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Morning: (plenary talks are 30 mins lecture + 10 mins discussion)
Hailiang Dong and Bill Burgos, presiding
8:00 – 8:15


Welcome by Dr. Hank Foley, Vice President of Research, Penn State 

University

8:15 – 8:30


Logistics by Bill Burgos and Hailiang Dong

8:30 – 8:45
 
Introduction of NSF and International collaboration opportunities


NSF Program Director Enriqueta Barrera

8:45 - 9:00
 
Introduction of NSFC and International collaboration opportunities


 
NSFC Program Director Yupeng Yao

9:00 - 9:30

The Tengchong Geothermal System PIRE Project: US-China 




Collaboration in Action



Brian Hedlund et al., University of Nevada - Los Vegas 

9:30-9:50

Coffee break;

9:50 - 10:30 
“Hot” environments, US plenary




Probing the ecology of carbon, nitrogen, and hydrogen cycling in 




the Yellowstone Geothermal Complex


John Peters, Montana State University
10:30 – 11:10 
“Hot” environments, China plenary
Diversity and potential activity of Archaea and Bacteria in Yunnan Hot Springs of China: An overview 

Chuanlun Zhang, University of Georgia/Tongji University
11:10 – 11:50 
“cold” environment, US plenary 




Application of a depositional facies model to an acid mine drainage 



site


Bill Burgos, Penn State University
11:50 - 12:30
“cold” environment, China plenary




Synergism between semiconducting minerals and microorganisms 




and its environmental significance





Anhuai Lu, Peking University
12:30-13:30
Lunch break; served in 2nd Floor Gateway that connects Life Sciences and Chemistry Buildings
Afternoon, Chuanlun Zhang and Phil Bennett presiding 
13:30 – 16:50 
Two breakout session run in parallel (science talks, 20-min each)

Breakout #1A – “hot” environment (100 Life Sciences Bldg)
Session leaders: Chuanlun Zhang/Brian Hedlund
Breakout #2A – “cold” environments (102 Chemistry Bldg)
Session leaders: Bill Burgos/Longjiang Yu
18:00-20:00   
Welcome dinner, Spats Café. 
20:00 - 22:00
Chinese colleague group discussion joined by NSFC program director Yupeng Yao, Days Inn Logan/Harris room.
May 20

Meet in the Days Inn lobby at 8:30 AM for a field trip to the Centralia Mine and Pioneer Tunnel in Ashland, PA
May 21, technical sessions
Morning, plenary talks 
Gill Geesey and Yongxin Pan, Presiding
8:00-8:40
GeoChip: A high throughput metagenomics technology for biogeosciences


Jizhong Zhou, University of Oklahoma 

8:40-9:20

“Deep” environments, US plenary




Potential Impacts of Geologic Carbon Dioxide Sequestration on 




Subsurface Microbial Communities





Tommy Phelps, Oak Ridge National Laboratory

9:20-10:00

“Deep" environments, China plenary




The first obligate piezophilic hyperthermophilic archaea Pyrococcus 



yayanossi CH1: A living fossil of early life ?





Xiang Xiao, Jiaotong University
10:00-10:40

Coffee break;
10:40-11:20

"Salty" environment, US plenary 




14,000 years of plankton molecular succession dynamics in the Black 



Sea





Marco Coolen, Woods Hole Oceanographic Institution 

11:20-12:00

"Salty" environment, China plenary




Impacts of Environmental changes and human activity on microbial 



ecosystems on the Tibetan Plateau, NW China





Hailiang Dong, Miami University/China Univ. of 







Geosciences-Beijing

12:00-13:30
Lunch break; served in 2nd Floor Gateway that connects Life Sciences and Chemistry Buildings
13:30 - 17:10

Two breakout sessions run in parallel (science talks, 20-min 





each)


Breakout #3A – “deep” environment (100 Life Sciences Bldg).


Session leaders: Tom Kieft/Xiang Xiao

Breakout #4A – “salty” environments (102 Chemistry Bldg)

Session leaders: James Hollibaugh/Zhongping Lai
19:00-21:00


Dinner; Nittany Lion Inn
May 22, morning 
8:40-9:40: Plenary session, workshop summary
9:40-12:00: Visit PSU research laboratories 

Afternoon

Field trip to AMD followed by lake cruise
May 23, Departure
Emergency contact cell phone numbers
Hailiang Dong: 513 330 3192
Qiuyuan Huang: 513 265 7025

Mike Bishop: 513 593 2753

Bill Burgos: 814 863 0578
Breakout session #1A – hot environment

May 19thth (100 Life Sciences Building)

Goals and questions

We will focus on the currently growing interests in carbon, hydrogen, sulfur, and nitrogen metabolisms by thermophilic archaea and bacteria, and the advances in developing genomic and biomarker tools for a better understanding of such biological processes in modern and ancient hydrothermal (or other geological) environments. 

Specifically, critical questions related to hot spring research in the global context include but are not limited to these:

1) Are functional genes (such as amoA) superior biomarkers to the conservative 16S rRNA genes in examining microbial biogeography? Are certain microbial species more prone to geographical isolation or barrier than others? To what extent water chemistry affects species distribution in the hot spring environment? 

2) What are the effective ways to delineate chemical, physical, genetic, and geographical controls on microbial species diversity and ecological functions? To what extent can we link biogeochemical processes such as oxidation of H2, ammonia, reduced iron or sulfur to functional populations of archaea and bacteria? How can we best use the currently available techniques in identifying active populations for a specific process? For example, how stable-isotope probing can be used for identifying ammonia-oxidizing archaea coupled to CO2 fixation? How can we best utilize the maturing genomic, transcriptomic, and microarray technologies in addressing the biogeographical, ecological, and biogeochemical questions?

3) Can we develop a comprehensive suite of biomarkers of both organic and inorganic origins for a common microbial process? Can rate of mineral growth be used as a biomarker? How microorganisms work together (syntrophy dynamics) in shaping the function and community (or mineral) structures in the natural environments? 

4) How microorganisms produce protective chemicals/minerals for survival and evolution in extreme environments?

5) Technically, how can we link the biomarkers identified in cultures to those (fossil biomarkers) observed in modern and ancient geological settings? 

Agenda

Chuanlun Zhang/ Brian Hedlund 

13:30-13:50

Fengping Wang, Getting to know the unknown: integrating OMICS 
to understand the physiology and metabolic potentials of 
uncultivated microorganisms

13:50-14:10

Gregory Druschel, Detailed sulfur speciation yielding insight on 




microbial metabolism in hydrothermal systems

14:10-14:30

Lianbing, Lin, Thermoacidophilic Sulfolobus from hot springs of 




Tengchong, Yunnan, China

14:30-14:50

Coffee break;

14:50-15:10

Brian Hedlund: A Microfluidics Platform for Single-Cell Genomics: 



Some Preliminary Results from Great Basin Hot Springs

15:10-15:30

Yiliang Li, The Geobiology of Volcanic Hot Springs From 





Kamchatka,Russia

15:30-15:50

Coffee break;

15:50-16:10

Weilan Shao, A repressor/operator system coupling redox status to 




ethanol fermentation pathway in Thermoanaerobacter spp

16:10-16:30

Hilairy Hartnett, Nitrogen Cycling in Yellowstone National Park Hot 



Springs
16:30-16:50

Eric Wommack, The hot unknown geneosphere: Metagenomics of 




viral assemblages in geothermal environments

Breakout Session (2A#) – cold environments (acid mine drainage)
May 19 (102 Chemistry Bldg)
Goals and Research Questions

This project seeks a fundamental understanding of low pH-Fe(II) oxidation in AMD remediation and subsequent dynamics of sulfur-containing minerals. The aim is to direct knowledge toward the mitigation of AMD from past, present, and future coal mining activities. Our proposed research will focus on four questions:

1) Which microbial group(s) are responsible for low-pH Fe(II) oxidation and S cycling downstream of coal mine-generated acid mine drainage?

2) Does emergent water chemistry or landscape features (e.g. sun index, vegetation) have significant impact on the microbial communities that develop downstream of these discharges?

3) By constraining water chemistry and landscape features to be nearly identical, will low-pH Fe(II)-oxidizing and S-cycling microbial communities be similar downstream of discharges from Appalachian (USA) and Shanxi (China) coal mines, thus providing basic insights into the emerging field of microbial biogeography?

4) By constraining landscape position to be nearly identical, does the microbial community or water chemistry have a larger impact on minerals formed and mineral properties downstream of these discharges? 

In general what we are looking are:

· Good hypotheses

· Good sites where these hypotheses can be ~unequivocally resolved

· Most appropriate and complementary techniques to resolve hypotheses

· Logical assembly of multi-disciplinary, multi-institutional, multi-national research teams

· Early identification of funding conventional opportunities

· Lobby to establish new unique funding mechanisms for such collaborations

Agenda

William Burgos and Longjiang Yu, presiding 

13:30-13:50

Charles Cravotta, Hydrochemistry of Legacy Coal-Mine Drainage 
in Pennsylvania

13:50-14:10

Yan Li, Novel mode of AMD production: a photochemical process 
linking semiconducting sulfide minerals oxidation to microbial 
energy metabolism

14:10-14:30

Mary Ann Bruns, Minerals and Microbes in “Kill Zones” Created 




by Massive Discharges of Acidic Coal Mine Drainage 

14:30-14:50

Coffee break;

14:50-15:10

John Senko, Iron Transformations in an acid mine 







drainage-impacted system in southeastern Ohio, USA.
15:10-15:30

Hongmei Wang: Bioreduction of goethite by Methanosarcina 
barkerii

15:30-15:50
 
Coffee break;

15:50-16:10

Yunling Wei, Comparison of cold-adapted bacterial community 
structure in Mingyong Glacier and its deglaciated terrain
16:10-16:30

Susan Pfiffner, Microbial community evaluation in reclaimed mine 
soils
16:30-16:50

Patricia Sobecky Microbial Phosphorus Metabolism: Insights into 




Metal and Radionuclide Biomineralization in Acidic Environments

Breakout Session (3A#) – deep biosphere

May 21 (100 Life Sciences Bldg)
Goals and Research Questions/hypotheses

· Research Questions/Hypotheses, e.g.,

· How deeply does life extend into the Earth?

· What fuels the deep biosphere?

· How does the interplay between biology and geology shape the subsurface?

· What can we learn from subsurface genes and genomes?

· Did life on the earth’s surface come from underground?

· Is there life as we don’t know it?

· Paleobiology and the deep subsurface
· Can ancient DNA be preserved in rocks, particularly in sedimentary rocks ? If so, what is the maximum time frame of preservation ? Are the patterns of DNA preservation consistent with the sedimentary characteristics? For example, is DNA better preserved in shale than in sandstone which has greater porosity and allows fossil DNA to be exposed to hydrological reactions?  

· What are the fundamental community structures of the paleome in Cretaceous that represents a major biological event in geological history? For example, are the paleo-lacustrine microbial populations similar to or different from today’s lake microbial communities?
· Since lipid biomarkers are more stable than DNA in geological material, to what extent can they be used to support the DNA record of the paleome? What lipid biomarkers are best appropriate for such comparison?
· New Technologies for drilling/sampling

· New Opportunities for deep subsurface sampling

· Sites

· Funding Agencies and Programs

· Stand-alone projects 

· “Piggy-Back” opportunities for subsurface sampling

· other

· Educational opportunities in subsurface geomicrobiology

Agenda

Tom Kieft and Xiang Xiao, presiding

13:30-13:50

Tom Kieft, Ecohydrology of Deep Fractured Rocks at Homestake 




DUSEL
13:50-14:10

Yongxin Pan, Magnetotactic bacteria: their magnetism and 
biomineralization. 

