultures again through 0.2µm and 0.1µm 
syringe filters. Growth in the subsequently filtered samples suggests that the small cell size is a 
result of adaptation rather than starvation. The results of the lake community 16S rRNA analysis 
and the culturing experiments have implications for future work in attempting to culture and 
categorize microbes, suggesting that ultra-small cells may have more of an impact on community 
structure than previously thought. In uncovering the processes that support survival in starved 
environments and studying the interactions of biological functions within the community, 
inclusion of ultra-small cells may be vital to understanding the system as a whole.  
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 The introduction of a vertebrate carcass to an environmental system represents a 
significant, yet ephemeral, nutrient “hotspot.” During decay, the release and production of 
nitrogenous compounds, including proteins and urea, as well as labile carbon results in 
biogeochemical transformations within the soil and stimulates soil microbial communities. We 
evaluated soil biogeochemistry in response to the surface decomposition of five adult to sub-
adult beavers (Castor canadensis) in a temperate forest in Oak Ridge, Tennessee during July and 
August, 2016. The site consists of gravelly silt loam soil, experiences mean annual high and low 
temperatures of 31 and 19.5°C during July and August, and average precipitation of ~100 mm. 
Sensors, both in the soil and within the decomposing carcasses, provided hourly measurements 
of temperature, and for the soil, conductivity and moisture. Soils were collected prior to decay, 
during early, active, and advanced decay, which spanned 13 days, to assess changes to soil 
physiochemistry, soil protein content, and microbial respiration in response to the rapid 
introduction of organic compounds.  
 
 Soil temperatures increased from ambient (~25°C) to over 40°C, and internal 
temperatures reached a maximum of 50°C during active decay. Pre-decay soil pH ranged from 
6.7 to 6.9, and significantly increased to 9.0 during advanced decay, likely due to ammonia 
production. Soil conductivity also significantly increased from pre- to active and advanced decay 
from 41 to 3700 ìS/cm, driven by the release of carcass-derived fluids. Soils shifted from well-
oxygenated (~97% O2) within the upper 10 cm to locally anaerobic (1.4 to 35% O2) during active 
and advanced decay. The release of carcass-derived N- and C-rich fluids stimulated soil 
microbial communities with respired CO2 increasing significantly from 0.05 up to 0.44 mg of 
C/g dry weight soil/day. Soil protein content increased during decomposition, although the 
change was not statistically significant. 
 
 These results add to a growing understanding of vertebrate decay, from soil 
biogeochemical and microbial perspectives. Biogeochemical transformations to soil as a 
consequence of decomposition ultimately play a critical, yet poorly understood, role in the 
diagenesis of bone, which is often the only remaining material following decay for fields 
including forensic sciences and paleobiology. From a thermodynamic perspective, a soil pH 
shift, here from ~6.8 in pre-decay soils up to 9.0 during advanced decay, likely alters the 
predicted bone stability (as the mineral hydroxylapatite) from undersaturated to supersaturated. 
These early and dramatic biogeochemical processes are significant in modern systems, and more 
than likely played critical roles in the geologic past. 
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production in a cyanobacterial mat 
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Cyanobacteria are well-recognized as the key biological drivers of Earth’s oxygenation, 

yet the microbiological and environmental factors that regulate O2 production in natural 
cyanobacterial communities are unknown. We studied the activity of photosynthetically versatile 
cyanobacteria and other controlling factors on net O2 release in microbial mats in the Middle 
Island Sinkhole (MIS) in Lake Huron using microsensors. The main autotrophic mat architects 
were red-colored cyanobacteria (Phormidium sp. and Planktothrix sp.), large filamentous sulfur 
oxidizing bacteria (SOB) and diatoms. We exposed mat samples to simulated diel light cycles 
and varied the water column conditions above the mat between anoxic, anoxic and sulfidic, and 
oxic. The cyanobacterial population was able to perform both sulfide-driven anoxygenic 
photosynthesis (AP) and oxygenic photosynthesis (OP). Cyanobacterial OP was, however, 
entirely inhibited by H2S concentrations > 1uM. In contrast to diatoms, the cyanobacteria were 
incapable of performing OP efficiently under anoxic conditions. Therefore, even upon local 
depletion of H2S by AP, the mats only turned into O2 sources when the simulated diel cycle was 
in alignment with the the circadian rhythm of the diatoms, or when the water column was oxic. 
 

Even under oxic conditions, the transition of the system from AP to OP required an 
unexpectedly long exposure time to light. This effect was caused by a reflective layer of SOB 
that covered the photosynthetically active zone. Migration of the SOB underneath the layer 
dominated by cyanobacteria and diatoms only occurred after extended exposure (2-3 hours) to 
high light conditions. Monitoring of the gross rates of photosynthesis showed that there was a 
gradual shift from AP to OP during the 2-3 hour lag phase. The light-induced dynamics of total 
sulfide indicated that this shift was accompanied by a decrease of local sulfide production rates. 
After the shift towards OP, SOB migration was induced and the disappearance of the reflective 
cover led to increased light availability in the cyanobacterial layer and a rapid increase of OP. 

 
Taken together, these results show that the O2 budget of the MIS mats is shaped by 

beneficial and competitive interactions among cyanobacteria, diatoms, SOB and sulfur/sulfate 
reducers. These observations highlight the interacting influences of light, sulfide, and microbial 
metabolism and behavior in shaping photosynthetic mode, structure, and biogeochemistry of 
cyanobacterial mats. 
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 Relatively unmetamorphosed peritidal deposits of the Mesoproterozoic (~1.2 Ga) 
Angmaat Formation, Bylot Supergroup, Baffin Island, Canada, preserve evaporative microbial 
flat environments. Early diagenetic chert, which occurs as lenses and nodules throughout the 
formation, preserves a range of microbial mat communities that grew within the peritidal 
sequence. Persistently subaqueous deposits are dominated by filamentous microbial 
communities, intertidal deposits preserve a microbial community dominated by coccoidal 
microorganisms and extrapolymeric substance (EPS), and supratidal deposits are dominated by a 
low-diversity filamentous microbial community (Kah and Knoll, 1996; Knoll et al., 2013).  
Microbial mats preserved within the chert display a range of taphonomic states from well-
preserved mats, interpreted to have experienced little alteration during early diagenesis, to 
highly-degraded and compacted mats that represent preservation during later stages of early 
diagenesis.  

 
Within preserved mat fabrics, individual microfossils also show variation in taphonomic 

state and degree of preservation. Coccoid-dominated mats contain sheath morphologies 
associated with billowy masses of EPS. Filamentous mat fabrics contain well-preserved sheaths 
that lack evidence of tearing, folding, or collapse. In more altered and degraded mat fabrics, 
distinct sheath morphologies are not observed. Taphonomic assessment of the microbial mat 
fabrics and individual microfossils was performed using a modified classification scheme 
accounting for the taphonomic preservation (good, fair, poor, unrecognizable) and the degree of 
compaction for the overall mat.  

 
Here we highlight high-resolution digital images of petrographic thin sections that were 

stitched together to create Gigapan mosaics. These images permit multi-scale characterization of 
mat fabrics, including both the degree to which the overall mat has been affected by compaction, 
and micro-scale details about mats components, such as the taphonomic state of individual 
microfossils. Gigapan images allow for rapid assessment of both large- and small-scale variation 
within the microbial mats. Observed differences are used to relate the preserved taphonomic 
range of individual microfossils to the taphonomic range of mat fabrics. Here we show how these 
results compare to previous taphonomic assessments performed using light microscopy and 
discuss advantages and limitations of Gigapan mosaics for taphonomic studies.  
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 Model relationships between tree-ring cellulose and source water isotope values have 
found that in low relative humidity conditions, there is an observable decoupling of predicted 
cellulose isotope values from source water. Previous models have assumed that atmospheric and 
source water are in isotopic equilibrium; however, in the arid Atacama Desert, this assumption is 
flawed since this is one of the driest place on Earth. Atmospheric moisture is sourced from the 
Pacific via coastal fog and groundwater reservoirs are recharged from the high Andes via storms 
out of the Amazon basin. In this study, we utilize a modified cellulose-water model from 
Dongmann et al. (1974) to assess the transfer of the isotopic signature of both atmospheric vapor 
(δ18O atm) and groundwater water (δ18O sw) to tree-ring cellulose δ18O values in Prosopis sp. 
from the Atacama Desert of Northern Chile. The isotopic signal preserved in the tree-ring 
cellulose (δ18O cell) is dependent on variations in source waters, evaporative enrichment of waters 
in the leaves, and the degree of exchange between the glucose moieties and waters during 
phloem transport. The degree to which these factors contribute to apparent isotopic fractionation 
in these arid trees is calculated from average cellulose and leaf values from nine individual tree 
samples collected in November of 2014. Calibration of the model was done using data from 
ground water (δ18O sw) and tree-ring cellulose from years where both data are available (2013, 
1987, 1981, and 1972). Average annual values for relative humidity data were obtained from the 
Dirección Meterorológica de Chile Calama weather station. The fraction of exchange between 
source water and cellulose (Pex) is 0.43 and falls on the low end of the range previously 
established for tree species (40 - 100%). This rate indicates that the turnover of carbohydrates is 
potentially high with little recycling or storage preventing repeated exchanges of carbohydrate 
oxygen sites with source waters. In order to improve the predictive power of the model, the 
damping factor f is used which pools the degree of evaporative enrichment of waters in the 
leaves, Pex , Px (the proportion of source water in the cambium cell), and the Péclet effect. For 
Prosopis sp., f is among the lowest values calculated for tree species and ranges from f = 0.22 for 
P. chilenis to  f = 0.29 for P. tamarugo. These values indicate that high evaporative demand 
causes intense transpiration and high hydraulic conductance while the leaf stomata remain partly 
closed, as such, only 20-30% of leaf waters is non-evaporative. These values for f agree with the 
stomatal control observed in each species as P. chilenis has higher stomatal conductance than P. 
tamarugo. The modeled δ18O cellulose values have a linear regression correlation with the δ18O 
measured cellulose values of r = 0.91 (> 99 % confidence level).  A modern tree-ring oxygen 
isotope chronology from 1964 to 2014 was used to model groundwater values (δ18O sw) in the 
basin. The results of this study show that the previously observed decoupling between source 
water and cellulose oxygen isotope values is likely due to disequilibrium between atmospheric 
and source water δ18O. For paleoclimate applications of the cellulose proxy utilizing both values 
to calibrate an average f factor may facilitate the reconstruction of source water δ18O overtime 
since deviations in relative humidity in these arid regions is brief due to high evaporation 
potential causing f to be static with regards to long-term modeling applications.   
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The Calumet Wetlands, located in southern Chicago, Illinois, USA, is a historical steel 

waste dumping site with unique environmental conditions. During the rapid industrial expansion 
and production surrounding Chicago in the early 1900’s created a variety of environmental 
problems, primarily how to process the wastes from these industries. Throughout this period, 
slag from Chicago’s steel industry containing high concentrations of heavy metals were used as 
inexpensive fill material to create buildable land out of the surrounding marsh areas, without 
consideration to the environmental effects of the waste. This has led to a highly alkaline (up to 
pH>13.2), non-saline environment because weathering of the slag releases large amounts of 
Ca(OH)2 into the groundwater flow. Anthropogenic alkaline sites are distinct from naturally 
occurring alkaline systems both in their extreme pH as well as their high heavy metal 
contaminant concentrations, both provided by characteristics of the waste material dumped.  

 
Previous 16s rDNA amplicon analysis of these sites revealed the microbial community 

was low in microbial diversity and a large portion of the community, particularly at the most 
alkaline sites, contained divergent sequences possibly representing novel phyla. The alkalinity of 
this site makes cultivation of these novel bacteria difficult and current ex situ culturing attempts 
have been unsuccessful. As an alternative to the cultivation of these divergent taxa, metagenomic 
sampling and assembly can be used to allow for the examination of the genomes of these novel 
bacteria without cultivation. 9 metagenomic samples were used in this project, several from a 
single sediment core. In order to assemble an accurate genome from the metagenomic samples 
machine learning-based sequence binning (ESOM) and de novo metagenomic sequence 
assembly (SPAdes) were used. Initial genome bins were created using tetramer frequency and 
coverage values to separate contigs. Anvi’o was used to separate heterogenous ESOM bins using 
differential sequence coverage, identifying 9 strongly supported single genomes within the 
Calumet metagenome dataset. To analyze the single genome bins and understand how the 
bacteria are coping with the stress of the Calumet environment, a protein database was used for 
genome annotation (KEGG). This use of bioinformatics as a way to assist in gathering 
information from difficult to culture bacteria can provide a more accurate picture of the 
microbial environment of Calumet, and can be extended to other high alkalinity industrial 
systems.  
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 Brazils’ banded iron formations (BIFs) are composed of relatively insoluble and erosion 
resistant layers of hematite and quartz.  Despite BIF’s apparent resistance to dissolution, 
Brazilian BIFs host more than 3,000 iron ore caves (IOCs), with many containing water with 
high dissolved Fe(II) concentrations, indicating reductive solubilization of BIF-Fe(III).  The 
mechanism for Fe(III) reduction and the subsequent formation of IOCs remains unclear.  Here 
we show evidence that IOCs contain Fe(III)-reducing microorganisms (FeRM) that could 
provide a microbiological mechanism for Fe(III) reduction and the subsequent formation of 
IOCs.  Illumina sequencing of IOC sediments indicate that IOC microbial communities are 
dominated by members of the Chloroflexi, Acidobacteria and subdivisions of the Alpha- Beta- 
and Gamma-proteobacteria, all of which contain members capable of Fe(III) reduction.  
Through enrichment of FeRM, we have been able to grow and isolate Fe-reducing Firmicutes 
capable of coupling fermentative metabolism to Fe(III) reduction.  Despite Firmicutes only 
making up a small portion of environmental Illumina reads, we have determined that these 
FeRM can dissolve crystalline hematite at a rate greater than abiotic dissolution and/or erosion 
alone.  Our results demonstrate that FeRM are present in IOCs, and that their metabolism could 
account for the Fe(II) identified in the water.  The microbial reduction of Fe(II) coupled to the 
subsequent mass transport of Fe by water could explain the formation of the IOCs and, being the 
first example of microbially-induced cave formation in BIFs. 
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Approximately 10,000 km of streams are adversely impacted by acid mine drainage 
(AMD) in the Appalachian coal mining regions of the United States. AMD forms when 
oxygenated water biogeochemically reacts with coal seam associated FeS2 (pyrite), forming 
acidic fluids with high concentration of Fe and other metal(loid)s. Certain microbial 
communities in these environments catalyze iron and sulfur oxidation that gives rise to the acidic 
fluids. Geochemical and microbiological analyses were conducted of the mine works of two 
abandoned coalmine sites in southeastern Ohio: Huff Run-Mineral City (MC) and Corning Mine 
Pool (CMP), affecting major watersheds in their regions. The mine pools exhibited similar 
chemical characteristics (MC, pH 5.5 to 6.5; Fe (II) 0.02 to 0.05 mM) (CMP, pH 6.4 to 7.1; Fe 
(II) 0.01 to 0.04 mM), Evaluation of pyrosequencing-derived 16S rRNA gene sequences 
recovered from the mine works revealed that both MC and CMP sites had lithotroph dominated 
microbial communities centered around phylotypes attributable to Gallionellales (MC), 
Leionellales (CMP), Burkholderiales (CMP), Methylophilus & Rhizobiales (methanotrophs). To 
evaluate the responses of soil-associated microbial communities to intrusion of AMD, we 
incubated pristine soil with MC and CMP AMD.  Upon infiltration of pristine soil with AMD, 
microbial communities clustered together & separately from AMD only samples, suggesting 
differences in their microbial population composition after incubation with pristine soil. AMD 
intrusion of pristine soil and their community responses may serve as a model for development 
of inexpensive and sustainable AMD treatment. 
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 Long chain (>C25) n-alkanes in sediments derive predominantly from terrestrial plant 
lipids. Hydrogen isotope ratios (dD) of sedimentary n-alkanes correlate with dDH2O of 
environmental water and are commonly applied as a paleoclimate proxy. However, seeming 
variability in the apparent isotopic fractionations between source water and plant materials also 
affects the dD values of n-alkanes and subsequent interpretation of this proxy. Currently, it is 
uncertain whether a single biosynthetic fractionation factor (ebio) is sufficient to reconstruct 
dDH2O of environmental water from the dD of n-alkanes from different plant species. 
 
 To address the question of variations in ebio between plant species, we conducted a short-
term growth chamber experiment with three plant species that are adapted to different 
hydrological regimes. We grew replicates of three different species of tomato: Solanum 
lycopersicum cv M82, S. pennellii, and S. habrochaites. The domestic species of tomato (S. 
lycopersicum) is adapted to water-replete conditions, whereas the wild species S. pennellii 
originates from a desert environment. The plants were grown in replicate (n > 10) in two growth 
chambers of different humidity levels (~30% vs. ~70% relative humidity). We collected samples 
of the controlled source water, atmospheric water vapor, root crown water, leaf water, n-alkanes, 
and bulk tissue for isotopic analysis. We will present preliminary data of sample collection and 
analysis. 
  
 Interfertile Solanum sect. Lycopersicon (tomato) species adapted to a range of 
hydrological regimes provide an ideal model species complex to delve into the biological 
underpinnings of variations in ebio. Future experiments could implement the set of 76 precisely 
defined near-isogenic lines (introgression lines, or ILs) in which small genomic regions from the 
wild tomato S. pennelllii have been introduced into the genome of the domestic tomato, S. 
lycopersicum. This present study characterizes the quantitative ebio values of the two species, and 
future growth experiments with the ILs could be used to resolve the degree to which biosynthetic 
fractionation is regulated by genetic versus environmental factors, and address whether n-alkane 
biosynthesis can be attributed a single ebio across species. 
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Methane (CH4), a potent greenhouse gas, is known to be produced and emitted from 

freshwater systems. Recently, extensive efforts have been taken to quantify methane emissions 
from these ecosystems, while additional research has focused on factors that may influence 
emissions. Methanogenesis, the biological formation of methane, is a key determinant of 
emissions, thus highlighting the importance of understanding of factors that affect 
methanogenesis. In natural settings, methane production can be highly spatially variable and 
dependent on a number of environmental variables that may influence the microbial communities 
responsible for methanogenesis.  

 
The goal of this research was to explore the intra-reservoir variability in methane 

production and microbial community composition in the sediment of a eutrophic reservoir 
located in southwest Ohio, using a sampling design that capitalized on known spatial gradients of 
methane emissions. This was done by retrieving sediment cores from 15 sites within the 
reservoir along the known methane emission gradient in late spring. Potential CH4 production 
rates were determined at each site using a microcosm approach. Microbial community 
composition was characterized from a subset of the sites using 16S rRNA sequencing. Potential 
CH4 production rates were highest from sediments near the main reservoir tributary, with the 
four highest potential CH4 production rates corresponding to four sampling sites located near 
this main inlet. These high CH4 potential production rates also correspond to the highest rates of 
CH4 emissions from the water surface near these sites, and to the highest rates of total and 
organic particulate matter inputs based on sedimentation rates from a subset of sites. Results 
from this study will contribute to a process-based understanding of factors influencing methane 
production in open water ecosystems.  
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 Laser Raman microprobe analysis allows individual grains with diameters as small as 
1 µm to be rapidly and non-destructively assigned an accurate mineralogy, providing context to 
grain-specific geochemical data. However, numerous published spectra reportedly for pyrite are 
quite variable. We have conducted experiments to evaluate the variability in the Raman spectrum 
of pyrite, and explore the information content encoded by the Raman spectrum. Using a laser 
Raman microprobe, we measured various natural pyrite samples and recorded absolute band 
positions, relative band separations and band widths. We also measured different face types, 
rotated samples, and used variable laser powers and objectives. 
  
 Preliminary results suggest that natural pyrite can have variable absolute band positions. 
However, down-shifting and broadening of pyrite’s Raman bands occurs, particularly for higher 
laser powers and objectives and smaller grain sizes. We also found that relative band intensities 
and areas for pyrite are a function of the face type being measured and the face’s horizontal 
orientation. 
 
 We attribute the down-shifting of the Raman bands to a laser-induced heating effect. 
Most band position variability (in the literature and our experiments) is likely to be the result of 
this effect. However, some variability is likely the result of chemical impurities. Additionally, 
the relationship between relative band intensities and face type or orientation means that pyrite 
crystal morphology can be inferred from the Raman spectrum. This work furthers our 
understanding of the Raman spectrum for pyrite and suggests that – if care is taken to avoid 
laser-induced sample heating – laser Raman microprobe analysis can provide information about 
chemical composition and crystal morphology.  
 
 Work is in progress to ascertain if the technique, particularly the use of relative band 
intensities to infer morphology, can be extended to analysis of framboidal pyrite. Given that 
pyrite microcrystal morphology may be an environmental indicator, future work will seek to 
establish – through a paired Raman and SIMS approach – whether this measure and grain-
specific geochemical data such as δ34Spyrite can be related.       
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The Biwabik Iron Formation, located along the Mesabi Range in Northeastern 
Minnesota, was deposited in the near shore environment of the Paleoproterozoic Animikie Basin. 
The region is mined for taconite, a low grade iron ore typically used in the production of steel. 
Taconite mine tailings contain measurable amounts of sulfide minerals, as pyrite and pyrrhotite. 
The oxidation products of these tailings potentially contribute to increases in sulfate 
concentrations within the St. Louis River Watershed. We focused on the sedimentary sulfur 
history of one freshwater lake within this watershed known as Bingwi Lake. Previous analyses of 
Bingwi Lake samples shows that sulfur content increases dramatically with the introduction of 
mining activites in 1969, with a maximum concentration greater than 8% sulfur by weight.  
Additionally, isotope analysis of total sulfur shows an upsection decrease in δ34S values 
coincident with the introduction of tactonite mining to Northeastern Minnesota. By performing 
pyrite extractions and sulfur isotope analysis on pyrite recovered from the Bingwi Lake 
sediments, we can determine whether sulfur from waste rock piles and tailings basins along the 
Mesabi Range are contributing to increasing sulfate concentrations in the St. Louis River 
Watershed. The concentrations of iron sulfudes can be used as a proxy for increasing sulfur 
availability with time, and the sulfur isotope composition can further constrain the sources of 
sulfur and its relative contributions.   
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Biomarker and Carbon Isotope Signatures of Late Ordovician samples from 
the North American midcontinent 

SARAH CARTER1*, ALEXANDER S. BRADLEY2 
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  Carbonate rocks were widely deposted across the North American midcontinent during 
the Ordovician Period, leaving a detailed sedimentary archive. Two carbon isotope excursions 
have been described from the late Ordovician, the Katian Guttenberg Carbon Isotope Excursion 
(GICE), and the Hirnantian Carbon Isotope Excursion (HICE), the latter of which is associated 
with a widespread glaciation.  Bulk characterization of inorganic and organic isotopes through 
this period have been described from several localities (Bergstrom et al., 2010). Detailed study of 
organic compounds have also been described from several locations across North America, 
including Iowa, Indiana, Nevada, and Anticosti (Rohrssen et al., 2012). Detailed information 
about the isotopic composition of organic compounds has been reported only from Iowa, 
Ontario, and Pennsylvania (Pancost et al., 1998; Pancost et al., 2013). This study aims to 
investigate Ordovician paleoecology and carbon cycling using biomarkers and their carbon 
isotope signatures recovered from the Decorah Formation at two locations in Missouri and Iowa.  
 
  Samples were collected at two locations. A single sample containing a receptaculitid  
fossil Fisherites was collected from the lower receptaculitid zone of the Dunleith Formation near 
Guttenberg, Iowa. We also collected a set of eight samples at intervals through the Glencoe 
Shale and Kings Lake members of the Decorah Formation near House Springs, Missouri. We 
anticipate two outcomes. First, comparison of the lipid biomarker profile of Fisherites to its 
surrounding carbonate matrix will be used to draw inferences about its potential phylogentic 
affiliation. Second, the 13C content of individual biomarkers through the Decorah Formation will 
be used to understand the relationship of organic to inorganic carbon in this part of the late 
Ordovician midcontinent, in the context of comparision to previous studies (Pancost et al., 1998; 
Pancost et al., 2013).   
 