14:10-14:30

Hongyue Dang, Molecular Ecological Studies of Nitrogen Cycling 




Microbial Communities in the Deep-sea Cold Seep Sediment 




Environment of the Okhotsk Sea
14:30-14:50

Coffee break;
14:50-15:10

Gill Geesey, Bacterial extracellular polymeric substances as 




scaffolding for the precipitation and growth of magnesium-enriched 



carbonates

15:10-15:30

Stefan Sievert, An integrated approach to study 







chemolithoautotrophic processes at deep-sea hydrothermal vents at 




9ºN, East Pacific Rise

15:30-15:50

Coffee break;

15:50-16:10 
Huaiyang Zhou, Growth History of Hydrothermal Chimney and 




Extreme Heterogeneous Habitat for Microbiological Colonization

16:10-16:30 

Lee Krumholz, Cooperation of denitrifying bacteria during 
bioremediation of low pH groundwater contaminated with nitrate

16:30-16:50

Qiang Li, Comparative research of microbial activity and soil 




fertility in different land use patterns
Breakout Session (4A#) - Salty and other Environments

May 21 (102 Chemistry Bldg)
Goals and Research Questions

Microbial ecology on the Tibetan lakes: Tibet is Earth’s largest and highest plateau which is one of the most sensitive areas to global climate change. There are hundreds of lakes on the plateau and they represent an outstanding, world-class location for obtaining high-resolution records of Quaternary climate change and environmental history. Building on our past collaboration, we propose to establish a long-term collaborative international research and education program to address the critical global climate-change problem by studying the present and past ecosystems in these lakes. In particular, we propose to address the following questions: 
1) How do the diversity and productivity of the aquatic autotrophic organisms respond to increasing salinity as a result of climate change? 

2) Can we identify unique biomarkers that can be used to decipher environmental and climate change in the past?

3)
How can we evaluate the preservation and vertical distribution of molecular biomarkers (DNA and lipids) in the sedimentary records so that the evolutionary patterns of paleoecosystems can be correlated to changes in plaeoclimate and paleohydrology related to the uplift of the Tibetan Plateau?

Because of many unique characteristics of the Tibetan lakes, ample research opportunities are available for international collaboration once various options are explored.
Agenda

James Hollibaugh and Zhongping Lai, presiding
13:30-13:50

Zhongping Lai, Environmental change in the Tibetan Plateau from 




saline lake records in late Quaternary: a chronological frame

13:50-14:10

Eric Roden, Microbial Fe(II) oxidation and mineralization in 
sediments of an acidic, hypersaline lake (Lake Tyrell, Victoria, 
Australia)

14:10-14:30

James Hollibaugh, Analysis of the Meta-Transcriptome of an 




Ammonia Oxidizing Archaea Population

14:30-14:50

Coffee break;

14:50-15:10

Longjiang Yu, The protective technology of oil pipeline corroded by 
sulfate-reducing bacteria in oil field
15:10-15:30

Olli H. Tuovinen, Bioweathering of micas is coupled with structural 



alteration and jarosite formation

15:30-15:50

Caixiang Zhang, Anaerobic Methane Oxidation in a 






Landfill-Leachate Plume
15:50-16:10

Coffee break;

16:10-16:30

Faqin Dong: The incinerating enrichment and biosorption of 
radionuclide and heavy metal ions by yeast cells.

16:30-16:50

Russell Vreeland, Microbial Paleontology and the Application of 
Geomicrobiology to Microbial Evolution
16:50-17:10
  
Wei Li, Role of microbial carbonic anhydrase as an activator 



in calcite dissolution and precipitation
US-China Geomicrobiology Workshop on 
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Abstracts 

Prepared by

Hailiang Dong

Department of Geology

Miami University

Microbial Fe(II) oxidation and mineralization in sediments of an acidic, hypersaline lake (Lake Tyrell, Victoria, Australia)

Marco Blöthe, Evgenya Shelobolina, and Eric Roden

University of Wisconsin, Department of Geoscience, Madison, WI 53706

Lake Tyrrell is a variably acidic, hypersaline, Fe-rich lake located in Victoria, Australia.  Terrestrial acid saline lakes like Lake Tyrrell may be analogs for ancient Martian surface environments, as well as possible extant subsurface environments. To investigate the potential for microbial Fe cycling under acidic conditions and high salt concentration, we collected sediment core samples during three field trips between 2006 and 2008 from the southern, acidic edge of the lake. Materials from the cores were used for chemical and mineralogical analyses, as well as for molecular (16S rRNA genes) and culture-based microbiological studies. Near-surface (< 1 m depth) pore fluids contained low but detectable dissolved oxygen (ca. 50 uM), significant dissolved Fe(II) (ca. 500 uM), and nearly constant pH of around 4 – conditions conducive to enzymatic Fe(II) oxidation.  High concentrations of Fe(III) oxides begin accumulate at a depth of ca. 10 cm, and may reflect the starting point for formation of massive iron concretions that are evident at and beneath the sediment surface.  MPN analyses revealed low (10-100 cells/mL) but detectable populations of aerobic, halophilic Fe(II)-oxidizing organisms on the sediment surface and in the near-surface ground water.  With culture-dependent methods at least three different halotolerant lithoautotrophic cultures growing on Fe(II), thiosulfate, or tetrathionate from different acidic sites were obtained. Analysis of 16S rRNA gene sequences revealed that these organisms are similar to previous described gamma proteobacteria Thiobacillus prosperus (95%), Halothiobacillus kellyi (99%), Salinisphaera shabanense (95%) and a Marinobacter species. (98%). 16S rRNA gene pyrosequencing data from two different sites with a pH range between 3 and 4.5 revealed a dominance of gamma proteobacteria.  16S rRNA gene pyrosequencing libraries from both cores were dominated by sequences related to the Ectothiorhodospiraceae family, which includes the taxa corresponding to the pure culture isolates. Our results suggest that microbial Fe(II) oxidation is a major biogeochemical process in the acidic and Fe-rich sediments of Lake Tyrrell, and may provide a model for how microbially-catalyzed Fe(II) oxidation under hypersaline conditions could occur in subsurface Martian environments.

Application of a depositional facies model to an acid mine drainage site

J. Brown1, D. Jones2, J. Macalady2 and W.  Burgos1*

1 Dept. Civil Environ. Eng., Penn State Univ., University Park, PA 16802, USA (jfb213@psu.edu, *correspondence: wdb3@psu.edu)
2 Dept. of Geosciences, Penn State Univ., University Park, PA 16802, USA (djones@psu.edu, jlm80@psu.edu)
We analyzed the aqueous chemistry, mineral precipitates, microbial communities, and Fe(II) oxidation rates at an acid mine drainage (AMD) site in the context of a depositional facies model.  Both pool and terrace facies at two locations on a natural iron mound were studied.  Fe(III) precipitates were determined to be schwertmannite with pin-cushion morphology at all locations, regardless of facie.  Microbial community composition was studied with 16S rDNA cloning and fluorescence in situ hybridization (FISH) and found to transition from a Betaproteobacteria and Euglena dominated environment at the AMD spring to an Acidithiobacillus dominated environment downstream, as pH decreased. Microbial composition at adjacent pool and terraces was similar; thus, microbial community structure was a function of pH and other geochemical gradients rather than facie.  Surface-area normalized rates of Fe(II) oxidation measured in laboratory reactors ranged from 0.63 to 1.75 x 10-9 mol L-1 s-1 cm-2 and the fastest rates were associated with pool sediments. Sediments collected closer to the AMD spring were more efficient at Fe(II) oxidation than sediments collected further downstream, regardless of facie, suggesting that Fe(II) oxidation rates were also dependent upon geochemical conditions, not solely on the depositional environment. Sediments were irradiated with 60Co and analyzed again to determine abiotic Fe(II) oxidation rates.  No change in Fe(II) concentration was observed for sterilized sediments, indicating that all Fe(II) oxidation was a result of biological processes.  A depositional facies model explained some differences in Fe(II) oxidation kinetics, but could not fully explain differences in water chemistry, mineral composition, crystal morphology, or microbial community composition.

Minerals and Microbes in “Kill Zones” Created by Massive Discharges of Acidic Coal Mine Drainage 

Authors: Mary Ann Bruns,1 Claudia Rojas,1 Patrick Drohan,1 Benjamin Moorhead,1 Mary Kay Lupton,1 Jacquelyn Teresky,1 Morgan Minyard,1 William D. Burgos,2 Mike Bishop,3 Jing Zhang,3 and Hailiang Dong3 

1Department of Crop and Soil Sciences and 2Department of Civil and Environmental Engineering, The Pennsylvania State University, and 3Department of Geology, Miami University, Oxford, Ohio
Abstract

Prior to entry into receiving waters or treatment systems, high-volume, deep-mine discharges from abandoned coal mines flow overland to create “kill zones” consisting of massive deposits of iron oxide precipitates. Acidic mine drainage (AMD) flow paths frequently change direction through kill zones (typically up to 2 ha in area), creating barren landscapes of sediment accumulations of varying thickness and water content. Objectives of this study were to characterize mineralogy of sediments, surface crusts, and underlying soils to gain understanding of these materials and to identify effective approaches for remediation or off-site usage. Samples of sediments and crusts were collected and analyzed using wet chemistry, stereoscopy, scanning electron microscopy (SEM), energy dispersive X-ray spectroscopy (EDS), and X-ray diffraction (XRD). In a high-water-table area of one kill zone, for example, surface crusts were composed mainly of iron (oxyhydr)oxides and jarosite bound by a network of thin organic filaments. The tops of pinnacles developed in these crusts bore small efflorescences of bassinite and gypsum. Preliminary data on mineralogy of other selected materials will be presented, as well as data on microbial community analyses using cultural and DNA-based methods.

The protective technology of oil pipeline corroded by sulfate-reducing bacteria in oil field
Wu CHEN 1,2, Li-jia LIU 1,2, Feng HE 1,2, Peng-peng ZHOU 1,2, Yuan-xi WU 1,2, Chun-fang Zhao1,2, Long-jiang YU 1,2,*
1 Institute of Resource Biology and Biotechnology, College of Life Science and Technology, Huazhong University of Science and Technology, Wuhan 430074, China;

2 Key Laboratory of Molecular Biophysics, Ministry of Education, Wuhan 430074, China.

*Corresponds author: Yu Long-jiang, E-mail: yulongjiang@mail.hust.edu.cn
Address: College of Life Science and Technology, Huazhong University of Science & Technology, 1037 Luoyu Road, Wuhan, 430074, P. R. China; Tel: +86 (0)27 87792432; Fax: +86 (0)27 87792265.

Abstract: Sulfate-reducing bacteria (SRB) constitute a diverse group of prokaryotes that contribute to a variety of essential functions in many anaerobic environments. Several biotechnological procedures have been proposed for using SRB in bioremediation of toxic metals. On the other hand, SRB were considered as the principal cause of bacterial corrosion in natural-water storage and distribution systems in the water-injection systems of the oil industry due to microbiologically induced corrosion. In this study, SRB were isolated from different recirculation water of oil field, and four interested strains had been further investigated. Analysis of the 16s rDNA sequence showed that CW-01, CW-02 and CW-04 shared 99% identity with Desulfotomaculum aeronauticumd and were defined as representative and novel strains of the genus Desulfotomaculum. CW-03 shared 98% identity with Desulfotomaculum nigrificans and was as a novel strain of the genus Desulfotomaculum. Based on the characteristics of the SRB, a set of combined approaches were applied to inhibit SRB in recalculated water in oil-field. Firstly, three multifunctional chemical reagents were investigated as the chemical bactericide. Secondly, several species of bacteria were selected as the competitive inhibition to SRB. Thirdly, a kind of electronic sterilization equipment with high performance was designed using electromagnetism technology combined with the chemical bactericide method. The results showed that the combined approaches were effective tools to resolve the bacterial corrosion caused by SRB and could lay a foundation for the further application in oil industry.