 
Bergstrom S. M., Schmitz B., Saltzman M. R. and Huff W. D. (2010b) The Upper Ordovician Guttenberg δ13C 
excursion (GICE) in North America and Baltoscandia: occurrence, chronostratigraphic significance, and 
paleoenvironmental relationships. GSA. 466, 37–67. 
 
Pancost R. D., Freeman K. H., Patzkowsky M. E., Wavrek D. and Collister J. W. (1998) Molecular indicators of 
redox and marine phytoplankton composition in the late Middle Ordovician of Iowa, USA. Org. Geochem. 29, 
1649–1662. 
 
Pancost R. D., Freeman K. H., Patzkowsky M. E., Herrman, A. D., and Ainsaar, L. (2013) Reconstructing Late 
Ordovician carbon cycle variations. Org. Geochem. 105, 433-454.   
 
Rohrssen, M., Love, G., Fisher, W., Finnegan, S., Fike, D.A. "Lipid biomarkers record fundamental changes in 
microbial community structure of tropical seas during the Late Ordovician Hirnantian Glaciation." Geology 2013. 
41, 127-130. 
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Reconstructing historic mobility of Madagascan vertebrates using strontium 
isotopes 

BROOKE E. CROWLEY1* 
1Departments of Geology and Anthropology, University of Cincinnati, Cincinnati, USA, brooke.crowley@uc.edu   
(*presenting author) 
 

Over the past 2000 years, Madagascar has undergone extensive ecological degradation. 
Deciphering the movement of animals among modern protected, unprotected, and degraded 
landscapes as well as mobility of individuals in the recent past could help direct management and 
conservation efforts. Strontium isotope (87Sr/86Sr) ratios, which predominantly reflect bedrock 
geology, are able to distinguish organisms from different regions as well as identify highly 
mobile individuals. I present strontium isotope data for modern plants and lemurs as well as 
subfossil hippos, lemurs, and carnivores. There are significant differences in 87Sr/86Sr ratios 
among lithologies. Samples from localities underlain by sandstones, unconsolidated sands, 
limestones, or lavas have lower and less variable 87Sr/86Sr ratios than those underlain by 
Precambrian igneous and metamorphic rocks. Modern plants and lemur bones from the same 
lithologies do not differ isotopically and overall, there are no differences in 87Sr/86Sr between 
modern and subfossil individuals from the same type of bedrock. However, there are several 
subfossil individuals that yielded 87Sr/86Sr ratios that are significant outliers for their respective 
lithologies. These individuals were most likely immigrants, and I discuss their potential origins. 
Results indicate that Sr isotope ratios can (i) distinguish plants and animals from localities 
underlain by different lithologies on Madagascar, and (ii) detect mobility of organisms prior to 
extensive habitat modification. Localities near geological contacts are particularly well suited for 
strontium provenience techniques. I anticipate that this geochemical tool could be used to 
identify historic and recent range restrictions, validate proposed conservation priorities, and 
identify additional key unprotected areas.  
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Variation in microfabric within proterozoic early diagenetic chert 

JEREMY I. DUNHAM1*, ASHLEY R. MANNING-BERG1, LINDA C. KAH1, JULIE K. BARTLEY2 
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1, Earth and Planetary Sciences, University of Tennessee, Knoxville, TN, lckah@utk.edu  
2, Geology Department, Gustavus Adolphus College, St. Peter, MN, jbartley@gustavus.edu  
  

Early diagenetic silicification is abundant in Proterozoic peritidal carbonate successions 
and provides a critical window into organic preservation. The origins of early diagenetic chert, 
however, remain uncertain. Models for the diagenetic replacement of precursor carbonate and 
evaporate phases have focused on highly evaporative environments, on coastal mixing zones, 
and on environments of variable-redox. An additional difficulty in determining the origin of 
authigenic silica results from extensive postdepositional recrystallization that inhibits 
interpretation of primary depositional fabrics. The original phase of sedimentary-hosted 
authigenic chert has, thus, been variably inferred to result from devitrification of silica gel, 
precipitation and recrystallization of opal A or opal CT, precipitation and recrystallization of the 
hydrated sodium silicate magadiite, and the direct precipitation of microquartz.  

 
In order to better understand the origins of early diagenetic chert, we provide a 

comprehensive petrographic analysis of microfabrics from microfossiliferous chert of the 
Mesoproterozoic Angmaat Formation, northern Baffin Island. These cherts preserve 
extraordinary petrographic variability. Microcrystalline chert is most common within preserved 
microbial mats that show no evidence of a precursor mineral phase. Microcrystalline chert in 
these mats also shows variation in crystal size that corresponds to the density of preserved 
organic material. Chalcedony occurs within primary voids, and occurs as both length-fast and 
length-slow chalcedony. Primary carbonate fabrics replaced cherts (e.g microlaminated 
carbonate precipitates) occurs either as elongate lathes that mimic the precursor fabric, or 
microspherulites that overprint (yet preserve) original precipitation fabrics. Such variability in 
microfabric suggests a potentially more complex history to early diagenetic silicification than 
previously recognized. 
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Examining Biogeochemical Nitrogen Cycling via Microbial Analysis in the 
Uintah Basin 

KATHRYN FLEDDERMAN1*, JONATHAN RAFF2 

1School of Public and Environmental Affairs (SPEA), Indiana University, Bloomington, IN, USA, 
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 In the winter of 2014, soil and snow samples were collected from the Uintah Basin in 
Utah to analyze the soil characteristics and the soil and snow microbial activity. The Uintah 
Basin is known for its high levels of ozone and other greenhouse gas emissions due to oil and gas 
extraction activity in the area and the unique topography of the basin. This environment provided 
an opportunity to investigate nitrogren cycling mechanisms and how microbial activity 
contributes to the biogeochemical cycling. Two types of sequencing were performed on the 
samples. For both the soil and snow samples, DNA and RNA genes were sequenced using 16s 
rRNA amplicon sequencing. The results indicated a high presence of ammonia oxidzing archaea 
(AOA) for the snow samples, while the soil samples contained a mixture of AOA and ammonia 
oxidzing bacteria (AOB). The sequence counts also indicated the presence of nitrite oxidizing 
bacteria (NOB) and methylobacteria (MeB). Later metatranscriptomics sequencing was 
conducted on the soil samples where over 600,000 annotated proteins were identified though 
most were only ‘hypothetically’ annotated. Only approximately 130,000 proteins were annotated 
as not hypothetical. Of those, tens of thousands of proteins were identified as ammonia 
monooxygenase/methane monooxygenase genes and hundreds of other genes related to nitrogen 
mineralization were also identified. Further, approximately 10,000 genes were annotated as a 
type of superoxide dismutase gene or precursor gene that contributes to both the consumption 
(O2

-) and formation (H2O2) of reactive oxygen species, which could be important in the nitrogen 
cycle and the formation of nitrogen dioxide (NO2) and nitrous acid (HONO). The formation of 
NO2 and HONO are of particular interest as our laboratory group also studies the emissions of 
NO2 and HONO from soil. As we continue to delve further into the microbial gene sequencing 
results, we expect novel insights into the biogeochemical cycling of nitrogen between snow and 
soil will be revealed.  
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Electron shuttling compounds control the structure and function of the 
microbial community in wetland sediment microcosms 
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 Dissimilatory metal-reducing bacteria (DMRB) inhabit sedimentary environments 
throughout the critical zone, gaining energy by coupling the oxidation of reduced organic 
compounds or H2 to the reduction of iron and other metal oxides. These oxides are poorly 
soluble at the temperature and pH ranges typical of most critical zone environments, and 
consequently many DMRB use soluble electron-shuttling compounds to aid the transfer of 
electrons to these extracellular electron acceptors. Pure culture studies suggest these electron 
shuttles enhance the overall rate of iron reduction, yet little is known about how the presence of 
these compounds affects complex native communities of microorganisms under iron-reducing 
conditions. We examined the effect quinone-based electron shuttles with different redox 
potentials have on the rate of iron reduction, the onset of methanogenesis, and the trajectory of 
microbial community development in wetland sediment microcosms amended with goethite (α-
FeOOH) and either acetate or H2. Unlike pure culture experiments, microcosms given 9,10-
anthraquinone-2-carboxylic acid (AQC) or 5-hydroxy-1,4-naphthoquinone (lawsone, NQL) 
showed no increase in the rate of iron reduction relative to control experiments with no shuttle 
(NS) added. The rate and extent of iron reduction increased significantly however in those given 
9,10-anthraquinone-2,6-disulfonate (AQDS). Methanogenesis did not begin in AQDS, NQL, or 
NS microcosms until ferrous iron production ceased and was inhibited entirely in AQC-amended 
microcosms. These AQC-amended microcosms also showed a significant divergence from the 
others in microbial community development. 16S rRNA sequences classified as Geobacteraceae 
dominated NS control microcosms (61% average abundance) as well as those amended with 
AQDS (42-65%) and NQL (62%), though distinct operational taxonomic units (OTUs) were 
abundant depending on the shuttle used. AQC microcosms were instead dominated by 
Pelobacteraceae (68% in acetate-amended) or Shewanellaceae (72% in H2-amended), while 
Geobacteraceae accounted for only 8% and 1% of the total, respectively. Furthermore, the 
addition of an electron shuttling compound substantially reduced the overally alpha diversity of 
the microbial community compared to NS controls. These results suggest both redox potential 
and electron donor determine in part the extent and mechanism of iron reduction as well as the 
identity of the DMRB carrying out this process. 
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Sulfur isotope analysis and iron speciation in Mahoney Lake, British 
Columbia, Canada 
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 Modern euxinic environments, such as Mahoney Lake, are ideal settings for studying 
redox conditions, suggested to be analogous to Precambrian aquatic environments, and 
examining sulfur (S) cycling, including a series of biochemical processes such as reduction, 
oxidation and disproportionation of inorganic S species. The previously observed high 
productivity of both phototrophic S-oxidizing and sulfate-reducing bacteria in the lake’s 
chemocline indicates an active S cycle and that reduced S can be exported to the sediments as 
pyrite and sulfurized organic matter considering its high abundance (~2.5 wt.%). Uncertainties 
regarding the pathways that produce pyrite and/or organic S compounds, lead us to analyze 
quantitatively and isotopically the different S species within the water column and the sediments, 
and quantify the reactive Fe pools available. The latter could shed light onto the unknown Fe 
influx that produces pyrite, regarding also the widespread use of pyrite as a proxy of reduced S 
sinks. 

Initially, we analyzed water column samples with respect to sulfate and sulfide 
concentrations and their S isotope composition (δ34S; V-CDT) in order to identify the redox 
chemistry of S. Extremely high levels of sulfate (>400mM) and sulfide (>30mM) were observed 
in the anoxic layer. The isotope offset between sulfate and sulfide is ~52‰ (δ34SSO4=28‰, 
δ34SH2S=-24‰), suggesting that dissimilatory sulfate reduction is the dominant process that 
fractionates S isotopes. In order to examine the sulfide pathway during diagenesis and how Fe 
availability can drive pyrite formation (syngenetic vs. diagenetic), sediment cores were 
subsampled (up to 3.2 mblf which represents ~7000 years BC). Total organic S (TOS), acid-
volatile S (AVS), and pyrite were extracted from each sample. Pyrite-S ranges from 0.1 to 0.6 
wt.%, while AVS exhibits lower concentrations (0 up to 0.2 wt.%). Stoichiometrically, Fepy and 
FeAVS range from 0.1 to 0.6 wt.% and 0.01 to 0.4 wt.% respectively.  