Keywords: Metallic oil pipeline; Bacterial corrosion; Sulfate-reducing bacteria (SRB); protective technology.

Salty Environment (plenary, invited)

14,000 years of plankton molecular succession dynamics in the Black Sea

Marco J.L. Coolen and Jeroen van de Giessen

Woods Hole Oceanographic Institution (WHOI), 360 Woods Hole Rd., MS#4, MA 02543, USA. (mcoolen@whoi.edu)

The geological record offers our best opportunity for understanding how biological systems function over long timescales and under varying paleoenvironmental conditions. Understanding these ecosystem responses to change is critical for biologists in trying to understand how organisms interact and adapt to environmental changes, and for geologists seeking to use these biology-geology relationships in order to reconstruct past climate conditions from sediment records. For example, enumeration of microscopic fossilizing protists, such as diatoms, has become a standard paleoecological approach in the field of paleoclimatology. However, the identification of morphological remains is not always straightforward, as many taxa lack diagnostic features preserved upon fossilization. Lipid-based records can be particularly valuable in the absence of diagnostic features in the sedimentary record. Nevertheless, the interpretation of these molecular stratigraphic records is often complicated by the limited specificity of many lipid biomarkers. There is thus a need for biomarkers with greater source-specificity that can be used to complement and enhance interpretations based on existing methods. The field of molecular biology offers a most promising approach that is just starting to gain wider utility: The use of ancient DNA preserved in the sedimentary record (sed aDNA) to reconstruct past ecosystems. The Black Sea is an interesting system for molecular paleoecological studies since postglacial climate shifts over Eurasia, together with global sea level changes, modulated freshwater and saltwater inputs to the Black Sea, leading to major hydrologic changes in the basin. Using a subset of paleogenetic tools, including eukaryotic tag-encoded Titanium amplicon pyrosequencing, we revealed that these environmental changes had a major impact on past species compositions since the last 14,000 years. Furthermore, we generated the first Holocene record of phytoplankton-infecting viruses using sed aDNA. Knowledge about the role of past phytoplankton-infecting viruses is essential for more precise paleoecological assessments as viral infection often results in lysis of plankton cells and greatly affects plankton distributions. 
Hydrochemistry of Legacy Coal-Mine Drainage in Pennsylvania

by C.A.  Cravotta III, U.S.  Geological Survey, Pennsylvania Water Science Center


Water-quality data for discharges from 140 legacy coal mines in the Anthracite and Bituminous Coalfields of Pennsylvania reveal important relations among the pH and dissolved solute concentrations.  Observed values of pH ranged from 2.7 to 7.3.  Generally, flow rate was positively correlated with pH and negatively correlated with solute concentrations.  Although the concentration of Fe was not correlated with pH, the concentrations of As and Ba were positively correlated with pH, and the concentrations of SO4, Se, Al, Mn, Zn, Cd, Ni, Pb, and Cu were negatively correlated with pH.  The bituminous discharges had smaller median flow rates; greater concentrations of SO4, Fe, Al, As, Ni, and Cu; comparable concentrations of Mn, Zn, Cd, and Se; and smaller concentrations of Ba and Pb than anthracite discharges with the same pH values.  The observed relations between the pH and constituent concentrations can be attributed to (1) dilution of acidic water by near-neutral or alkaline ground water; (2) solubility control of Al, Fe, Mn, and Ba by hydroxide, sulfate, and/or carbonate minerals; and (3) aqueous SO4-complexation and surface-complexation reactions.  Sulfate complexation can account for 10 to 20 times greater concentrations of dissolved Al in SO4-laden bituminous discharges compared to anthracite discharges at pH of 5 and also can account for 10 to 30 times greater concentrations of dissolved FeIII at equilibrium with Fe(OH)3 at pH of 3 to 5.  Lower Ba concentrations in bituminous discharges indicate that elevated SO4 concentrations could limit Ba concentrations by the precipitation of barite (BaSO4).  Concentrations of dissolved Pb, Zn, Cd, and Cu in bituminous and anthracite discharges were orders of magnitude less than equilibrium with sulfate, carbonate, and/or hydroxide minerals.  Surface complexation (adsorption) by hydrous ferric oxides (HFO) could account for the decreased concentrations of these trace cations with increased pH.  Increased concentrations of As and, to a lesser extent, Se with increased pH could result from the adsorption of these oxyanions by HFO at low pH and desorption at near-neutral pH.  

Molecular Ecological Studies of Nitrogen Cycling Microbial Communities in the Deep-sea Cold Seep Sediment Environment of the Okhotsk Sea
Hongyue Dang

State Key Laboratory of Heavy Oil Processing & Centre for Bioengineering and Biotechnology, China University of Petroleum (East China), Qingdao 266555, China

Abstract:


Methane seeps, mainly formed in the areas of shallow gas hydrate-bearing continental margin sediments, sustain a significant chemosynthetic biomass and productivity in deep-sea environment. Decades of geochemical and microbial investigations have shed light on the C and S cycling in these unique ecosystems. However the biogeochemical cycling of N has seldom been studied. The characteristic high biomass and productivity of the cold seep ecosystems, driven by rapid microbial transformations of C and S compounds, may concomitantly require a high supply and/or rapid recycling of the reactive nitrogenous compounds. Recent investigations indicate that nitrogen-fixing microbes may play an important role in supplying newly-fixed nitrogen to these ecosystems. In addition to providing new N supply, the deep-sea sediment microorganisms may also contribute to the recycling of nitrogenous nutrients. In this presentation, we report our studies of the N cycling microbial communities, focusing mainly on the N fixation and nitrification processes, in the deep-sea cold seep sediment environments of the Okhotsk Sea, a marginal sea in the northwestern Pacific Ocean that harbors one of the largest methane hydrate reservoirs in the world.
The Incinerating Enrichment and Biosorption of Radionuclide and Heavy Metal Ions by Yeast Cell 

DONG Fa-qin1  LIU Ming-xue3  DAI Qun-wei1,2  ZHANG Wei4  LI Qiong-fang3
1. Key Laboratory of Solid Waste Treatment and Resource Recycle (SWUST), Ministry of Education, Mianyang City, Sichuan province of China, 621010; 2. School Environment and Resource, Southwest University of Science and Technology, Mianyang City, Sichuan Province of China, 621010; 3. School Life Science and Engineering, Southwest University of Science and Technology, Mianyang City, Sichuan Province of China, 621010; 4.The Center of Analysis and Testing , Southwest University of Science and Technology, Mianyang City, Sichuan Province of China, 621010;. 

Corresponding Email: fqdong@swust.edu.cn, +86-816-6089013

The contamination of wastewaters by radionuclide and heavy metals is a worldwide environmental problem. This study aimed at using the (immobilized) microorganism such as yeast(Saccaromyces cerevisiae) to remove strontium (Sr) and heavy metal (Pb, Cd, Cu, Zn, Ni
) cations in simulated wastewater. The factors that effect biosorption capacity, such as pH, the dosage of biosorbent and the initial ion concentration were examined. 

The results indicated that yeast had best biosorption effect at optimum conditions, the highest metal ions uptake value was over 90%. The biosorption equilibrium conformed to the Langmuir and Freundlich isotherms when the initial concentration of strontium was below 250.0mg/L. The FTIR results revealed that cell wall was the major sorption sites and the –O-H, –C=O and –PO2- contributed to the major binding groups.

XRD analysis identified that strontium existed as SrSO4 when the strontium ions initial concentration was larger than 500mg/L and Sr3(PO4)2 when the strontium ions initial concentration was about 100mg/L in the ash of incinerated yeast cell sedimentation. The The volume decreasing ratio (VDR) and Weight Reduction Radio(WRR) was calculated with the weight of culture liquid sample or wet sedimentation and incinerated sedimentation. The VDR was larger than 1000 and WRR was 11.7 to 43.8. The biosorption by yeast cell combined with incineration/ashing was a potential radioactive waste disposal method for further treatment such as solodification.

For the biosorption of heavy metals, the results show that the metal adsorptive efficiency was above 90%. Under our experiment conditions, the biosorption of Pb2+ on dried waste beer yeast is a fast process. The biosroption quantity of Pb2+ on beer yeast cells was 47.6 mg.g-1 and the adsorption efficiency obtained was 91.6 % in first 30 min, then the metal uptake value obtained was 48.8 mg.g-1 and the adsorptive efficiency was above 94 % at 90 min. 
Keywords 　Biosorption; yeast (Saccaromyces cerevisiae); Strontium; Heavy metals; Ashing analysis

Bacterial extracellular polymeric substances as scaffolding for the precipitation and growth of magnesium-enriched carbonates

Gill Geesey, Montana State University, Bozeman, MT 59717

Xiqiu Han, Second Institute of Oceanography, SOA, Hangzhou, Zhejiang 310012

China

Bacterial extracellular polymeric substances (EPS) are thought to play a role in the precipitation of magnesium (Mg)-rich carbonates in marine bottom deposits, particularly at cold-seeps.  We hypothesize that the extracellular polysaccharide fraction of the EPS provides a scaffold around which carbonate precipitation occurs and that higher concentration of Mg ions relative to Ca ions associated with the extracellular polysaccharide promote Mg enrichment in the precipitated carbonate.  A series of experiments were initiated to determine whether the extracellular polysaccharide fraction of EPS produced by marine bacteria could promoted the precipitation of Mg-enriched carbonates in synthetic pore water formulated to resemble that which occurs in sediments of the South China Sea where Mg-riched carbonates have been found.  Filter-sterilized cell-free preparations of partially purified and purified extracellular polysaccharide from the marine bacteria Hyphomonas strain MHS and Pseudomonas atlantica, respectively, were incubated aerobically in sterile synthetic pore water at 12C in the presence and absence of Mg-enriched carbonates previously recovered from cold-seep sediments.  The pH of the pore water was periodically increased from ~7.4 to ~8.2 during incubation to simulate the pH increase that occurs in closed systems as a result of dissimilatory sulfate reduction.  The precipitates formed in these experiments after extended periods of incubation will be analyzed and compared with precipitates formed in the absence of EPS.  If the carbonate that precipitated around the polysaccharide is enriched in Mg ions relative to the precipitates formed in control reactions without polysaccharide, further experiments will be conducted to determine whether these polysaccharides exhibit selective binding of Mg ions compared to Ca ions in the artificial pore water.  The results should offer a microbiologically mediated mechanism for Mg enrichment in carbonate minerals formed in marine bottom deposits around cold-seeps. 

Detailed sulfur speciation yielding insight on microbial metabolism in hydrothermal systems

Gregory K. Druschel

University of Vermont Department of Geology, Rubenstein School of the Environment and Natural Resources, College of Engineering and Mathematical Sciences.

Sulfur geochemistry and mineralogy in hydrothermal systems can be fantastically complex; hundreds of intermediate inorganic and organic dissolved forms, elemental sulfur and sulfide mineral variability, and different gaseous sulfur forms coupled with a number of possible electron donor and acceptor configurations create a maze of possible reactions.  Microorganisms can additionally metabolize a number of forms of sulfur through oxidation, reduction, or disproportionation.  Our picture of sulfur chemistry in systems is often limited by the analytical tools we utilize, a task complicated by the fact that as soon as a sample is removed from its surroundings it begins to change.  

Au-amalgam voltammetric electrodes are ideal for the study of sulfur speciation as the strong interaction of reduced sulfur molecules with mercury makes many different sulfur species electroactive – these include sulfide, polysulfides, elemental sulfur (dissolved inorganic, organic complexed, nanoparticulates, and surfactant-stabilized nanoparticulates), thiosulfate, polythionates, and bisulfate.  Electodes can additionally be utilized over a wide range of scan speeds and scan types to measure sulfur species in situ and in real time, a key feature to provide accurate redox speciation analyses in natural systems.  Caution in use of these tools must be exercised however, for example we know that high sulfide levels can create analytical artifacts as multiple surface layers of sulfide build up on the amalgam surface; but that these artifacts can be minimized through careful choice of scan speed and depositional times and speciation of polysulfide and elemental sulfur accounted for relative to sulfide peaks.  Coupling these techniques to Raman and UV-Visible light spectroscopy in the field is a promising avenue to further refine our ability to investigate elemental sulfur mineral forms as a key part of this system.  

Our results have provided a range of chemical insights on the speciation of sulfur and elemental sulfur in Yellowstone National Park thermal waters.   Of prominent significance is the role of elemental sulfur and how it is present in these systems – as governed both by organic complexation and by nanoparticle size – and how particle size may be a critical part of reactivity in these systems under certain conditions.  This more specific picture of sulfur speciation in these systems adds additional information regarding the amount of potential energy available for microbial metabolisms and the ways in which microorganisms may interact with elemental sulfur as a substrate.

Formation of dolomite: insight from cold seep simulation experiment

Xiqiu Han (1) and Gill Geesey (2)
(1) Key Laboratory of Submarine Geosciences & Second Institute of Oceanography, State Oceanic Administration, Hangzhou 310012, China, (2) Montana State University, Bozeman, MT 59717 
Abstract

Seep carbonates from the northeastern slope of the South China Sea are dominated by high-Mg calcite and aragonite, with minor proto-dolomite, low-Mg calcite and pyrite. Normally, high-Mg calcite contains 8-20mol% Mg from other seeps around the world, however, some of our samples contained extremely high-Mg calcite with Mg as high as 38mol%. This approaches protodolomite composition, however, it still retains the structure of calcite. The seep carbonates are microbially mediated. The well-known processes of anaerobic oxidation of methane by consortia of Archaea and sulfate reducing bacteria (SRB) results in the precipitation of carbonate mineral phases. We hypothesize that protodolomite is transformed from extreme high-Mg calcite with time via microbial processes. To test this, we designed a series of mineral precipitation experiments. We used synthetic pore water formulae to resemble that of the sulfate-methane interface of the seep sites of the South China Sea. SRBs were inoculated and incubated anaerobically in sterile synthetic pore water at 20(C in the presence and absence of seep carbonates powder of known mineral composition. Our preliminary results show that due to the activity of SRB, the concentration of Mg in the solution decreases with the time, indicating that some of dissolved Mg may have been scavenged and precipitated. Further investigation including XRD, SEM and EDS analyses will be conducted to understand the incorporation of Mg in the solid phase. Our finding will probably shed some light on the long-standing “dolomite problem” in modern sedimentary geology.

This study was supported by National Science Foundation of China to X. HAN (40976040). 

Nitrogen Cycling in Yellowstone National Park Hot Springs
Hilairy  Hartnett
School of Earth & Space Exploration and Department of Chemistry & Biochemistry

Arizona State University

Nitrogen (N) is a key nutrient element and while our understanding of how organisms obtain and process N in aquatic and terrestrial systems has advanced markedly, our ignorance of these biogeochemical processes in extreme environments (e.g., hot springs) is almost complete. N cycling has been examined in detail from the perspectives of both ecology and molecular biology perspective. In situ process rate measurements provide critical biogeochemical context for genomic and metabolomic studies. They provide a direct link between the metabolisms active in the ecosystem and the diversity of functional genes present. 

In summer 2009, we conducted a series of 15N-tracer measurements to examine N cycling in Yellowstone National Park hot springs. These experiments were coupled with detailed measurements of hot spring geochemistry and functional gene analysis. We amended biofilm incubations with either 15NO3-, 15NH4+, or 15N2. After 3 to 5 hours samples were collected for analysis of 15N2O, 15N2, and particulat 15N by continuous-flow isotope ratio mass spectrometry. Preliminary results reveal that a variety of autotrophic and heterotrophic nitrogen processing metabolisms are active in the hot springs. Results from a slightly acidic hot spring (pH ~5, T = 55 ºC) indicate the production of 15N2O in incubations with 15NO3- addition but not in those with 15NH4 addition. The nitrogen isotope composition of the N2O produced also became enriched over the course of the incubation period. Taken together, these results indicate that denitrification was occurring in this spring and that no nitrification could be detected. Nitrate concentrations in the spring were relatively low (0.7 (M kg-1), consistent with the presence of reactions that consume NO3-. In previous years the spring has also shown low but measurable amounts of dissolved organic carbon (82 (M kg ‑1), a necessary component for heterotrophic denitrification. Most N-cycle processes use enzymes with specific trace metal co-factors and these process rates can also be related to the trace element distributions present in the hot springs. These are some of the first direct measurements of denitrification in Yellowstone hot springs. When these results are coupled with ongoing analyses of (15N in the biomass, the N2 gas, as well as dissolved nitrate and ammonia pools, they will provide one of the most complete pictures of N-cyling in hotsprings to date that can guide future genomic and metabolomic studies. 

A Microfluidics Platform for Single-Cell Genomics: Some Preliminary Results from Great Basin Hot Springs

B. P. Hedlund1, J. A. Dodsworth2, P. Blainey, S. Quake

1School of Life Sciences, University of Nevada Las Vegas

2Departments of Bioengineering and Applied Physics, Stanford University

Building on recent advances in DNA sequencing technology, microbiologists have stepped up efforts to understand whole microbial communities through deep phylogenetic surveys and metagenomic analyses. One major outcome of this “environmental genomics revolution” is our increasing awareness of the vastness of microbial diversity that extends well beyond what has been revealed by traditional microbial cultivation. Although there is no doubt that new species of cultivated genera hide fantastic secrets, it may be argued that there is no greater mystery in microbiology than the yet-unknown activities of major lineages of microbes that have defied >125 years of cultivation efforts (candidate classes and phyla). Because many of these groups are typically outnumbered in nature, achieving even a shallow understanding of the activities and ecological roles of these organisms is profoundly difficult. We have overcome this problem by identifying geothermal springs in the US Great Basin that appear to be dominated by novel lineages and by developing and successfully implementing a work flow to access genomes amplified from single cells isolated by using optical traps and custom-made microfluidic chips. Initial efforts to implement this work flow on “dark matter” groups from these springs have been enormously successful and we are now poised to attack this problem on a large scale.

Analysis of the Meta-Transcriptome of an Ammonia Oxidizing Archaea Population

James T. Hollibaugh, Scott Gifford, Nasreen Bano, Shalabh Sharma, and Mary Ann Moran

Department of Marine Sciences, University of Georgia

We conduct regular sampling of bacterioplankton transcriptomes at a station on Sapelo Island, Georgia (Marsh Landing, 81.295941 W, 31.417585 N, see) as part of the SIMO project (http://simo.marsci.uga.edu/).  qPCR analysis of DNA from a sample (August 2008) collected as part of this effort revealed a >400-fold increase over background levels in ammonia oxidizing archaea (AOA) ammonia monooxygenase (amoA) gene abundance, while ammonia oxidizing bacteria (AOB) amoA gene abundance was 2.3 fold greater than background.  Analysis of transcriptome samples collected at the same time provided an opportunity to compare the response of AOA to this event.  

We obtained ~2 million pyrosequencing reads from this sample, of which 560,395 (median length 244 bp; range 430 – 47 bp), could be assigned by BLASTx to ORFs annotated in the RefSeq (NCBI) protein sequence database with bit scores >40.  3.1% (17,386 sequences, median length 236 bp, range 47-360 bp) of these reads were assigned to ORFs from Marine Group 1 Crenarchaeota (Thaumarchaeota) genomes, with most assigned to Nitrosopumilus maritimus SCM1.  These reads represented 791 different N. maritimus ORFs (44% of the 1,797 annotated ORFs in this genome).  Inclusion of an internal standard allowed us to estimate that the Thaumarchaeota contained 168 transcripts per cell on average, compared to an average of 190 transcripts per Bacteria cell in the same samples.  

Most ORFs were only represented by one or a few reads; however, 34 were represented by 50 or more reads and accounted for 78.8% of the reads assigned to Thaumarchaeota.  Approximately 50% of the Thaumarchaeota reads were assigned to hypothetical proteins.  Gene Nmar_1547, a hypothetical protein 1734 amino acids in length, received the greatest number of hits, 3,812.  This sequence is similar (BLASTx bit scores 2917 and 1477, e=0) to two other genes that were also highly represented in the transcriptome, Nmar_1201 and CENSYa_0161.  Reads assigned to these genes account for 31% of the Nitrosopumilus-like reads.  5,564 (32%) of the Thaumarchaeota reads could be attributed to ammonia oxidation (ammonia permease, amoABC).  AOA reads also contained hits to components of carbon fixation pathways, but at much lower levels. 

None of the 2,651 reads assigned to AOB were assigned to genes involved in ammonia oxidation and only 2 reads were assigned to RuBisCO genes.  The difference in expression patterns between ammonia oxidizing Thaumarchaeota and Proteobacteria suggests that they respond very differently to natural variation in ammonia concentrations.  AOA may compensate for limitations imposed on ammonia uptake rates by high affinity uptake systems by elevated expression (production) of ammonia permease.  Elevated expression (production) of ammonia monooxygenase may contribute to this strategy by ensuring that internal ammonia/ammonium concentrations remain low, facilitating uptake and reducing diffusive loss of ammonia. Alternatively, turnover of high affinity AOA enzymes may be higher.

Ecohydrology of deep fractured rocks at homestake DUSEL
Thomas L. Kieft (New Mexico Tech), David F.  Boutt (Univ. Mass.-Amherst), Larry C. Murdoch (Clemson Univ.), Herbert F.  Wang (Univ. Wisconsin-Madison), Duane P. Moser (Desert Research Inst.), T. C. Onstott (Princeton Univ.)

The Deep Underground Science and Engineering Laboratory (DUSEL) in the former Homestake gold mine in South Dakota is proposed primarily for the study of high-energy particle physics, but it will also provide an unprecedented opportunity to study the geomicrobiology of the terrestrial subsurface.  Such a study could fundamentally change the way we view the origin and early evolution of life on Earth, the search for novel materials, and the generation of energy. Knowledge of subsurface life has come from only a few boreholes and deep mines.  DUSEL will enable the first detailed study of a deep ecosystem in the context of the hydrology, geochemistry, and rock system state that sustain it. We are guided by the over-arching question: What controls the distribution and evolution of subsurface life?  Our hypothesis is that these controls are dominated by processes related to geology, geochemistry, geomechanics, and hydrology.  Themes of scaling and the development of facies, or zones of similar characteristics, cut across all the processes. Ten hypotheses are currently guiding this investigation: 1. Biochemical reactions and metabolism are strongly influenced by enveloping rock type and fluid flow rate. 2. Alteration, dissolution, and precipitation reactions in rock are mediated by microbes.   3. Subsurface ecosystems are bounded at depth by temperature. 4. In situ stress affects deep life by controlling the distribution of permeability along fractures.  5. The diversity, density, and transport efficiency of microbes increase with fracture connectivity and the scale of percolating fracture networks.  6. Microbes both affect the composition of dissolved compounds in ground water, and are affected by the concentration and species of these compounds. 7. The transport of microbes in the deep subsurface is controlled by advection in flowing ground water and sorption to pore surfaces.  8. The diversity and concentration of subsurface life are affected by the flux of mass and heat.  9. The scaling of state variables (stress, strain, temperature, and pore-fluid pressure) and constitutive properties (permeability, porosity, modulus, etc.) in a large heterogeneous system can be inferred by evaluating data in core, boreholes, individual drifts, and the entire DUSEL.  10. Microbial composition will be correlated with environmental conditions grouped into spatial zones, or facies, and will provide a construct that is transferrable to other subsurface ecosytems.  The ecohydrologic setting of DUSEL Homestake is characterized by a vast expanse of fractured metamorphic rock cut by 100s of km of tunnels and boreholes.  Many km3 of the region have been highly affected by mining activities; adjacent regions are partially desaturated; and more distal regions are pristine and presumed to harbor indigenous microbial ecosystems. Simulations along with descriptions of the mine suggest division into zones, or ecohydrologic facies, where essential characteristics related to the requirements for life are expected to be similar.  These ecohydrologic facies are a primary organizing principle for our investigation. The Deep EcoHydrology Experiment will consist of field studies supported by numerical simulations.  The experimental activities include a particularly exciting opportunity to probe the lower limits of the biosphere  using deep drilling technology deployed from the lowest reaches of the facility (2250 m below the surface).  The use of the flooding/dewatering event as a tracer combined with hydrologic and mechanical stressors form a theme that cuts across many of the experimental activities. Five key experimental activities have been identified that will enable motivating hypotheses to be tested: 1) Initial Characterization, 2) Flow System, 3) Stress and Deformation, 4) Exploration, and 5) Cross-cutting activities.  The International Continental Drilling Program has approved a preproposal for a an ICDP ecohydrology project at DUSEL.  The development of a long-term deep geosciences observatory at the Homestake DUSEL will revolutionize the field of deep sub-surface ecohydrology.  The opportunities for young scientists and international participation in such a facility will be tremendous.  Results from the work will have wide ranging implications as 20% of the current earth’s surface consists of a similar geologic setting. DUSEL will also facilitate experiential learning for K-12 through graduate students working alongside world-class geoscientists.  