Ongoing research includes S isotope measurements of TOS, AVS and pyrite in order to 
give us a better picture of the S source in these pools, and Fe extraction techniques that will 
capture Fe concentrations in additional Fe forms such as Fe carbonates, Fe oxides and magnetite. 
Preliminary results indicate that the degree of sulfurization and pyritization is high (>0.8) but the 
process of Fe delivery in this small lake remains unclear. To address this issue, we will couple Fe 
distribution patterns in the sedimentary record with phosphorus (P), that might give insights into 
how P fluxes into the lake system can control Fe availability. Additionally, intermediate S 
species (i.e. elemental sulfur, polysulfides) will be analyzed in order to have a more complete 
understanding of the redox processes and whether disproportionation of these S species 
contributes to the observed S isotope fractionation. 
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Fingerprinting the sources of plant wax records in lake sediments from 
adjacent basins 

ERIKA J. FREIMUTH1*, AARON F. DIEFENDORF1, THOMAS V. LOWELL1 
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 Leaf waxes preserved in sediments have been found to record the hydrogen isotope 
composition (δD) of precipitation. Therefore, leaf wax δD has emerged as an important tool to 
investigate past hydrologic change. Such reconstructions require estimates of the δD offset 
between precipitation and leaf wax, known as apparent fractionation (εapp). However, εapp values 
are controlled by numerous factors and remain a large source of uncertainty in leaf wax 
paleohydrology. Prior studies have observes a wide range of εapp values in modern plants, both 
among growth forms and species. This complicates selection of accurate εapp values for 
sedimentary leaf waxes, which accumulate from a mixture of plant sources at a single site. 
Further, the transport of leaf waxes from source (plants) to sink (sediments) are poorly 
understood and may further influence sedimentary wax records. This project addresses these 
uncertainties by asking: How is the leaf wax δD signal produced in plants recorded in lake 
sediments? 
 
 We compared the abundance, molecular distribution and isotopic composition (δD and 
δ13C) of n-alkanes and n-alkanoic acids in bog and lake sediments with all major plant species 
growing in the catchment of Brown’s Lake Bog, Ohio, USA. Among growth forms (i.e., grass, 
shrub, tree), we found considerable differences in n-alkane concentration as well as distinct n-
alkane and n-alkanoic acid δD values. Comparing n-alkyl lipid data between plants and the 
surface sediments of the bog and adjacent lake, we found that sediment n-alkane and n-alkanoic 
acid äD more closely reflects values found in shoreline plants, despite these plants producing the 
lowest observed leaf wax concentrations. We found no significant difference in εapp values 
recorded in the sediments of the lake and bog, suggesting that processes controlling leaf wax 
integration and transport may be insensitive to basin size. Further, we found a ~20‰ offset in 
εapp values for n-alkanes and n-alkanoic acids both at the plant-level and in sediments. These 
insights into sediment bias toward shoreline vegetation identify a critical area for further 
investigation and provide a framework for more accurate interpretations of lake sediment leaf 
waxes. 
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Developing a trace element biosignature in modern and ancient silica deposits 
– implications for the search for ancient life on Mars 
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The burden of proof for confirming the existence of life outside of our planet will be 

unprecedented in scientific history. Finding extraterrestrial microorganisms (whether fossil or 
extant) would provide the most direct evidence of life. Given planetary protection concerns, we 
are more likely to sample fossil microorganisms (microfossils), but the biogenicity of even 
ancient terrestrial microfossils is debated owing to often poor preservation. Thus, in the absence 
of convincing morphology, other biosignatures are required to establish the biogenicity of 
putative ancient microfossils and other microbial structures, typically organic and/or isotope 
geochemistry. We report here our initial results and our plan to develop a novel biosignature for 
ancient terrestrial and extraterrestrial life based on trace element abundances. To do so we are 
studying modern silica-entombed microbial systems from Yellowstone National Park (YNP), a 
Mars and early Earth analog environment, as well as ancient microfossils preserved in silica.  

 
Preliminary data from modern biofilms from silica-depositing environments indicate that 

certain trace elements are preferentially enriched in biological material relative to the 
surrounding mineral matrix. We will expand this work to compare the trace element 
compositions of Precambrian microfossils and microbial mats of various levels of preservation, 
modern biofilms, and modern to recent siliceous sinter. In particular, for the modern and recent 
samples, I am focusing on sinter from Steep Cone in the Sentinel Meadows locality of YNP. This 
is a 9-m-tall active hot spring with layers of silica precipitate exposed along the sides and base of 
the cone by a stream cut. Silica-rich water flows from the spring at the top of the cone, 
preserving mats and stromatolitic structures in sinter. By analyzing samples from the outflow and 
various locations throughout the strata, I will produce a timeline to compare with the ancient 
fossil samples, and thus characterize the preservation of this biosignature in silica-rich 
environments over all time-scales. 

 
Samples of fossil and modern material are currently being imaged by optical and 

scanning electron microscopy to locate and document regions for trace element analyses. Trace 
elements will be analyzed by secondary ion mass spectrometry, which will allow us to determine 
the concentration of trace elements in each sample on a micron scale across biological structures 
and into the surrounding silica matrix. Based on the results of these analyses, future tests will be 
planned to expand our data set to include more modern and ancient microbial samples. 

 
By developing this novel biosignature and combining it with multiple techniques for 

establishing biogenicity, we can find evidence of life that is more convincing. Such techniques 
would provide invaluable tools for the search for extraterrestrial life, particularly from samples 
returned from Mars on the upcoming Mars2020 mission.  



Poster	Abstracts	

Midwest	Geobiology	Symposium	2016	|	34	

An improved online method for d34S measurements by EA-IRMS  
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 The isotopic composition of sedimentary sulfide and sulfate has provided incredible 
insights into the evolution of atmospheric oxygen over long geologic time scales, and state 
changes in water column redox conditions during OAEs.  However, bulk isotope measurements 
conducted on outcrop samples, sediments, and aqueous samples require researchers to scale their 
sampling volume for the initial sulfur phase extraction (e.g. sulfides or sulfates), and then 
optimize yields of the purified sulfur phase (precipitated as silver sulfide or barium sulfate) for 
isotopic analysis. Reducing the amount of sample needed for the isotope ratio mass spectrometer 
(IRMS) could enhance data resolution, and more data would improve interpretations of secular 
changes in isotope composition as well as in modern systems such as water columns, pore 
waters, and microbial mats.  
 
 Continuous flow applications that use elemental analyzers (EA) to combust the sample 
into CO2, N2, or SO2 gas and then transfer the separated gases into the IRMS by helium carrier 
have become the main method for bulk isotopic analysis (e.g. Fry 2007). We present a modified 
EA-IRMS method that highly improves isotopic sensitivity and precision for N, C and S 
isotopes. The modifications significantly shorten analysis time and enable precise N, C, and S 
isotope analysis on a single sample. Our results demonstrate that N, C, and S isotope analysis can 
be done on a single sample using the single combustion reactor set up in the EA.  
 
 For this presentation, we focus on the improvements for δ34S analysis. Peak broadening 
of SO2 gas is a common issue with EA-IRMS that affects isotopic precision and creates memory 
effects. Our optimized EA-IRMS system greatly improves SO2 peak shapes, resulting in higher 
precision δ34S values than current practice. In comparison to traditional EA, we observe a 
notable increase in sulfur sensitivity. For example, previous analyses would typically require 
0.45 mg silver sulfide to produce a ~2V signal, however, with our new method, a 0.125 mg silver 
sulfide sample produces a peak height of 0.8V. This equates to a 40% increase in sensitivity for 
sulfur analyses.  Overall, the precision on δ15N is better than 0.1‰ for a sample size range of 20 
to 250 µg N; the precision of δ13C is better than 0.1‰ for 100 to 4000 µg C; and, the precision 
for δ34S is better than 0.2‰ for 59 to 111 µg S. Further, we have successfully extended this 
approach and measured δ34S on trace amounts of sulfur (5 µg S). 
 
 This novel approach offers a greatly improved method for δ34S analysis of low-yield 
sulfur. In addition to recent and ancient sediments, there are many other applications that will 
benefit from this development such as measuring δ34S of organic samples for food-web studies, 
or sulfur in materials such as shells/fossils, collagen, microbial cultures, and tree-rings. 
 
References 
Fry, B. (2007). Coupled N, C and S stable isotope measurements using a dual-column gas 
chromatography system. Rapid Communications in Mass Spectrometry, 21(5), 750–756.  
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Seasonality-driven succession in a low-oxygen benthic cyanobacterial mat  
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 Cyanobacteria are key primary producers in terrestrial aquatic and marine ecosystems. 
Light availability is an important factor structuring cyanobacterial communities, with some 
ecological types capable of thriving and conducting photosynthesis at lower light levels than 
others. Light intensity also may influence the balance of oxygen production in cyanobacterial 
communities capable of anoxygenic photosynthesis (AP) using sulfide (H2S). In this study, we 
evaluated the seasonal community structure of a cyanobacterial mat in Middle Island Sinkhole, a 
modern O2-poor aquatic environment in Lake Huron, Michigan that experiences sulfide from 
sediment sulfate-reducing bacteria. We sequenced the bacterial 16S rRNA genes of 
cyanobacterial mat samples collected over multiple years from May to October, with 
measurements of their physicochemical environment (temperature, dissolved oxygen, specific 
conductivity, light regime). Temperature and specific conductivity are relatively stable due to the 
constant influx of chemically-distinct groundwater from below the sinkhole, with predictable 
variation due to seasonal and storm-driven mixing. Light regime changes substantially in the 
sinkhole environment, such that light intensity in autumn is 10% or lower than that of summer. 
Diversity in the MIS cyanobacterial mat is low, with one cyanobacterial type (Phormidium) 
abundant at all times and especially dominant in early summer when light levels are highest. 
However, other cyanobacterial groups such as those belonging to Planktothrix are more 
abundant in the in late summer and fall, when light intensity is relatively low. Laboratory and in 
situ manipulations of light levels will test light-induced shifts in community structure. 
Metagenomic data suggest that these cyanobacterial groups have different responses to sulfide 
exposure, to be evaluated via e.g. microsensors and protein expression. These insights stress the 
importance of light quantity in structuring benthic cyanobacterial mat communities, and suggest 
conditions and mechanisms by which light availability can affect the balance of oxygenic and 
anoxygenic photosynthesis in cyanobacteria. 
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Understanding the Molecular Mechanism of Ferrous Iron oxidation and 
Extracellular Electron Uptake in Rhodopseudomonas palustris TIE-1 
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Almost all biological systems depend on oxidation-reduction reactions for energy 
generation and these processes are directly or indirectly associated with both matter and energy 
flow in the biosphere. Microbes play a very important role in the biogeochemical cycling of all 
elements on Earth because of the immense metabolic diversity they demonstrate. For instance, 
some microbes have evolved to use extracellular electron donors or acceptors of both soluble and 
solid nature by a process called extracellular electron transfer (EET).  The biogeochemical 
cycling of iron, the fourth most abundant element on Earth, involves two groups of microbes 
collectively known as iron oxidizers and iron reducers. Representatives from both of these 
groups of microbes are known to contain cytochrome c type multi-heme proteins that are directly 
involved in iron-oxidation and reduction. Although the molecular mechanism of EET for iron 
reduction is well characterized, very little is known about the molecular mechanism of iron 
oxidation and extracellular electron uptake. Our study aims to determine the molecular 
mechanism of iron-oxidation and extracellular electron uptake in Rhodopseudomonas palustris 
TIE-1. This is because genetic evidence suggests that a multi-heme cytochrome c protein system, 
analogous to those that are found in iron reducers, is important for these two processes in TIE-1. 
This protein system is encoded by the pioABC operon, with the ORFs predicted to be PioA, a 
cytochrome c type decaheme protein; PioB, a beta-barrel membrane protein; and PioC, a high 
potential iron-sulfur protein (HiPIP). For functional characterization of these proteins we have 
over-produced them in the heterologous host, E. coli. We have successfully purified heme-
attached PioA protein that will be used for antibody production and structure elucidation. Future 
work will include further biochemical characterization of PioA and determining whether it 
interacts with the other proteins PioB and PioC. This work will help us understand the molecular 
mechanism of iron-oxidation and extracellular electron uptake in R. palustris TIE-1. The 
PioAB(C) proteins occur in a number of proteobacteria and our work will also attempt to draw 
biochemical and functional parallels between TIE-1 and these organisms. We will establish 
whether these proteins can be used as molecular markers for iron oxidation and extracellular 
electron uptake in microbes from other natural environments.  
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A new function for an old enzyme: the role of RuBisCO in redox balance 
MICHAEL GUZMAN1*, ARPITA BOSE2 
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Photoautotrophic organisms perform a critical series of reactions that couple sunlight, 

electrons, and atmospheric CO2 (carbon) to generate virtually all of the biomass that supports 
life. These include land plants, but also microbes such as algae, cyanobacteria, and anoxygenic 
photosynthetic bacteria. While the mechanistic details of photosynthesis and carbon fixation 
diverge in these organisms, the enzyme ribulose bisphosphate carboxylase/oxygenase 
(RuBisCO) is well conserved. RuBisCO catalyzes the critical carbon fixation reaction in the 
Calvin-Benson-Bassham (Calvin) cycle, the most prevalent carbon fixation pathway in 
autotrophic organisms. It is generally accepted that the primary role of RuBisCO is to provide 
reduced carbon to the Calvin cycle to support autotrophic growth. Entirely overlooked, until very 
recently, is that RuBisCO can have activity independent of its role in autotrophy in a group of 
anoxygenic phototrophs called purple nonsulfur bacteria (PNSB). In PNSB RuBisCO plays a 
critical role in maintaining redox balance when cells grow phototrophically on reduced carbon 
substrates under anaerobic conditions (photoheterotrophy). Carbon fixation via RuBisCO is 
required during photoheterotrophic growth as an electron sink to maintain energy and redox 
balance. This discovery extended the significance of RuBisCO in metabolism, but also showed 
that it has activity independent of biomass production.  

 
An overlooked aspect of our understanding of the role of RuBisCO PNSB biology is how 

it performs this dual function during autotrophic metabolism. Deciphering this would expand the 
redox balancing function of RuBisCO to all anoxygenic organisms that use the Calvin cycle for 
carbon fixation. Our laboratory made the observation that RuBisCO may be acting as an electron 
sink during oxidative extracellular electron transfer (EET) in the PNSB Rhodopseudomonas 
palustris TIE-1. This is potentially the first observation of RuBisCO acting as an electron sink 
under an autotrophic condition. This metabolism has tremendous ecological significance 
becauase it allows microbes to access solid-phase electron donors, such as Fe(II), that are 
inaccessible to all other forms of life. Furthermore, oxidative EET has recently generated 
biotechnological interest because it offers a direct route for microbial electrosynthesis. To probe 
the physiology of redox balance during oxidative EET we have generated a conditional ruBisCO 
knockout system in TIE-1. Using this system, we have shown that the requirement for RuBisCO 
in photoheterotrophic metabolism extends to TIE-1. Furthermore, our conditional system is 
tightly regulatable, allowing us to test our hypothesis that RuBisCO has redox-balancing activity 
in autotrophic metabolism. Preliminary data suggests RuBisCO is tightly coupled to oxidative 
EET, such that it is directly required to recycle reduced cofactors for the cell. This work will not 
only extend our understanding of the physiology role of carbon fixation in TIE-1 and other 
autotrophs, but has broad implications for how we interpret carbon flow in freshwater and 
marine systems. 
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Geochemical Analysis of the West Franklin Limestone Formation in Southern 
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 During the middle Pennsylvanian (~300 Ma) southern Indiana was a tropical inland, 
(epeiric) sea characterized by repeated fluctuations in sea-level, due to glaciation in Gondwana.  
The West Franklin formation is a double-bedded limestone consisting of lower and upper layers 
of limestone separated by thinly laminated shale.  Often only one limestone member is present, 
due either from a lack of deposition or from erosion.  The formation is continuous from the 
southwestern portion of Indiana into Illinois and Kentucky.  Uniquely, the West Franklin 
limestone is rich with pyrite.  Pyrite accumulation in shale is controlled by sulfate availability, 
reactive iron delivery, and quantity of organic matter, it remains to be demonstrated whether the 
pyrites formed contemporaneously or during diagenesis after burial. 

We are using reactive iron, pyrite concentrations, and sulfur isotopes as 
paleoenvironmental proxies to interpret change in redox and other environmental factors.   Using 
data from pyrite extraction, sulfur concentration can be used in conjunction with reactive iron 
totals as a proxy for determining freshwater or marine dominated system environments.  XRD 
data gives an insight into the mineral composition and shows that there was a change is 
environmental factors that shifted the system overtime between producing carbonates and shales.  
Sequential iron extractions can determine mineral speciation of Fe, to show how much iron is 
retained in the sediment as sulfides, oxides, and carbonates.  In addition, highly reactive iron and 
total iron ratios (FeHR/FeT) is an indication of oxic, anoxic, or euxinic (anoxic and sulfidic) 
conditions.    
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Measuring molybdenum speciation in natural sulfidic waters 
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 Molybdenum (Mo) concentration and isotopic signature has successfully been used a 
paleo-redox proxy to explore the early Earth’s oxygenation. In oxygenated waters, Mo is thought 
to be present as molybdate (MoO4

2-) although new insights suggest a possible complexation with 
dissolved organic matter. Furthermore, while in the presence of sulfide, O atoms can be replaced 
by S atoms forming thiomolybdate species (MoO4-xSx

2- ). Thiomolybdates are contrasted in their 
geochemical properties compared to the incipient oxyanions. It is therefore important to 
determine Mo speciation across chemoclines (e.g. the transition from oxic to sulfidic waters) to 
understand the potential chemical reactivity of thiomolybdates. Although, thermodynamic data 
have been used to predict the speciation of thiomolybdates within sulfidic waters, predictions 
often remain unsubstantiated because effective methodologies for quantifying thiomolybdates 
have yet to be developed. Anion exchange chromatography (AEC) coupled with inductively 
coupled plasma mass spectrometry (ICP-MS) has been used to separate and quantify 
thiometalates of As and Sb in sulfidic waters. Unfortunately, AEC methods are incapable of 
separating the thiomolybdates due to their long retention times. However, new developments in 
reverse phase ion pair chromatography (RP-IPC) have greatly diminished retention times. Our 
research has developed RP-IPC methods that are capable of separating all stable thiomolybdates 
within 1 hour. Currently, we are developing a RP-IPC-ICP-MS method to quantify Mo 
speciation in natural sulfidic waters. In addition, our future research is aimed at investigating a 
potential fractionation among Mo isotopes during speciation using RP-IPC and multi-collector 
ICP-MS analysis. 
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Masking the evidence of dynamic redox gradients in modern marine 
sedimentary records 
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 Dynamic exchange exists across geochemical gradients in natural systems, involving 
competition and feedback between abiotic and microbial redox reactions. One such gradient in 
the sulfur cycle can be found at shallow marine hydrothermal vent system off the coast of Milos, 
Greece, where the source of sulfide in the system shifts from abiotic to microbial with distance 
away from the vent. A spatial transect from the vent center through the transition to seagrass 
stands and beyond to sediments not influenced by hydrothermal activity was sampled for sulfur 
isotopic composition using a variety of time-averaged techniques. Porewater was extracted from 
sediment cores through rhizons and preserved in the field for sulfide isotopic analysis and 
represents a depth profile at a single moment in time. In situ sulfide films were exposed in the 
sediments for 4-16 hours and represent a time-averaged depth profile on the hourly timescale. 
Core sediments were sectioned and extracted with several methods to distinguish different 
populations of partially reduced sulfur mineral phases that record longer time-averaged depth 
profiles and ultimately are incorporated into the rock record. Differences in the d34S depth 
profiles between these different sample populations can help us understand how the 
biogeochemical signatures of microbial processes in marine sediments are preserved in the 
mineral record across complex gradients in modern marine environments. 
 

Porewater d34S of sulfate and sulfide will vary hourly and, on the days sampled at Milos, 
suggest the greatest microbial sulfate reduction (MSR) occurs in the transition zone between the 
vent area and the surrounding seagrass stands. Evidence from the d34SSO4 suggests measurable 
sulfide oxidation takes place in the vent area. In contrast, the total chromium-reducible sulfur 
(CRS) in the sediments indicates relatively robust patterns of isotopically depleted sulfur 
(d34SCRS from -2 to -11‰) all along the transect, even into unaffected sediments. This 
discrepancy is partially explained by the in situ sulfide film record that preserved variable 
d34SH2S depth profiles on different days, ranging from MSR influenced depleted values to values 
identical to the hydrothermal sulfide vent gas (+2‰) in both the vent and transition areas. Sulfide 
in porewater samples and in sulfide films was too low to quantify in the seagrass stand and 
background sediments, although CRS yields were just as high in the seagrass stand as in the 
hydrothermally altered sediments and lower but still measurable in the background sediments. 
These results suggest that the mineral record in sediments can be sufficiently smoothed to erase 
the record of steep chemical gradients and the affects of hydrothermal activity. Smoothing can 
occur both through physical reworking of sediments, which would be dampened beneath 
stabilizing seagrass stands, and averaging over the time needed to concentrate stable sulfide 
minerals but weighted towards capturing only those moments when sulfide concentrations are 
high enough (e.g., due to MSR) to reach supersaturation.  



Poster	Abstracts	

Midwest	Geobiology	Symposium	2016	|	41	

Sulfur speciation and gradients in mats from a dynamic sulfidic sinkhole, 
Middle Island, Lake Huron, MI. 
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Middle Island Sinkhole is a sulfidic system characterized by flowing sulfidic 

groundwater discharging into the sediment of a ~75 foot deep sinkhole in Lake Huron, Michigan.  
The system supports a community of sulfur-metabolizing chemo- and photo-trophic 
microrganisms forming complex mat structures that change over time. We deplopyed an 
underwater in-situ electrochemical analyzer (DLK-ISEA, Analytical Instrument Systems Inc.) to 
measure the sulfur speciation changes occuring at multiple electodes over 24 hour periods.  Au-
amalgam microelectrodes with 100 micron working electrode surfaces analyze sulfur species 
including H2S, Sx

2-, S8, S2O3
2-, and HSO3

- over small spatial scales in a matter of seconds.   
 
 Electrodes placed on white PVC spikes (see Figure 1) were placed by SCUBA divers at -
1, 0, and +1 mm across the visible mats in the MIS system.  The gradients of sulfide across these 
mats are significant and highly variable depending on position (including mat morphology) and 
time of day through a diel cycle.  Sulfur speciation across these gradients was also highly 
variable, with observed elemental sulfur, polysulfide, and sulfide, but minimal thiosulfate or 
bisulfite.  Additoinally we measured profiles across the water column, through the mats, and into 
sediments in freshly collected mesocosms where light conditions could be manipulated.  Again, 
strong gradients and sulfur speciation centered on elemental sulfur, polysulfide, and sulfide 
chemistry was observed to change markedly based on light conditions.  
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Investigating the Effects of Fe(III) Inputs into Methanogenic Environments 
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 As surface temperatures on Earth continue to rise, the biogeochemical processes that 
generate and sequester greenhouse gases (GHGs) must be investigated in order to understand the 
underlying mechanisms causing climate change. Although methane (CH4) has a shorter 
atmospheric residence time than carbon dioxide, it is still a particularly potent GHG due to its 
substantially greater warming potential [1]. Wetland ecosystems are of particular importance, as 
they are estimated to emit nearly 30% of global methane annually [1]. Within these dynamic 
environments, hydrogenotrophic and acetoclastic methanogenesis are the primary sources of 
methane, although their activity is controlled at least partly by environmental fluctuations as well 
as competition from other microorganisms. 
 

Ferric iron (Fe(III)) oxide minerals are abundant in many wetland environments, as are 
dissimilatory iron-reducting bacteria (DIRB) that respire using Fe(III) oxides as terminal electron 
acceptors. Though DIRB are widespread in areas where methanogenesis occurs, our 
understanding of how they and methanogens interact and compete for resources remains 
incomplete. We promoted the growth of acetoclastic methanogens by amending wetland 
sediment microcosms with acetate (10 mM), then measured their response to the addition of 
three Fe(III) minerals: ferrihydrite (FeH), lepidocrite (Lep), and goethite (Goe). Our results 
demonstrate varying responses of Fe(III) reduction, with the most reduction occuring in the FeH 
microcosms (~15 mM total Fe(II) produced) compared to ~7.5 mM Fe(II) in Lep and ~2.5 mM 
in Goe microcosms. Interestingly, experimental systems amended with ferrihydrite and 
lepidocrocite also showed significant and immediate inhibition of methane production although 
acetoclastic methanogenesis remained thermodynamically favorable. These results suggest that 
other mechanisms apart from thermodynamic exclusion and kinetic controls impact 
methanogenesis in the presence of active microbial iron cycling. 