Environmental change in the Tibetan Plateau from saline lake records in late Quaternary: a chronological frame

ZhongPing Lai

Luminescence Dating Group, Key Lab of Salt Lake Resources and Chemistry, QingHai Institute of Salt Lakes, Chinese Academy of Sciences, 18 XinNing Rd, 810008 XiNing, P.R. China. Email: zplai@isl.ac.cn 
Abstract 

Palaeo-mega-lakes with much higher-than-present lake levels had been reported in the Tibetan Plateau, where the lakes today are in general saline. Due to its proximity to the junction of three climate systems (the East Asian monsoon, the Indian monsoon, and the Westerlies), the Qaidam basin and Qinghai Lake of the North-eastern Tibetan Plateau is one of the most sensitive regions to climate change in the world. Lake levels up to c 140 m higher than present have been observed in this area, indicating dramatic difference in environmental conditions from today. The formation of the salt lake/playa in the Qaidam basin is a response to palaeoclimatic changes. When climate shifted from warm-humid to cold-dry conditions, the fresh-water lake shrank, gradually leading to the formation of halite. The cycles of “fresh water to saline water and its reversal” have been repeated many times, and the lacustrine deposits contain records of these environmental changes. 

Controversy existed in the chronology of the high lake levels. Based mainly on 14C dating, the high lake levels occurred during the late MIS 3 (~40-25 ka), while a growing body of data from luminescence dating suggested that the high lake levels was in the MIS 5 (~70-130 ka). 

When the climate shifted from warm-humid to cold-dry conditions, the associated desiccation will result in occurrence of aeolian activity, due to the exposure of vast lacustrine deposits. Aeolian deposits transported by northwest wind started to accumulate in the southeast of the Qaidam basin. Therefore, the timing and the spatial distribution of the aeolian sediments in the Qaidam basin will facilitate our understanding of environmental changes, possibly corresponding to a lower lake levels. Timing of human migration from the lowland to the highland will also enhance the understanding of the environmental process, with human occupation indicating a mild and humid condition. 

Chronology will play a key role in understanding the evolution of geomorphology and the driving force of the dramatic environmental change. Luminescence dating is using the sediment itself, quartz or feldspars, as dating materials, so to date directly the climate event. 

Recently, we undertake a multi-discipline project which aims: (a) to reconstruct the palaeoenvironment in the Tibetan Plateau since the last interglaciation; (b) to better understand the timing of aeolian accumulation and salt lake evolution; (c) to understand the timing of the human inhabitation/migration to the Tibetan Plateau. We will report here the up-to-date results of the on-going project, especially the chronological progress from the luminescence dating work. The dramatic environmental changes (from fresh to saline water condition and its reversals in the high plateau) since the late Quaternary will make it ideal for the study in microbial ecology.

Role of microbial carbonic anhydrase as an activator 

in calcite dissolution and precipitation 

Wei Li, Long Jiang Yu*, Li Ping Liu, Weishan Chen, 

Long Cao, Li Ping Jia, Peng Peng Zhou

Institute of Resource Biology and Biotechnology, College of Life Science and Technology, Huazhong University of Science and Technology, Wuhan 430074,China

*Corresponding author (e-mail: yulongjiang@mail.hust.edu.cn)

Abstract: Calcite dissolution and precipitation is considered important in nature with respect to its role in a lot of geological processes, global carbon cycle, as well as applications of Geological and Civil Engineering, and protection of lithic landscape and stone carving cultural relics. Although microbially mediated calcite dissolution and precipitation has been realized, their mechanisms remain incompletely understood. The role of microbial carbonic anhydrase has been less reported in calcite dissolution and precipitation. Carbonic anhydrase(CA), which is widespread in animals and plants, and prokaryotes, can catalyze the interconversion of CO2 and HCO3-(CO2+H2O
[image: image1.wmf]Û

HCO3-+H+), which would then influence on calcite dissolution or precipitation under certain conditions. Three experimental systems (redistilled water, microbial origin CA enzyme solution supplemented with CA inhibitor, and crude enzyme solution of microbial CA) were set up to investigate whether CA from microorganisms plays the driving role in limestone dissolution. The results showed that the amount of released Ca2+ from limestone in a CA non-inhibited system was higher than that in a CA inhibited system, and was far higher than that in the redistilled water control. These experiments demonstrated that microbial origin CA significantly enhanced Ca2+ release from limestone, and therefore proved the significant driving effect of microbial CA on limestone dissolution. On the other hand, two types of experimental systems with and without bacteria which could produce extracellular CA were investigated to determine microbial CA role in calcite precipitation. The results showed that CA from bacteria could promote calcite precipitation as an activator though the inhibition of calcium deposition in the presence of CA inhibitor in both experimental systems. Then, the CaCO3 precipitation rate and its crystal morphology induced by microbial CA and other four reported biological factors (bovine CA, bovine serum albumin, carboxymethyl chitosan, and glutamic acid) were further investigated to confirm the promotion role of microbial CA in calcite precipitation. The results showed that the precipitation rate of Ca2+ in the presence of either microbial CA or bovine CA was faster than that in the presence of 1% bovine serum albumin, 1% carboxymethyl chitosan, or 1% glutamic acid, respectively. In addition, XRD analysis indicated that calcite was the dominant mineral phase. There were obvious differences in the size and morphology of calcite crystals induced by microbial CA and other biological factors from FESEM analysis. These results further demonstrated that microbial CA could promote calcite precipitation. This work has been supported by the National Natural Science Foundation of China (No.40302034 and 40772202).
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The Geobiology of Volcanic Hot Springs From Kamchatka, Russia
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The volcanic hot spring deposits from Kamchatka, Russia were examined by scanning electron microscopy and transmission electron microscopy equipped with energy dispersive spectroscopy. Those hot springs include Burlyashii, Oil pool, Zavarzin, Thermophile and Jen’s vents, which were previously reported for microbial ecology and mineralogy. Opal A spheroids are common in all hot spring sediments with particle size from <20 nm to 50 nm. Euhedral single quartz nanoparticles of ~700 nm crystallized from Opal-A can be observed scattered on the surface of anhedral sediments. Anthigenic kaolinite of sharp faces can be observed in all hot springs with Si, Al and O as major compositions and having flaky- and scale-like structures. Iron sulfides are common with a wide spectrum of crystal sizes and morphologies. Small pyritic iron sulfides have octahedral shape with crystal size around ~20-80 nm; while pyrite crystals of ~200 nm to 500 nm and these >1 um have cubic structure. The small pyrite crystals are also observed assembled to bigger cubic shapes, showing an ostwald ripening process. There are also spheroid shaped, ~1 um size pyritic aggregates with rough surface which showed a sulfate-reducing bacteria mediated formation of iron-sulfides. Fibrous and tabular gypsum crystals can be observed coexisting with sulfides, indicating local oxidation condition. Euhedral crystals of element sulfur of ~30 um can also be observed. Magnetic minerals are abundant in Jen’s vents, however, no magnetite can be detected, implying the existence of magnetic iron sulfides though thermophilic ironreducing bacteria were isolated from some springs. Detrital quartz and silicates of larger sizes can be observed in some hot spring, showing water-rock interaction induced corrosion structures. The high abundance of iron sulfide minerals and the high percentage of menaquinones in sinter deposits indicated highly reduced conditions. The common existences of submicro- to nano-meter authigenic minerals, the abundant bacteria filaments, biofilms and diatoms indicate microbial mediation is a significant factor in the mineralization of those minerals in the hot springs.

Thermoacidophilic Sulfolobus from hot springs of Tengchong, Yunnan, China
Lin Lianbing1, Han Jian1, Chen Bo1, Dai Xin2, Wei Yunlin1

 (1Biotechnology Research Center, Kunming University of Science and Technology, Kunming 650224, Yunnan, China)

(2Institue of Microbiology, Chinese Academy of sciences, Beijing 100101, China)
Abstract
Strains of Sulfolobus have been regarded as model organisms for investigating the inheritance mechanism of thermophilic archaea. They were widely distributed in acidic hot springs around the world. Eleven thermoacidophilic strains isolated from six acidic hot springs in Rehai of Tengchong, Yunnan province were identified by analysis of their 16S rRNA gene sequences. Besides, their morphological characterization of cells, 16S rRNA gene hypervariable region sequences and16S rRNA gene similarity were compared to explore the diversity of Sulfolobus distributed in Tengchong Rehai. The results showed that the 16S rRNA gene sequences of eleven Sulfolobus strains have the similarity of 85.8%-94.9% to that of the eight Sulfolobus type strains, and 96.6%-97.5% to that of Sulfolobus tengchongensis RT8-4. Thus, the eleven strains should belong to genus Sulfolobus and would represent the novel Sulfolobus species. This was demonstrated by the existence of special 16S rRNA gene hypervariable region in Tengchong Sulfolobus sp., and formation of three unique clusters on the phylogenetic tree. 

Sulfolobus were relatively easily cultivated on a variety of carbon sources and distribution of GDGTs in Sulfolobus was investigated recently. But the relationship between culture conditions (temperature range, pH range, utilization of carbon compounds, chemolithoautotroph) and the distribution of GDGTs, GDGTs distribution in different species from special hot springs were not further studied. Special GDGTs might be served as a biomarker for distribution of Sulfolobus sp.? 
Supported by the National Natural Science Foundation of China (No. 30660009 and 30660022) and State Key Laboratory of Microbial Resource, Institute of Microbiology, Chinese Academy of Sciences (SKLMR-080605). Email: linlb@sohu.com.