 
[1] Ciais P et al. (2013) in Climate Change 2013: The Physical Science Basis, Chap. 6, p. 465 
570. 
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Polysulfides Reactivity and their Impact on Sulfur Biogeochemistry  
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 Polysulfides are intermediate sulfur species of chain-like sulfur molecules (Sn

2-) that 
include two sulfidic end sulfurs that encapsulate zero valent sulfur core molecules. The 
nucleophilic reaction of elemental sulfur with sulfide (as H2S or HS-, reaction 1), is a key process 
in the formation and decomposition of polysulfides:  

 
  (1) 

 
This reaction can lead to the formation of polysulfides (forward direction), or disproportionation 
of polysulfides to form S8-rings (reverse direction) that quickly coarsen to sulfur nanoparticles 
(S8nano). The surface area of elemental sulfur particles, as well as the presence of surfactant 
coatings on S8nano, influences the formation kinetics of polysulfides.  
 
 We employ an array of molecular methods in order to investigate S8nano coarsening 
processes and nucleophilic dissolution (reaction 1), incorporating electrochemical, 
chromatographic, spectrophotometric and spectroscopic techniques. The experimental data show 
that the kinetics of the reaction are influenced significantly by the surface area of the 
nanoparticles, the amount of the electron nucleophile (HS-), as well as the surface character of 
elemental sulfur (organic surfactant coating).  

 
 Observed sulfur speciation in Yellowstone National Park thermal areas indicates the 
formation and consumption of polysulfides (forward and reverse reaction 1), to be a key control 
on the bioavailability of sulfur species in solution [1]. As polysulfides form during the 
nucleophilic dissolution of a-S8 (bulk sulfur), when acidified they decompose to S8aq and 
eventually S8nano, both being highly bioavailable forms of elemental sulfur. In addition to S8aq, 
polysulfides can also be incorporated by sulfur metabolizing microbes, as dissolved sulfur 
species. In summary, the nucleophilic reaction 1 appears to be a key abiotic pathway for the 
cycling of reduced sulfur species and the enhancement of sulfur species bioavailability.  
 
1. Boyd and Druschel (2013) Appl. Environ. Microbiol. 79(6) 2061-2068 
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A Novel Method to Reduce and Quantify Elemental Sulfur 
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 The concentration of elemental sulfur in modern and ancient geologic systems can reveal 
the biogeochemical conditions at the time of deposition. Such measurements can be made from 
extracting the sulfur from sediment or water samples and quantifying the sulfur at each depth as 
sulfide. Elemental sulfur concentations can themselves be analyzed using HPLC and other 
complex medologies; however, the preparation and analysis times can be long and these 
instruments often require sufficient maintenance. Current reduction methods involve the use of 
costly and specialized glassware in addition to toxins such as chromium chloride or cyanide to 
reduce the sulfur to sulfide for concentration measurements as well as d34S isotope studies. Our 
new reduction method uses dithiothreitol (DTT) as a mild reducing agent to obtain both sulfide 
concentrations and isotopic signatures. The sample is dissolved in a liquid medium and upon 
reaction with DTT, the elemental sulfur is volatalized as sulfide and collected in a basic trap 
using a gas extraction apparatus. The evoloved sulfide concentrations can easily be measured 
using a field absorbance spectrometer or voltammetry techniques. Using the field spectrometer, 
sulfide quantification has a wide range from 5 µM to 100 µM, with sulfide detection by the 
instrument even lower at 1 µM. We scaled the method to 10 ml reaction vessels that fit a 36-
position block heater, thus many samples can be extracted simultaneously. The procedure is 
quantitative at >95% recovery, and highly specific to elemental sulfur. Multiple extractions 
demonstrate that the method does not extract pyrite, FeS, or sulfate. We demonstrate the utility 
of our new extraction procedure on environmental samples with elemental sulfur concentration 
profiles of modern lacustrine sediments collected from a lake in Minnesota.  
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A proposal for studying drivers of microbial community composition in 
chemically diverse Namib Desert springs 
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 The Namib Desert in southern Africa has been extensively studied as a Mars analogue in 
microbiological and geological research because of its hyperaridity (mean annual rainfall <25 
mm), nutrient poor soils, and wind-driven geomorphology.  Although a vast majority of 
microbiological research in the region has focused on plant-associated microbes and 
endo/hypoliths associated with quartz stones, the region also harbors a groundwater system that 
has been far less studied. 
 
 The Etendeka Plateau in the northwestern Namib Desert is a 78,000 km2 basaltic region 
formed during the breakup of Gondwanaland ~135 mya and is covered with a series of fresh to 
hypersaline groundwater springs.  We analyzed about 40 springs sampled three times in 2012-
2014 for major anion and elemental concentrations as well as 2H, 3H, and 18O isotopes to 
characterize the basic geochemistry of the region.  The springs show neutral to mildly basic pH 
(7.13-9.45), highly variable conductivity (0.95—71.9 mS/cm), high concentrations of many rare 
earth elements, and no detectable tritium (3H) in 24 of 38 springs, suggesting an average 
residence time of longer than 50 years.  Hierarchical cluster analysis reveals that springs fall into 
distinct chemical clusters corresponding to salinity level and geography. 
 
 However, despite fairly extensive geological and geochemical surveys as well as the 
presence of multi-colored microbial mat assemblages at several springs, there has been no 
published description of the geomicrobiology of this system to date.  We propose to use non-
intrusive sampling of groundwater discharge from springs in the Namib Desert to characterize 
the microbial ecology and drivers of community assembly in this diverse groundwater system.  
Sampling will involve metagenomic sequencing of bacteria and archaea, plate-based culturing 
techniques, and microscopy-based cell counts.  Culturing methods will allow us to use trait-
based approaches to identify physiological tolerances of organisms isolated from the waters and 
provide an additional means of measuring diversity.  Exploratory correlation and cluster analysis 
of microbial community, geochemical, and geospatial data will enable us to identify potential 
factors that drive community composition in this chemically diverse, subsurface ecosystem. 
 
 Results from this study will expand our knowledge of the basic drivers of microbial 
community assembly in general and help us identify specific characteristics of groundwater 
systems that are likely to harbor certain microbes, aiding in further geomicrobiological 
exploration on Earth and elsewhere. 
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Methylamine metabolism provides substrate for methanogenesis in 
hydraulically fractured shales 
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Hydraulic fracturing significantly alters the physical environment in deep shales, yet little 
is known about the impacts on subsurface biogeochemistry. We used metagenomic, NMR 
metabolite, and cultivation methods to investigate microbial metabolisms in produced fluids 
collected from a hydraulically fractured well in the Utica shale formation. Salinity increased 
from freshwater to brine (TDS >150 g/L) over time, thus constraining microbial life. To adapt to 
increasing salinity, microbial genomes encode multiple mechanisms for the transport and 
synthesis of the osmoprotectant glycine betaine (GB). Microbial de novo GB synthesis is 
supported by fluid metabolite analyses, where GB concentrations corresponded to salinity. 
Halanaerobium, a member of the Firmicutes, has the capacity to ferment GB, yielding 
trimethylamine and acetate as products. Trimethylamine subsequently supports methylotrophic 
methanogenesis by Methanohalophilus, a microorganism that co-occurs across all hydraulically 
fractured shale formations sampled to date. Our metagenomic inferences were validated by an 
enrichment culture from Utica produced fluids, where GB amendment yielded increased methane 
production (6.5 times more methane per day) relative to unamended controls, as well as 
increased trimethylamine and acetate concentrations. Consistent with our earlier metagenomic 
data, this enrichment was dominated by Methanohalophilus (70%) and two Halanaerobium 
genomes (21%) that encoded a GB reductase system, which catalyzes TMA production from 
GB. Isolation of Methanohalophilus from this enrichment provides further insight into the 
mechanisms employed to cope with high salinities and the potential for production of biogenic 
methane. Together, our results show the response to high salinity supports a rock-hosted, 
methylamine-driven ecosystem in the deep biosphere after hydraulic fracturing. 
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Microbiological and genomic analysis of a terrestrial subsurface Fe(II)-silicate 
based lithotrophic microbial community 
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 The Earth’s crust is dominantly composed of silicate rock, many of which contain ferrous 
iron [Fe(II)] that constitutes a vast energy reservoir for microorganisms both in near-surface and 
deep subsurface environments. It is postulated that the subsurface microbial biosphere constitutes 
a considerable portion of Earth’s biomass, both in terms of total cells and carbon content(1). 
Active subsurface communities have been shown to exist deep beneath the seafloor as well in the 
deepest reaches of the continental crust. In such environments lithotrophic metabolisms 
including the oxidation of Fe(II) are thought to be of crucial importance, potentially serving as 
the primary producers supporting subsurface heterotrophic communities and exerting influence 
on the flux of nutrients from the weathering primary silicate minerals. While much attention has 
been paid to the activity of lithotrophic Fe(II) oxidizing bacteria (FeOB) in the alteration of 
oceanic crust, fewer studies have attempted to address the role of lithotrophic FeOB in the 
weathering of the continental lithosphere and the underlying biochemical mechanism of solid 
phase Fe(II) oxidation remains enigmatic. 
  
 The Rio Icacos watershed of the Luquillo Mountains, Puerto Rico is characterized by the 
highest documented granitic weathering fluxes in the world and strong geochemical and 
microbiological data support the existence of a robust lithotrophic community at depth (2), 
making Luquillo an excellent target for further investigation. Recent work has also demonstrated 
the ability of FeOB to grow via oxidation of structural Fe(II) in biotite and suggests a direct 
enzymatic attack on the mineral surface (3).We thus hypothesize that through direct enzymatic 
attack, FeOB play an active role in the conversion of rock to regolith. Forthcoming metagenomic 
analysis of in situ microbial communities will allow for the assessment of the metabolic capacity 
of endogenous organisms and laboratory studies utilizing both mineralogical and microbiological 
approaches will provide novel insight into the mechanism of solid phase Fe(II) based lithotrophy, 
with implications for life not only on Earth, but other rocky planets including Mars. 
  
  
 
 
Buss, H. L., Bruns, M. A., Schultz, M. J., Moore, J., Mather, C. F., & Brantley, S. L. (2005). The 
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Microbial lithotrophic oxidation of structural Fe(II) in biotite. Applied and Environmental 
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 Organic matter and elemental sulfur are important early diagenetic sinks for reduced and 
partially oxidized sulfur in the environment. Changes in the relative abundances of inorganic, 
organic, and elemental sulfur can be used to infer the redox conditions of past benthic 
environments and interpret past porewater conditions. Relative to the long standing proxies and 
interpretive framework developed for pyrite formation and deposition, studies concerning the 
intricacies of the organic sulfur record are limited. Among the major obstacles in the 
interpretation of the organic sulfur record are uncertainties regarding the timing and pathway(s) 
of formation of individual organic sulfur compounds and the extent to which organic sulfur 
isotope compositions, both bulk and molecular, record primary depositional conditions or are 
diagenetically overprinted. To address such uncertainties we present our preliminary bulk and 
compound specific organic sulfur isotope results on samples collected from the sediments of 
Mahoney Lake, British Colombia, Canada. With extremely high dissolved H2S concentrations, 
high productivity of labile organic matter in the bacterial community at the chemocline and a 
depleted Fe reservoir (as evidenced by low concentrations of Fe-S phases and low total Fe 
content), Mahoney Lake is an ideal setting for the production and burial of abundant organic 
sulfur. 
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The Indian summer monsoon (ISM) is the primary source of precipitation to the of 
Nyainqêntanglha mountain range in the eastern Tibetan Plateau. Predicting variability in the ISM 
is limited when reliant on modern monitoring and as such paleoclimate records are needed to 
expand these records to assess long-term variability. This ongoing study is using sediment cores 
and surface sediments across a transect of eastern Tibetan lakes to assess paleo precipitation and 
lake levels. Traditional proxies for precipitation and lake level depend on sedimentology, but 
new techniques are utilizing biological artifacts. We describe the usefulness of one such artifact, 
terrestrial leaf waxes, in inferring precipitation sources. Isotope records from Nir’Pa Co, a high 
elevation lake in Eastern Tibet show high variability in precipitation during the early to mid-
Holocene. These records when compared with other sites impacted by the ISM show similar 
forcing. Further analysis of this and other regional lakes will provide higher-resolution multi-
proxy records that provide a more spatial analysis of ISM precipitation throughout the Holocene. 
These records have the potential to assist with developing and constraining climate models that 
assess how the ISM will be impacted by future changing climate. 
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 Sedimentary organic sulfur (OS) is rarely considered in global biogeochemical models, 
which traditionally assume that reduced S is effectively buried as pyrite. In reality, however, OS 
commonly preserves a different S-isotope composition than pyrite and likely has different roles 
in the sedimentary environment. Polysulfides are likely precursors of abiogenic OS in O2-limited 
environments and may also facilitate S isotope exchange between sulfide and OS. We investigate 
the reactions of OS with sulfide and polysulfides by exposing OS-rich sediments, cysteine, and 
low-molecular-weight (di)sulfide compounds to 34S-labelled sulfide–polysulfide solutions. Over 
the course of such an incubation, organic S from Santa Barbara Basin sediments became 
increasingly 34S-rich as abiogenic OS accumulated over several weeks. Concurrently, the S-
isotope composition of the remaining dissolved sulfide evoloved toward that of the total OS. We 
explored whether equilibrium exchange reactions could be the cause of this observation by 
incubating OS standards with polysulfide solutions. The δ34S values of cysteine, cystine (the 
disulfide cysteine dimer), and a di-alkyl sulfide were unchanged by incubation with 34S-labeled 
polysulfides, indicating that these structures are not exchangeable. Freshly formed polysulfides 
remain one possible candidate for a component of the natural OS that may exchange with 
dissolved S, as is implied by the small ä34S difference between these pools.  
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 Marine carbonates are frequently utilized to reconstruct the geologic past as they are 
generally accepted to retain geochemical signatures relating to biogeochemical processes and the 
composition of ancient oceans. These geochemical signals may, however, be misrepresented in 
traditional bulk geochemical methods as a result of numerous local processes occurring during 
deposition, lithification and diagensis, that all variably alter primary signals. Carbonate 
associated sulfate (CAS) is a geochemical proxy in which seawater sulfate is incorporated into a 
carbonate crystal lattice, a process that is broadly understood to lack significant isotopic 
fractionation, thus providing a proxy for the sulfur isotope composition of ancient seawater. 
Despite its wide use in research, the exact source and incorporation mechanisms of the sulfate 
into carbonate (including different forms of carbonate, such as aragonite or calcite, or, the 
‘phase’ here defined as cement, mud or fossil) still remains ambiguous. To discern the µ-scale 
variability in sulfate concentration and isotopic composition between phases, both within and 
between different lithofacies, a combination of petrography, high-resolution x-ray absorption 
spectromicroscopy (both x-ray fluorescence, XRF, mapping and x-ray absorption near edge 
spectroscopy, XANES) and secondary ion mass spectrometry (SIMS) are adopted herein.  
  
The well-documented Anticosti Island carbonate ramp spans the end-Ordovician mass extinction 
(~444 Ma) and records a major carbon cycle perturbation, is compared to the early Silurian 
carbonate strata on the island of Gotland, Sweden. XRF mapping reveals spatial heterogeniety in 
sulfate concentration within and between individual phases of the same lithofacies, as well as 
differences in concentration between the same phases (e.g. fossils) across changing lithofacies. 
Similarly, δ34SCAS obtained from SIMS shows up to 10‰ variation within distinct fossils and up 
to 12‰ between neighboring fossils in the same sample. XRF and XANES recognised sulfate 
bound inorganically (in low-Mg and high-Mg calcite) and organic sulfur in thiols, sulfoxides and 
esters.  This will allow differentiation between sulfate sources, from primary seawater to 
diagenesis, including meteoric and basinal brine fluid interactions. Combining petrographic 
results can resolve relative timing, nature and extent of diagenesis. In order to utilize CAS to its 
greatest potential as a seawater proxy, it is essential to distinguish all of the potential factors 
controlling its final composition.  
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 Near Alpena, Michigan, the Middle Island Sinkhole (MIS) sits below 23 m of water in 
Lake Huron. The waters flowing into the MIS are low in oxygen and high in sulfate, 
distinguishing them from Lake Huron waters, and enabling the growth of metabolically flexible 
microbial mats. While the biology of these microbial mats have been studied, little is known 
about the underlying sediment. Sediment cores throughout the sinkhole and at a Lake Huron 
control site were analyzed for organic carbon and nitrogen content, organic δ13C, and trace 
metals. Sinkhole sediments have a greater accumulation of organic carbon, nitrogen, and trace 
metals than the Lake Huron sediments. However, organic δ13C demonstrates that the carbon 
buried within MIS and Lake Huron sediments comes from the same source—lacustrine 
phytoplankton—and that the microbial mats are not buried in the MIS sediments. Given that both 
locales bury the same form of carbon, the increased organic matter and trace metal burial in MIS 
must be controlled by differences in redox; iron speciation was used explore this further. Iron 
speciation— extractions of the different highly reactive pools of iron—has been used primarily 
in sulfur-rich marine ecosystems. Measuring iron on the MIS sediments was used to define the 
redox chemistry at MIS, and test the applicability of iron speciation to freshwater systems. 
Results of this technique suggest that MIS is ferruginous, while Lake Huron is oxic, thus 
providing a mechanism for high-nutrient burial in MIS sediments. 
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 The terrestrial subsurface is estimated to be the largest global reservoir of bacterial and 
archaeal biomass, but few studies have been performed in this environment due to technical 
challenges and costs associated with sample recovery. This study seeks to characterize the 
diversity and distribution of microbial life in the Marcellus shale formation and their associated 
interfaces within the Appalachian Basin, and to investigate the potential impact of these 
organisms on hydrocarbon reservoirs and extraction techniques. Pristine sidewall cores from the 
Marcellus shale and associated formations were collected as part of the Marcellus Shale Energy 
and Environment Laboratory (MSEEL) research effort. We decontaminated the outer surfaces of 
the cores and used the resulting ground material to inoculate a variety of cultivation experiments. 
These assays, operated under atmospheric and high-pressure conditions, were designed to enrich 
for metabolisms potentially occurring in deep subsurface shale. Due to the low biomass within 
these formations, single-cell genomics are being utilized to characterize the cultivated 
microorganisms from pristine shale. Through previous preliminary experimentation with a 
Halanaerobium isolate obtained from hydraulic fracturing produced fluids, we have optimized 
methods for desorbing biomass from shale surfaces. Microbial populations enriched in the 
presence of sulfate and methylamines in pristine shales have been submitted for single cell 
genomic analyses. Future tasks include quantification and sorting of the shale derived cells using 
flow cytometry, followed by genomic DNA sequencing from individual cells. Data from these 
investigations will reveal adaptations and new metabolisms of these indigenous organisms 
persisting in this extreme shale environment. This study is the first of its kind to investigate the 
role of indigenous microbial life in the Appalachian basin, and will provide insight into the role 
of deep subsurface organisms and how they may influence hydrocarbon extraction techniques. 
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 Microbial mats, multilayered sheets of microorganisms often found in extreme 
environments, are increasingly gaining attention for their influence on the global carbon cycle 
and utility as proxies for early life on Earth. However, understanding the complex ecology of 
microbial mats and how it varies across environmental gradients remains limited, as multiple mat 
systems are rarely sampled along systematic gradients of environmental variables such as 
salinity. Additionally, the intersection of microbial mat ecology and climate remains relatively 
unexplored, although limited evidence suggests the potential for large changes in microbial 
community composition on short timescales, associated with changes in climate and lake water 
properties. We investigated a series of distinct microbial communities from the top 5 cm of 
surface sediments in lakes across a natural gradient of salinity (approximately 7-160ppt) on 
Kiritimati to define how microbial communities differ with respect to lake water salinity, and the 
affect of other environmental variables (e.g. pH) on communty composition. Previous studies on 
Kiritimati microbial mats focused on a small number of the most hypersaline lakes on the island, 
leaving the microbial community profiles of most of the lakes unknown. Terminal-restriction 
fragment length polymorphism (T-RFLP) analysis was used as a preliminary test to profile the 
different communities based on salinity (fresh <0.5 ppt, brackish 0.5-30 ppt, saline 31-50 ppt, 
and hypersaline >50 ppt). Analyses of similarity between all the groups indicated that only the 
communities from the brackish lakes were statistically distinct from the hypersaline lakes, even 
though a gradient of salinities was used. Analyses of 16S rRNA gene amplicon sequences further 
support the differentiation of bacterial and archaeal communities along the salinity gradient. 
Nonmetric multidimensional scaling plots of the communities were vectorized to investigate how 
other environmental parameters influenced the communities. The vectorization showed pH (r2= 
0.65; p<1E-5) was a major driver of community variability. Alpha diversity measurements show 
no apparent link to salinity levels. Hypersaline samples had both higher (e.g., 5.7, 6.1) and lower 
(e.g., 3.1, 3.2) alpha diversity as indicated by the Shannon diversity index, whereas lower salinity 
groups showed a range of values. Our findings suggest pH may interact with salinity to influence 
microbial community structure and that diversity at high salinities may be controlled by both 
environmental and temporal factors. The profiles of these modern communties will be useful for 
future sediment core investigations of last millennium microbial communities and their 
relationship to past climate variability, lake salinity, and mineral properties.  
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Marine hydrocarbon seeps release large quantities of short-chain alkanes (methane, 

ethane, propane and n-butane) into the environment. Although, diverse anaerobic 
microorganisms are known to grow by oxidizing saturated hydrocarbons with six or more carbon 
atoms, diversity of anaerobic microorganisms that can anaerobically degrade short-chain alkanes 
are largely unknown. To better understand the anaerobic microbial oxidation of short-chain 
alkanes coupled with sulfate-reduction, sediments from the hydrocarbon-rich sediments from the 
Gulf of Mexico (GoM) were amended with artificial, sulfate-replete seawater and individually 
incubated with ethane, propane and n-butane under strict anaerobic conditions at 7 and 19°C. 
These incubations were sequentially passaged to enrich for alkane degrading activity. 
Preliminary data from the ethane consuming enrichments from GoM at 7°C show a steady 
consumption of sulfate with subsequent sulfide production indicating ethane dependent microbial 
metabolism. However, the reaction slows down in ~ 60 days period perhaps due to excess sulfide 
accumulation in the system (~11 mM). To the best of our knowledge, this is the first anaerobic 
ethane oxidizing enrichment reported thus far. We are also testing enrichments from the Middle 
Valley vent-field for ethane, propane and n-butane consumption at meso- and thermophillic 
temperatures.  

 
Future work will focus on determining the microbial diversity in the GoM ethane 

consuming enrichments using metagenomics and 16S Seq. This will be followed up with qPCR, 
FISH to enumerate the abundance of dominant microbes (possibly sulfate-reducing bacteria, 
SRB). The metabolic activity of these enrichments will be probed by using 13C-labeled ethane, 
followed by monitoring the δ13C of the DIC and the ethane pool as well as HISH-SIMS. In 
addition, lipid analysis using GC-MS will be used to determine the incorporation of 13C into 
lipids of the dominant microbes. The metagenomic data will be used to assemble candidate 
microbial genomes of the dominant species, and these will be probed for genes implicated 
previously in anaerobic alkane oxidation. 13C-ethane feeding experiments will also be performed 
to determine via LC-MS whether intermediates of ethane degradation are secreted to piece 
together the ethane consumption pathway. Due to the recalcitrant nature of ethane, such a 
pathway will undoubtedly reveal novel biochemistry. To follow-up on that, we are developing a 
genetic system in a relevant sulfate-reducing microbe that can serve as a heterologous host for 
protein overproduction for future biochemistry. Such a host can also be used to establish the 
minimal requirements of an anaerobic ethane oxidation pathway. 
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The carbon stable isotopic composition (δ13C) of plant waxes, such as n-alkanes and n-
alkanoic acids, in geologic archives are useful proxies for vegetation, climate, and tracking 
carbon cycling in the past. Interpreting ancient leaf wax δ13C values require a robust 
understanding of controlling factors on plant wax δ13C values. Although the n-alkanoic acids are 
increasingly used in paleoclimate reconstructions, little is known about seasonal controls on n-
alkanoic acid δ13C values and their distributions across the growing season. Additionally, there is 
a lack of information comparing the behaviour of n-alkanes and n-alkanoic acids, which would 
be useful considering that both are used interchangeably as paleo indicators. In this study, we 
investigated temporal changes in n-alkanoic acid abundance and δ13C values of different 
temperate forest trees from buds to leaf litter, and compared these to surface sediments. Four 
deciduous angiosperms and an evergreen gymnosperm in East Fork Wildlife Area in southern 
Ohio were selected including Acer saccharum, Acer Rubrum, Sassafras albidum, Ulmus 
americana, and Juniperus virginiana. Buds, leaves, flowers, leaf litter, and surface soil samples 
were collected every month from March to September 2014.  
 