Bioreduction of goethite by Methanosarcina barkeri
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Goethite is a secondary mineral commonly found in acid mine drainage. It is of great significance to evaluate its stability under anaerobic conditions due to its potential as an adsorbent of toxic metals in AMD affected areas. In this research a mesophilic methanogen，Methanosarcina barkeri was used to reduce goethite under strict anaerobic condition with H2 as substrate. The reduced Fe2+ in the solution was monitored with wet chemistry and the residual solid phase was characterized by X-ray diffraction (XRD) and scanning electronic microscopy (SEM). Results showed that M. barkeri was capable to reduce the crystalline Fe(III) in goethite with the given condition and anthraquinone-2,6-disulfonate (AQDS) greatly enhanced the reduction extent as a electron shuttle. Both dufrenite and vivinite were detected in microbial inoculated systems with the presence of AQDS while only dufrenite was detected in the inoculated system without AQDS as well as in chemical controls. Particle aggregation was observed in AQDS systems and the sizes increased over time, which might result from the adsorption of reduced Fe2+ on the surface of minerals or the excretion of EPS by M. barkeri. Since inhibition of methanogenesis has been demonstrated due to iron reduction by methanogen, our results might play important role on methane dynamics, and subsequently on global carbon cycles.
Probing the ecology of carbon, nitrogen, and hydrogen cycling in the Yellowstone Geothermal Complex

John W. Peters1*, Eric S. Boyd1, Trinity L. Hamilton1, Rachel K. Lange1, John R. Spear2, and Matthew Lavin3
1Department of Chemistry and Biochemistry and the Astrobiology Biogeocatalysis Research Center, Montana State University, Bozeman, Montana 59717
2Division of Environmental Science and Engineering, Colorado School of Mines, Golden, Colorado 80401
3Department of Plant Sciences, Montana State University, Bozeman, Montana 59717 

Metalloenzymes catalyze a number of fundamental processes including carbon dioxide fixation (primary productivity), nitrogen fixation, and hydrogen metabolism.  Many of these processes are thought to play an important role in structuring the biodiversity of microbial communities that inhabit geothermal springs.   We are investigating the distribution and phylogenetic diversity of a metalloenzyme-encoding genes along physical and chemical gradients in geothermal springs in Yellowstone National Park, Wyoming to better understand the forces that influence patterns of biodiversity and biogeography.  The approach that we are utilizing rests on the tenet that phylogenetically similar lineages are ecologically similar, since species traits are conserved during the evolution of a lineage.   We applied this theory to examine the forces that have shaped the ecology and evolution of genes encoding the [FeFe]-hydrogenase (hydA) as a proxy for H2-producing fermentative bacteria, the nitrogenase iron protein (nifH) as a proxy for biological N2 fixation, and the protochlorophyllide reductase (chlL/bchL) as a proxy for phototrophic organisms.   Phylogenetic reconstruction of genes recovered from YNP springs were then used to generate metrics of gene assemblage similarity across communities.  Model selection was then used to quantitatively rank various candidate models in their ability to explain the phylogenetic relatedness of gene assemblages.  This approach, when applied to HydA assemblages, indicated that models that incorporate among site geographic similarity and environmental pH similarity as explanatory variables of among community HydA relatedness were the best supported by the data.  This evinces the dispersal limitation imposed by the geothermal spring environment on HydA phylogenetic diversity even at small spatial scales, and suggests the ecology related to pH imposes strong phylogenetic niche conservatism.  Interestingly, this approach when applied to NifH assemblages, also indicated that models that incorporate among site geographic similarity as explanatory variables of among community NifH relatedness were the best supported by the data.  Thus, like HydA, NifH communities also appear to be dispersal limited in the YNP geothermal complex.  Importantly, NifH communities were also distributed along axes of temperature and conductivity similarity, suggesting that these communities have evolved in response to these variables and underscoring the susceptibility of these communities to changes in these variables.  

Microbial Community Evaluation in Reclaimed Mine Soils

Susan Pfiffner1 and Tony Palumbo2
1University of Tennessee, Knoxville, TN

2Oak Ridge National Laboratory, Oak Ridge, TN

Changes in the microbial community structure and diversity of reclaimed mine soils amended with fly ash, biosolids, and sawdust for the potential enhancement of carbon accumulation were examined using molecular biology techniques (membrane lipids and nucleic acid analyses). We hypothesized that (1) soil amendments would cause changes in the structure of the microbial community and carbon content, (2) changes in the structure of the microbial community would vary between the types of amendments, and (3) molecular analyses would provide insight in to the relationship between soil geochemistry and microbial community. Twenty soil samples were taken at different soil depths from plots of land that were previously mined. Phospholipid profiles of fungal and bacterial community components varied among sites, amendments, and depth. Principle component analysis (PCA) on selected phospholipids revealed that fungal indicators predominated in the pine forest samples and bacterial PLFA indicators predominated in the pasture samples. In addition, the PCA distinguished between control and amended plots and soil depth. These microbial community changes were significantly correlated to the carbon and nitrogen content. Fungal diversity was examined by terminal restriction fragment length polymorphism (TRFLP). TRFLP results were compared to sequencing of 18S clones revealing total diversity was higher than measured by both methods.  The diversity and increase of bacterial and eukaryotic indicator provide evidence that reclamation activities resulted in carbon accumulation and increased microbial biomass in these soils. 

Potential Impacts of Geologic Carbon Dioxide Sequestration on Subsurface Microbial Communities

 

T. J. Phelps1* and S. M. Pfiffner2, 

1Oak Ridge National Laboratory, Oak Ridge, TN

2University of Tennessee, Knoxville, TN

 

Field experiments injecting carbon dioxide into deep subsurface formations have been conducted at the Frio brine aquifer in Liberty County, Texas and are ongoing at a site in Mississippi.  CO2 was injected into several m thick high permeability intervals >1500 m below land surface.  Migration of plumes was monitored by sampling observation wells ~30-150 m distant.  Plume migration was monitored by quantifying conservative tracer concentrations.  Limited efforts examined impacts of the CO2 plume on the microbial communities.  To monitor microbial communities, aquifer fluids (<30L) were filtered through 0.3 µm in-line nylon filters and immediately frozen.  Microbial community analyses included membrane lipid assays for phospholipid fatty acids (PLFA).  Upon arrival of the CO2 plume at a ~30m distant observation well ( ~ 50 hr) the PLFA increased four-fold, from 270 pmol/L to 1600 pmol/L (corresponding to ~ 4 x 107 cells/L).  After breakthrough of the supercritical CO2 plume monounsaturated PLFA predominated over saturates, although terminally branched saturates increased.  Responses to environmental stress included a >10-fold increase in the trans/cis ratio of 16- and 18-carbon PLFA.  Two years post injection cyclopropyl fatty acids predominated in the injection well indicative of longer term stressful conditions, while samples from the observation well appeared more stable with increased mid-branched and polyunsaturated fatty acids.  Abrupt changes in microbial biomass and community composition were dramatic upon arrival of the CO2 plume with a different community structure appearing over time. 

Comparative Research of Microbial Activity and Soil Fertility

in Different Land Use Patterns

Li Qiang, Cao Jianhua, Gao Xi, Yuan Daoxian

Institute of Karst Geology, CAGS, Karst Dynamics Laboratory, MLR, Guilin 541004, China;

Abstract: The difference of land use patterns will have a profound impact on long-term evolution in soil properties, and this evolution also have a greater impact on the growth and development of micro-organisms. With the differences of land use patterns, the population size and composition of soil microorganisms are also bound to have some degree of differences, and these differences will in turn, have an effect on the improvement and maintenance of soil structure and fertility. 

Therefore, the research of effects of different land use patterns on microbial activity and soil fertility will provide a theoretical basis to the evaluation of soil quality, soil fertility maintenance and nurturing, as well as the protection of soil biodiversity. The research in this paper mainly consider the soil in Guilin Mao village of the two regions (the karst area and non-karst area) in different land use patterns (forest, bushes, grass) as the study goal, to study microbial activity and soil fertility in different land use patterns.

1. Effects of different land use patterns on the number of soil microbes. The total number of soil microbial in different land use patterns in karst area is overall expressed as woodland> bush> grassland, while it in non-karst area in different land use patterns is overall expressed as grassland> woodland> bush. The trends in the total number of micro-organisms and the number of bacteria are same, while the trends of actinomycetes and fungi are not obvious. For the same type of land use patterns, the total number of soil microorganisms, bacteria, actinomycetes are expressed as the number of the karst area of> non-karst areas, the number of fungi are in addition to the performance of non-forest land outside the karst area of> the karst area, which is made up of different types of micro-organisms biological characteristics of the decision. In same land use patterns, the total number of soil microorganisms, the number of bacteria and the number of actinomycete are all expressed as karst area > non-karst area, while the number of fungi except the woodland are all expressed as non-karst area > karst area, which is decided by the biological characteristics of different types of micro-organisms.
2．Effects of different land use patterns on soil microbial biomass carbon. The soil microbial biomass carbon in different land use patterns in karst area is overall expressed as woodland> bush> grassland, the trends are consistent with the trends of the number of micro-organisms.The soil microbial biomass carbon in different land use patterns in non-karst area is overall expressed as woodland> grassland> bush, the trends are inconsistent with the trends of the number of micro-organisms. The soil microbial biomass carbon in same land use patterns are all expressed as karst area > non-karst area. The microbial biomass carbon and the number of micro-organisms have positive correlation to some extent.

3． Effects of different land use patterns on soil fertility. As the differences in rock lithology, the soil pH in karst area is generally higher than that in non-karst area, and the soil pH in in karst area and non-karst area in different land use patterns are all expressed as grassland> bush > woodland. The contents of soil organic material, total nitrogen and fast-acting nitrogen in same land use patterns are all expressed as karst area > non-karst area, while these in different land use patterns are all expressed as woodland> bush> grassland in karst area and non-karst area. The contents of soil total phosphorus in same land use patterns are all expressed as karst area > non-karst area, while in different land use patterns, the contents in karst area are expressed as bush> grassland> woodland, and in non-karst area are expressed as grassland> bush> woodland.

The contents of soil total potassium in same land use patterns are all expressed as non-karst area > arst area, while in different land use patterns, the contents in karst area are expressed as bush> woodland> grassland, and in non-karst area are expressed as grassland> bush> woodland. The contents of soil fast-acting phosphorus in same land use patterns are all expressed as karst area > non-arst area except the grassland, while the contents in different land use patterns are all expressed as grassland> woodland> bush in karst area and non-karst area.  The contents of soil fast-acting potassium in same land use patterns are all expressed as karst area > non-arst area except the grassland, while in different land use patterns, the contents in karst area are expressed as bush> woodland> grassland, and in non-karst area are expressed as grassland> bush> woodland. According to correlation analysis, we can see that microbial biomass carbon and the total number of micro-organisms can be used as an important indicator to assess the soil quality and fertility.

4. Effects of different land use patterns on activities of soil enzyme. The activities of sucrose and urease in same land use patterns are all expressed as karst area > non-karst area. In different land use patterns the activities of soil catalase and sucrose in non-karst area and the activities of soil urease, catalase and sucrose in karst area are all expressed as woodland> bush> grassland, except that the activities of soil urease in non-karst area are expressed as woodland> grass> bush. According to correlation analysis, we can see that the activities of soil urease, catalase and sucrose can be consider as better soil fertility indicators in karst area, while the activities of soil sucrose can be consider as better soil fertility indicators in non-karst area. 

5. Effects of different land use patterns on bacterial genetic diversity. According to the research that to study bacterial genetic diversity in different land use patterns using the technology DGGE, we can see that the species richness of soil bacterial in different land use patterns are all expressed woodland> bush> grassland, which is related to the diversity of different vegetation in different land use patterns. The dominant bacteria have no significant difference in different land use patterns.

Key words: land use; the number of micro-organisms; microbial biomass carbon; soil fertility; soil enzyme activity; DGGE

Novel mode of AMD production: a photochemical process linking 

semiconducting sulfide minerals oxidation to microbial energy metabolism

Yan LI*, Anhuai LU

School of Earth and Space Sciences, Peking University, Beijing 100871, China (*liyan-pku@163.com)
Metal sulfide oxidation in the surficial zone of the earth results in the environmental problem known as Acid Mine Drainage (AMD).  As one of the most abundant semiconducting sulfide mineral in nature, natural sphalerite is a major contributor to AMD.  Acidithiobacillus ferrooxidans (A.f.), which is a chemoautotrophic bacterium that is commonly found in mineral-rich environments such as mines, mine waste and other geological formations, can thrive in the low pH regions associated with AMD.  As is well known, the presence of A.f. can markedly increase the oxidation rate of sulfide minerals.  Recently, we studied the interactions between semiconducting minerals and microorganisms, and found semiconducting mineral photocatalysis could provide accelerated pathways for microbial energy metabolism.  Typically, the interaction between natural sphalerite with A.f. was investigated by using a fuel cell-like device with and without light irradiation.  The rate of sphalerite oxidation, quantum conversion efficiency from sphalerite photocatalysis to A.f. and cell density under different light controls were calculated and compared.  The results showed both the oxidation rate of sphalerite and the growth rate of A.f. were accelerated in light.  The discovered interactive pathway between sphalerite and A.f. linked semiconducting sulfide minerals oxidation to microbial energy metabolism via a photochemical process, and was considered as a novel mode accounting for AMD production.

Synergism between semiconducting minerals and microorganisms and its environmental significance

Anhuai LU *, Yan LI

School of Earth and Space Sciences, Peking University, Beijing 100871, China (*ahlu@pku.edu.cn)
Semiconducting minerals exist in great quantities at the earth surface, and their role as solar light-induced photocatalysts promotes redox reactions via using their conduction band as a conduit for electron transfer between aqueous redox species in natural environments.  Microorganisms are also abundant in mineral rich environments, and they derive electrons and energy for growth from their chemical environments, by transferring electrons from reduced to oxidized chemical species.  Since both of them act as conduits for electrons transfer, the potential involvement of microorganisms in photochemical processes may universally occur at the semiconducting mineral surfaces.  Based on this hypothesis, a novel synergistic process between semiconducting minerals and microorganisms were proposed and testified in a so-called light fuel cell (LFC) system.  In this system, electrochemically active bacteria were involved in the anode, while a class of semiconducting mineral-based catalysts (rutile, hematite, goethite, sphalerite, pyrrhotite, etc.) were used as the cathodes.  The results indicated that microorganisms could use visible light-excited semiconductor minerals as the electron acceptors in their electron transport chain.  The energy conversion efficiency of each reaction interface was calculated in terms of coulombic efficiency (CE), fill factor (FF) and incident monochromatic photon to current conversion efficiency (IPCE).  Further experiments were conducted to evaluate its prospects in environmental application.  A broad range of species (e.g., hexavalent chromium, azo dyes and landfill leachate) were effectively photoreduced or degraded in such a LFC system.  This work not only offered a novel viewpoint of interactive mechanism between biosphere and geosphere, but also had important significance in environmental treatment.

Magnetotactic bacteria: Their magnetism and biomineralization

Yongxin Pan

Biogeomagnetism group, Institute of Geology and Geophysics, Chinese Academy of Sciences, Beijing 100029, China. Email: yxpan@mail.iggcas.ac.cn
Since magnetotactic bacteria (MTB) was discovered in 1960-70s, MTB and their intracellular synthesized magnetosomes are of great interests in understanding fine-grained particle magnetism, biological controlled biomineralization, iron cycling in aquatic environments, magnetic biomaterials and even biomarker of extraterrestrial life. Magnetosomes comprise membrane-enveloped, nano-sized crystals either the iron oxide magnetite Fe3O4 or iron sulfide greigite Fe3S4, which are usually arranged in a linear chain or chains that enable MTB cells to align and swim along the geomagnetic field (i.e., magnetotaxis). The synthesis of magnetosomes is highly biological controlled, leading to formation of perfectly shaped, sized, and chemical pure magnetic crystals. In this paper, I am to present recent progresses in hunting MTB in Chinese and German lakes, including detecting methods, their diversities and possible environmental significances. I will also briefly address a new MTB database (http://database.biomnsl.com/) that was recently built by our group. Then, I will report integrated investigations of a giant rod, Magnetobacterium bavaricum or M. bavaricum-like, and their bullet-shaped magnetosomes via magnetic measurements and transmission electron microscopy observation. Biomineralization, crystallography and magnetic properties of those bullet-shaped magnetite magnetosomes will be discussed.
Iron Transformations in an acid mine drainage-impacted system in southeastern Ohio, USA.

John M. Senko1*, Doug Bertel1, Justin Brantner2, Sushil Sivaram3, and Teresa Cutright3
1Department of Geology and Environmental Science, 2Department of Biology, and 3Department of Civil Engineering, The University of Akron, Akron, OH 44313, USA

*senko@uakron.edu

We examined biogeochemical processes associated with an acid mine drainage (AMD)-impacted system in southeastern Ohio, USA (called the Mushroom Farm) in which dissolved Fe(II) (10 mM) is oxidatively precipitated from AMD as the fluid flows approximately 30 m over the terrestrial surface.  In the 17 years that the AMD has been flowing in this fashion, the oxidation of Fe(II) and subsequent precipitation of Fe(III) has led to the accumulation of a 12 cm layer of Fe(III) (hydr)oxide “crust” over formerly pristine soil, suggesting an Fe(III) (hydr)oxide accumulation rate of 0.7 cm/yr.  Depth-dependent characterization of Fe(III) phases in cores recovered from the Mushroom Farm revealed the post-depositional transformation of relatively amorphous Fe(III) (hydr)oxides in recently-formed, near-surface sediments to goethite-containing phases in older and deeper sediments.  Such post-depositional transformations of Fe(III) phases have been previously observed in similar systems (Peretyazhko et al., 2009), and may be enhanced by the activities of sulfate-reducing bacteria.  To determine how soil-associated microbial communities respond to intrusion of AMD, we incubated formerly pristine soil with Mushroom Farm AMD.  Non-sterile soil incubated with non-sterile AMD exhibited higher rates of Fe(II) oxidation compared to non-sterile soil with filter sterilized AMD or sterilized soil with non-sterile AMD, suggesting that the greatest rates of Fe(II) oxidation were catalyzed by concerted activities of soil- and AMD-associated microbial communities.

A repressor/operator system coupling redox status to ethanol fermentation pathway in Thermoanaerobacter spp 

Weilan Shao, Jianjun Pei, Qing Zhou,
College of Life Scencies, Nanjing Normal University, Nanjing 210046, PR China 

E-mail: weilanshao@njnu.edu.cn

Keywords: Fermentation pathway; redox sensing protein; reducing power; Thermoanaerobacter species; transcriptional regulation

Topic: Hot environment: Microbial carbon and energy metabolism in terrestrial hot springs and mid-ocean ridge hydrothermal vents

Anaerobes can grow by fermentation, in which the entire cell’s ATP is generated by glycolysis, and extra-reducing power is dumped by reduction of intermediates. Thermoanaerobacter species are anaerobes living in terrestrial hot springs with kinds of carbohydrates including starch, xylan, and cellulose as substrates. T. ethanolicus offers an ideal model for studying the mechanisms in redox status balancing because it produces thermostable proteins, and its fermentation is performed by a well studied ethanol formation pathway. 

A redox sensing protein (Rsp) was isolated by DNA affinity chromatography. The Rsp gene and corresponding operators are highly conserved in all the sequenced species of Thermoanaerobacter; however, the Rsp shares only 41% identity with the redox sensing proteins that have been previously reported. Furthermore, Rsp of T. ethanolicus regulates the expression of acetaldehyde dehydrogenase and alcohol dehydrogenase genes involved in ethanol fermentation, while the other redox sensing proteins regulate the gene expression of NADH dehydrogenase, which catalyzes the oxidation of NADH and establishes a proton motive force in aerobic microorganisms.

NADH caused a transition of Rsp from an α-helix rich to β-sheet rich conformation. In an in vitro transcription system of T. ethanolicus, Rsp repressed the transcription of an alcohol dehydrogenase, while the repression was reversed by adding NADH. The typical operator was identified as a palindrome of -ATTGTTA-N7-TAACAAT-, which covers 2 full helixes of DNA and gives a stereoscopic dyad symmetry. Base substitutes in the repeats of the palindrome reduced the affinity between Rsp and the operator, and thus delicate regulation could be achieved. 

This is the first report of a repressor/operator system that couples redox signals to a fermentation pathway, and that describes the mechanism responsible for the regulation of fermentation by redox status.
An integrated approach to study chemolithoautotrophic processes at deep-sea hydrothermal vents at 9ºN, East Pacific Rise

Stefan M. Sievert, Woods Hole Oceanographic Institution, Woods Hole, MA, USA
At deep-sea vents, chemolithoautotrophic microbes mediate the transfer of energy from the geothermal source to the higher trophic levels. These organisms acquire energy from the oxidation of reduced inorganic compounds and are able to fix inorganic carbon, providing a continuous supply of organic carbon for heterotrophs and higher trophic levels. However, presently our knowledge on the identity and activity of these microorganisms at vents is inadequate. To address the question of how much carbon is produced in diffuse flow areas and to determine which organisms are responsible for it, we are pursuing a multifaceted approach combining analytical chemistry, isotopic analysis, microbiological methods, and genomic approaches. We have focused our efforts on two diffuse flow vent sites at 9ºN EPR that differ in physicochemical conditions. Metagenomic analyses show that oxidation of reduced sulfur compounds coupled to either oxygen or nitrate reduction, are the predominant pathways for energy generation in these environments. These reactions are being carried out by epsilonproteobacteria, in particular members of the genera Sulfurimonas and Sulfurovum, that use the Sox- pathway for sulfur oxidation and the reductive TCA cycle for carbon fixation. However, there are also distinct differences between the two metagenomes at both sites that can be attributed to the differences in physicochemical conditions. These analyses are complemented by assessing the spatial and temporal heterogeneity of diffuse flow vents over a period of 2 years subsequently to a volcanic eruption that occurred at this site in 2005/06. To assess the diversity of the bacteria, we leveraged the power of high-throughput and parallel barcoded 454 pyrosequencing within the 16S rRNA amplicon. In total, between 14K and 33K sequences (median length 252 bp) were generated for each of the 8 samples, resulting between 1,500 and 5,000 unique OTUs per sample. Sequence analyses indicate the dominance of Epsilonproteobacteria in all samples, with distinct differences between samples. By combining these analyses with analytical chemistry, isotopic analysis, and lipid biomarkers, we aim at a comprehensive assessment of chemoautotrophic production at deep-sea vents and to contribute to a better understanding of the nature and extent of a potentially vast subseafloor biosphere.
Cooperation of Denitrifying Bacteria during Bioremediation of low pH Groundwater Contaminated with Nitrate.

Anne M. Spain and Lee R. Krumholz

Dept. of Botany and Microbiology, University of Oklahoma, Norman, OK 73019

Bioremediation strategies of nitrate- and uranium-contaminated sites require large additions of electron donor to the subsurface to stimulate denitrification and subsequently uranium reduction; thus, in contaminated aquifers with high concentrations of nitrate, denitrifiers play a critical role in bioremediation. Six strains of denitrifying bacteria belonging to the genera Rhizobium, Pseudomonas, and Castellaniella were isolated from bio-stimulated groundwater (GW) and sediment from the Oak Ridge Integrated Field Research Challenge Site (OR-IFRC), where biostimulation of low pH (3.5-6.5) and high nitrate (up to 140 mM) GW is occurring.  Each isolate was characterized in regards to growth rates, pH tolerance, nitrite tolerance, and growth on different denitrification intermediates.  Furthermore, growth of three of these isolates were measured in tri-cultures and pure cultures incubated in OR-IFRC high-nitrate GW at pHs 5 and 7 to determine whether the denitrifying isolates interact/cooperate within a mixed assemblage to achieve optimum rates of denitrification.  Results showed that Castellaniella str. 4.5A2 was the most efficient pure culture when incubated alone in GW, reducing 56 and 84% of the nitrate at pH values 5 and 7, respectively.  Mixed assemblages out-performed Castellaniella pure cultures in GW, reducing 88 and 98% of nitrate with zero-order nitrate reduction rates of 1.3 and 2.6 mM NO3-/ day at pHs 5 and 7, respectively. Growth and kinetic experiments with each isolate clearly demonstrated each is better adapted to different stages of denitrification, explaining the ability of mixed assemblages to out-perform the most efficient pure culture. Pseudomonas str. GN33#1 reduced NO3- most rapidly in kinetic assays using cell-free extracts (Vmax=15.8 mol e-(min-1(mg protein-1) and had the fastest generation time (gt) on NO3-  (2.6 hrs).  Castellaniella str. 4.5A2 was the most NO2- tolerant (capable of growth in the presence of up to 100 mM NO2-), and grew most quickly on NO2-  (gt = 4.0 hrs).  Rhizobium str. GN32#2 grew most rapidly on nitrous oxide (gt = 3.4 hrs), and was the only isolate capable of growth during the later stages of denitrification in mixed assemblage GW experiments at pH 7.  As data from GW experiments show that all three isolates grow together in OR-IFRC GW, we conclude that these isolates cooperate and function together within in a mixed community, rather than compete, in denitrification.  