 We found that n-C24 alkanoic acid concentrations in leaves were generally higher than the 
other chain lengths (C22-C34) and that the n-C24 alkanoic acids in leaves from earlier growing 
seasons (April-May) had values higher compared to those later in the growing season. In Ulmus 
americana however n-C30 concentrations were occasionally higher. This trend did not appear in 
any of the other species. n-Alkanoic acid concentrations in leaves were also compared to the n-
alkane concentrations to examine seasonal variations between the two n-alkyl lipid classes. The 
n-alkanes had consistently lower concentrations compared to n-alkanoic acids.  
 

We are currently analyzing the remaining samples for their n-alkanoic acid δ13C values. 
Changes in bulk foliar δ13C values, leaf traits (specific leaf area), and average chain lengths at 
different growing stages for each of the species will be presented, along with a comparison 
between n-alkanoic acids and n-alkane δ13C values. We are optimistic that the results of this 
study will help improve our understanding of n-alkanoic acids in modern plants to reduce the 
uncertainties for paleo studies that utilize n-alkanoic acids.  
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The trace element Molybdenum (Mo) is an important component of enzymes known as 

Molybdoenzymes, which are involved in nitrogen, sulfur and carbon metabolisms. Transport of 
Mo into the cell is carried out by enzymes such as the bacterial molybdate ABC transporters 
(ModABC) which facilitate molybdoenzyme functioning and thus, important in microbial 
mediated environmental processes. Despite Mo importance in biogeochemical cycles, little 
information exists about microbial Mo utilization in extreme environments. Samples were 
collected from hot springs in Tengchong County in Yunnan Province, China to study the effect 
of pH, temperature and spring geochemistry on the abundance and taxonomic affiliations of 
genes that transport or use Mo as a cofactor. BLAST search using custom Mo utilizing and 
transporting protein database followed by taxonomic and biological pathway annotation using 
MEGAN were performed on 9 metagenomes to determine the effect of pH, temperature and 
trace metal concentrations on molybdoenzyme genetics with a special emphasis on the 
nitrogenase enzyme protein (nifD). Overall, 3.5 to 7.9 % of reads in the metagenome were 
associated with Mo with the highest use demonstrated at the lowest pH site (Diretiyanqu (Drty5), 
pH 2.34). A positive correlation exists between Mo concentration and relative abundance of Mo 
transporting/ utilizing genes up to 0.0025 µM of Mo. At all sites Mo transport genes were 
predominantly ABC transporter protein coding while methane metabolism, nitrogen metabolism 
and glycolysis/ gluconeogenesis genes dominated the use of Mo. At most sites genes involved in 
Mo transport and those that use Mo as cofactor were predominantly annotated within the 
Archaea phylum (Sulfolobus and Candidatus Caldiarchaeum in low pH and high pH site, 
respectively).  Circumneutral pH (6.3 to 7.5) sites demonstrated higher diversity of genera and 
were dominated by Anaerolinea and Thermus. The nifD gene, which is important in the nitrogen 
cycle and uses Mo, was dominated by Thermocrinis albus in low pH (2.34 to 2.37) sites; 
whereas, Azoarcus (Proteobacteria) and Thermodesulfovibrio (Nitrospirae) along with Firmicutes 
and Cyanobacteria dominated the higher pH (8.05 to 8.94) sites. nifD abundance increased with 
Mo concentration until 0.002 µM. Sites with similar pH and temperature such as GmqP and 
JmqR (Jiemeiquan Right) show similar microbial taxonomy but dissimilar metabolic processes 
utilizing Mo which may be attributed to dissimilar spring trace metal concentrations indicating 
that the same genera might carry out different metabolic processes depending upon available 
resources and environmental constraints. Hence, temperature, pH and spring water geochemistry 
work intricately to affect the taxonomy and molybdoenzyme and thus, the biogeochemical 
processes occurring in these high temperature environments. 
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 Future climate change is expected to have a large impact on precipitation, although the 
sign and magnitude of this impact is unclear in most regions, especially in the midcontinent 
North America (NA). Studying past changes in hydrology from midcontinent NA, one of the 
most drought-sensitive regions in NA, during period of major warming similar to those expected 
in the future can help us better constrain future hydrologic conditions. The Last Interglacial 
(LIG; 130-115 kyr) is the most recent warm time period with higher average global temperature 
(~2°C), higher sea level (~6m), and lower global ice volume than the present. Studying the LIG 
may offer an understanding of the future hydrologic changes. However, there are insufficient 
hydrologic records in midcontinent NA during the LIG, and modeled and proxy data are 
contradicting. To address this gap, we are generating a record of hydrologic and vegetation 
conditions in midcontinent NA for the last ~150 kyr. To generate these records, we are 
measuring hydrogen (δDwax) and carbon (δ13Cwax) stable isotopes of plant leaf waxes (n-alkanes 
and n-alkanoic acids) as proxies for hydrology and vegetation, respectively, that are preserved in 
marine sediments (ODP 625B) from northeastern Gulf of Mexico. Long-chain n-alkanes showed 
a strong preference for odd-over-even carbon numbers, indicating leaf waxes mainly derived 
from high plants. δ13Cwax values were relatively higher during interglacials, and lower in glacial 
periods, suggesting expansion of C4 plants during interglacial periods in midcontinent NA. δDwax 
values were higher during the Holocene and LIG, indicating higher moisture contributions from 
the Gulf of Mexico and Atlantic Ocean during interglacials. Differences between moisture 
source and vegetation between the Holocene and LIG are discussed. For the two glacial periods 
(mid-late MIS 2 and MIS 6), moisture source and/or vegetation might have been different: MIS 6 
seems to have either a greater contribution of C3 dicots, or the moistures from Gulf of Mexico 
than the MIS 2. The results of this work will provide a better understanding of regional water 
cycling and vegetation during the past warm period. Such information will be critical in reducing 
uncertainties of future hydrologic condition predictions.  
 
 
  



Poster	Abstracts	

Midwest	Geobiology	Symposium	2016	|	59	

Understanding growth and activity of Beggiatoa spp. from a low-oxygen 
environment 

HUI CHIEN TAN1, JUDITH KLATT2, SHARON GRIM3, GREGORY DICK4 

1Department of Earth and Environmental Science, University of Michigan, Ann Arbor, USA, hctan@umich.edu 
2Department of Earth and Environmental Science, University of Michigan, Ann Arbor, USA, jmklatt@umich.edu  
3Department of Earth and Environmental Science, University of Michigan, Ann Arbor, USA, sgrim@umich.edu  
4Department of Earth and Environmental Science, University of Michigan, Ann Arbor, USA, gdick@umich.edu  
 
 The underwater Middle Island Sinkhole (MIS) is a photic, sulfidic, and low-oxygen 
modern system to understand microbial life on early Earth. Members of Beggiatoa, a genus of 
filamentous sulfide-oxidizing bacteria (SOB), live in cyanobacterial-dominated microbial mats in 
MIS. Beggiatoa spp. can be found in either freshwater or marine environments, and are key 
autotrophs in light-limited environments such as deep-sea hydrothermal vents and seeps (Preisler 
et al., 2007).  The characteristics and activity of MIS Beggiatoa are of particular interest due to 
their unique interaction with the cyanobacteria. The white filaments cover the purple 
cyanobacterial layer during the night but migrate underneath the purple layer during the day 
(Biddanda et al., 2012). Our observations suggest that in the morning, prior to downward SOB 
migration, the reflective cover of the white filaments shades the cyanobacteria and limits 
oxygenic photosynthesis. Thus, we hypothesize that Beggiatoa migration and metabolism 
influences cyanobacterial O2 production rate in the MIS mats. In this study, we enriched 
Beggiatoa spp. from MIS sediments for culture-based experiments. Beggiatoa spp. growth was 
absent in anoxic conditions but present in microaerobic and oxic conditions. The progression of 
white ring formations, which consisted of Beggiatoa filaments, towards the water surface 
suggests high O2 demand. Further, Beggiatoa growth was not substantially different in the 
presence of nitrate as an additional and alternative electron acceptor. We are currently designing 
new gradient media based on in-situ parameters to isolate Beggiatoa. Future culture-based 
approaches will describe their response to varying solute fluxes and light conditions, and target 
the interaction of Beggiatoa migration behavior and activity, and cyanobacterial oxygen 
production. These results in turn will inform our understanding of the conditions that determine 
cyanobacterial oxygen production in modern and ancient low-oxygen environments.  
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 Iron is an important redox-active element in clay minerals and Fe(II) can reside in 
structural octahedral site, edge site, and basal plane in phyllosilicate such as smectite. Using 
iron-rich nontronite NAu-2, Fe(II) was adsorbed onto basal plane and edge-site when pH was < 6 
and > 7, respectively. An experiment was set up to couple oxidation of adsorbed Fe(II) with 
nitrate reduction catalyzed by metal oxidizing bacterium, Pseudogulbenkiania sp. strain 2002. 
Our results showed that more Fe(II) was absorbed on edge site, and edge-Fe(II) was more 
reactive than the basal-Fe(II) towards nitrate reduction. Multiple lines of evidence including wet 
chemistry, X-ray diffraction, electron microscopy, and Mössbauer spectroscopy support the 
interlayer electron transfer between structural Fe(III) in NAu-2 and edge/basal absorbed Fe(II). 
 
	



Poster	Abstracts	

Midwest	Geobiology	Symposium	2016	|	61	

The Effect of Organic Matter on Clay Surface 
HONGYAN ZUO1*, HAILIANG DONG2, RAVI KUKKADAPU3 

1Department of Geology & Environmental Earth Science, Miami University, Oxford, USA, zuoh@miamioh.edu  
(*presenting author) 
2Department of Geology & Environmental Earth Science, Miami University, Oxford, USA, dongh@miamioh.edu  
3Denvironmental Molecular Sciences Laboratory, Pacific Northwest National Laboratory, Richland, Washington, 
USA, Ravi.Kukkadapu@pnnl.gov  
 

Humic acid (HA) and fulvic acid (FA) are ubiquitous organic matter (OM) in soil and 
aquatic environments, and are often associated with clay minerals. These OM-clay complexes 
are believed to play a key role in stabilizing organic matter in the environment and mitigate 
greenhouse gas emissions. However, little is known about the mechanisms by which organic 
matter may be released from clay minerals. Nontronite (NAu-2) is an Fe-rich smectite with Fe 
(III) mostly in octahedral site. Fe (III) can serve as electron acceptor in redox reaction involving 
microbes. To investigate the effects of biological reduction of structural Fe(III) in organic matter 
release from nontronite, Shewanella putrefaciens CN-32 was chosen to catalyze redox reaction 
under anaerobic condition.  
 

NAu-2 was separated to collect 0.02-0.5 µm size fraction, and then fulvic acid and humic 
acid were adsorbed to clay surface. Regular NAu-2, FA-coated NAu-2 and HA-coated NAu-2 
were resuspended and then bioreduced by Shewanella putrefaciens CN-32. The TOC content of 
HA-coated NAu-2 and FA-coated NAu-2 are 0.29% and 0.14%, respectively, in comparison of 
~0.02% for uncoated NAu-2. Although TOC measurement shows little organic matter 
adsorption, difference in reduction rate was observed within the first 24 hrs. HA-coated NAu-2 
and FA-coated NAu-2 both showed a faster initial reduction rate than un-coated NAu-2. 
However, the ultimate reduction extent was slightly lower for HA- and FA-coated NAu-2 
relative to un-coated NAu-2. 
 

In anaerobic environments, humic acids can serve as electron acceptor, as well as 
electron shuttle to reduce Fe(III) of ferric oxides to Fe(II) (Lovely et al., 1996). Fulvic acids may 
also serve as electron acceptor and electron shuttle. It is unexpected to get little difference in 
bioreduction extent between regular NAu-2 and FA-coated/HA-coated NAu-2 after equilibrium 
(144 hrs). Our data are consistent with previous studies in showing that HA/FA can serve as 
electron shuttle to accelerate bioreduction of NAu-2. However, the adsorption of HA/FA onto 
NAu-2 surface may have partially blocked electron transport pathway and led to a lower 
bioreduction extent. 
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