Getting to know the unknown: Integrating OMICS to understand the physiology and metabolic potentials of uncultivated microorganisms


Fengping Wang

School of Life Sciences and Biotechnology, Shanghai JiaoTong University

Microorganisms are key players in the Nature’s biogeochemical cycling of basic elements such as carbon, nitrogen, and sulfur. The majority (>99%) of the microorganisms on Earth are still resistant to cultivation, their roles in the element cycling remain elusive. The rapid progresses in molecular biology, especially the recent big developments in high-throughput sequencing technologies have enabled microbial ecologists to address complex evolutionary and ecological hypotheses at a community scale. Here I report our recent work on using integrated OMICS methods, together with functional surveys, to reveal potential physiological characters and metabolic pathways of uncultivated microorganisms from deep-sea methane seep and hydrothermal vent environments.       

Bioweathering of micas is coupled with structural alteration and jarosite formation

Olli H. Tuovinen

Department of Microbiology, Ohio State University, Columbus, OH 43210, USA 

Phlogopite is a trioctahedral mica with an ideal composition of KMg3(Si3Al)O10(F,OH)2. This mineral is a non-expandable, 2:1 phyllosilicate with K in the interlayer positions. These silicates are also gangue minerals associated with low grade coal deposits and are found in mine tailings and waste rocks. This study examined structural alterations of finely ground phlogopite when exposed to acid, iron- and sulfate-rich solutions typical of acid mine drainage and bioleaching systems. Phlogopite suspensions were supplemented with ferrous sulfate and incubated with iron- and sulfur-oxidizing bacteria at ambient temperature. As bacteria oxidized ferrous iron, ferric iron thus formed partially precipitated as K-jarosite (ideal formula KFe3(SO4)2(OH)6). K-jarosite precipitation was contingent on the preceding ferrous iron oxidation by bacteria and the release of interlayer-K from phlogopite. This chemically and microbially induced weathering involved alteration of phlogopite to a mixed interlayer structure that included expansible vermiculite. The extent of phlogopite weathering and structure expansion varied with duration of the contact, concentration of ferrous iron and phlogopite, and the presence of monovalent cations (NH4+, K+, or Na+) in the culture solution. NH4+ and K+ ions (100 mM) added to culture suspensions precipitated as jarosite and thereby effectively prevented the loss of interlayer-K and structural alteration of phlogopite. Additional Na+ (100 mM) was insufficient to precipitate ferric iron as natrojarosite and, therefore, the precipitation was coupled with interlayer-K released from phlogopite. Dissolution of phlogopite was enhanced at low pH values. The results demonstrate that iron oxidation and the concentration and composition of monovalent ions can have an effect on mineral weathering involving contact of phlogopite and other mica minerals with acid mine drainage or leach solutions. Jarosites were further characterized by synthesis of K-jarosites in a 2 to 40°C temperature gradient as well as by producing solid solutions of jarosites with various [K+ + NH4+] combinations. A K- and SO4-enriched phase similar to Maus’s salt [K5Fe3(SO4)6(OH)2·8H2O] was also detected in some samples, mostly at sub-ambient temperatures (<25°C). Background areas from XRD powder patterns decreased in a linear fashion with increasing temperature of synthesis, suggesting improved crystallinity of the solid phase at the expense of an x-ray amorphous fraction. Spacing differences (Δ2Θ) between the intense (113) and (021) peaks confirmed the hydronian character of the jarosite phase. The jarosite lattice parameter a0 decreased whereas c0 increased with the synthesis temperature, indicating that H3O+ substitution for K+ in the jarosite structure was favored at low temperatures. Jarosites are alleged to form passivating surface layers on sulfide minerals, and structurally altered, expansible mica phases can cause compaction effects in mine tailings as well as bioheap leaching processes. 

Microbial Paleontology and the Application of Geomicrobiology to Microbial Evolution

Dr. Russell H. Vreeland

Ancient Biomaterials Institute

West Chester University 

West Chester, PA 19383


One of the greatest conundrums for microbiologists is making sense of the seemingly endless variety of phylogenetic trees that can be developed from DNA sequences of any gene in any microbe. This is largely attributable to processes such as lateral gene transfer. At the same time there is continuous debate about the meaning of such things as branch lengths between individual strains, species or genera. Part of this problem relates to the reality that despite our best efforts we really have no idea of the age (in geological terms) of any particular microbial group being studied or isolated. Previous subsurface research which was originally thought to be an area that could help sort through this situation only ended up confusing the issues when the organisms isolated produced only very short branch lengths despite having come from very deep and old rock formations. In the absence of other supporting data these short lengths were attributed to the probability that these were “modern” microbes that were carried into the formation by flowing groundwater or simply dismissed as “contamination”. Further complicating the issue is the assumption that any microbe isolated from Earth’s ground surface is actually functioning in that environment and must therefore be “modern.” However recent geomicrobiological efforts and techniques have begun to challenge that paradigm. Data arising from isolations of microbes trapped within sealed environments as well as isolations of soft tissues from other non-microbial extinct life have begun to demonstrate that many genes produce “short branch lengths.” At the same time, the discovery of microbial genes with unique sequences have provided the first glimpse of a microbial evolutionary event leading to constraining the appearance of one microbial genus to a particular point in time. Concomitant with this discovery is the recognition that a microbial genus thought to be modern may in reality be ancient. This talk will examine the types of techniques and collaborations needed to expand upon these discoveries and develop this new field into a truly valuable scientific exercise.

Comparison of Cold-Adapted Bacterial Community Structure in Mingyong Glacier and Its Deglaciated Terrain

Yunling Wei

Different cold-adapted bacterial communities corresponding to vertical climatic zone of glacier, forest and dry warm valley respectively distributed within a very narrow area of Mingyong Glacire in Meili Snow Mountain, and they have played important roles in maintaining matter circulation, transformation and ecological balance in this area. But their community components is still known little. In this study, comparison of cold-adaped bacretial community structures and their membrane lipid components in a series zones extended along permafrost to dry warm valley were performed.  The result will help us to understand cold-adapted bacterial community in vertical climatic zone along glacier-forest-dry warm valley, illustrate adaptation mechanisms between bacterial community strctures,lipid componets and environment, and provide clue to further study on relationship of biological diversity and environment in Three Parallel Rivers area.
The hot unknown geneosphere: Metagenomics of viral assemblages in geothermal environments
K. Eric Wommack1, Shawn Polson1, David Mead2, Tom Shoenfeld2
1) Delaware Biotechnology Institute, University of Delaware, Newark, DE 19711

2) Lucigen Corporation, Middleton, WI 53562

Together, fundamental research on bacteriophages and thermophiles accounted for many of the greatest philosophical and technical breakthroughs in 20th century life sciences. Despite this rich history of discovery, the combination of these inquiries —investigations of thermophilic viruses— is a relatively new research enterprise.  Initial work with only a handful of viruses infecting thermophilic archaea has revealed the surprising novelty of these dsDNA viruses.  Their bizarre capsid architectures  has required the creation of six entirely new viral morphological families.  Genome data shows a relatively high level of gene conservation and synteny within these groups, but provides only limited insights on the biology of these viruses as only a small fraction of predicted ORFs show homology to known functional genes. Similar to genomics studies, metagenomic analyses have revealed that half or more of the predicted genes within viral assemblages from deep sea and hot spring geothermal environments are unknown, i.e., no homology to a known gene.  Nevertheless, a sizable proportion of predicted ORFs, 20 to 60%, from these environments show homology to only other viral metagenome ORFs, suggesting the existence of a pool of genes specialized to viruses and possibly geothermal environments. Comparisons of metagenome sequence libraries from two Yellowstone hot springs against known archael phages indicate the existence of a few conserved operons and in only one case , Pyrobaculum spherical virus, was significant gene synteny and sequence coverage detected.   Rank-abundance analysis of protein clusters constructed from hot spring viral metagenome ORFs indicates that the most abundant viral genes are perhaps the least known. Only nine of the 50 most abundant viral genes within these libraries showed homology to a known gene and only three of these homologs had a described function. Thus, it is clear that  known genes and viruses may offer little towards understanding the central genetic functions of viruses within geothermal environments.  As an alternative approach, we have pursued functional metagenomic analyses aimed at detecting biochemical function within viral metagenome libraries.  These analyses of hot spring viral assemblages have revealed the presence of several unique thermostable viral polymerases that were missed by homology searches.  These unique replicases offer a window into deep evolutionary relationships and illustrate the substantial divergence of hot spring viruses from known viruses cellular life. Moreover, the unique properties of these newly-discovered viral replicases have great potential for the improvement of in vitro nucleic acid amplification technologies.

Diversity and Character of Marine Magnetotactic Bacteria and Multicellular Magnetotactic Prokaryotes in Intertidal Zone Sediments of Yellow Sea
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Abstract

Magnetotactic bacteria (MTB) are Gram-negative and represent a diverse group of microorganisms with respect to morphology, physiology and phylogeny. They have a cosmopolitan distribution in water columns or sediments with horizontal chemical stratification. The highest numbers of MTB are generally found at the oxic-anoxic transition zone or redoxcline.

We studied the diversity of MIB in intertidal zone in Yellow Sea. MTB collected from the permanently submerged part display diversity in morphology and taxonomy. Their abundance reached up to 105cells/cm3. Their diverse morphotypes, including cocci, ovoids, rods, vibrios and spirilla were observed, and the coccoid shape was most abundant. The magnetosomes of MTB arranged in one, two or multiple chains. Irregular arrangement of magnetosomes was also evident. Morphology of magnetosome crystals was homogenous in a given cell, but displayed various shapes, including square, cubo-octahedron, parallelepiped, elongated hexagonal prismatic, bullet-shaped and tooth-shaped in different cells. The morphological diversity of marine MTB was confirmed by restriction fragment length polymorphism analysis (RFLP) and sequence analysis of 16S rRNA. At least 10 different taxonomic groups were identified. Among them, nine belonged to α-Proteobacteria and one exception was γ-Proteobacteria. Compared to known axenic or uncultivated MTB, the 16S rRNA sequences of most MTB collected from the permanently submerged part exhibited low sequence identities ranging from 76.4% to 89.4%. These results suggest a specific geo-distribution of the MTB collected from Yellow  Sea.
We found a virtually homogenous population of ovoid-coccoid MTB in sediments of the low tide. The dimensions of the cells ranged from 1.8 to 2.3 mm in width and 2.0 to 2.8 mm in length. They were bilophotrichously flagellated and exhibited polar magnetotactic behaviour. Almost all cells contained two chains of magnetosomes. The results of statistic analysis in TEM show that sixty per cent of cells had a difference of one magnetosome between the two chains. The number of magnetosomes per cell ranged from 7 to 31 with average of 18 and the occurrence of 19 magnetosomes per cell was the highest. Most of the magnetosome crystals in cells had a rectangular projected shape with a size of 101 + 24 nm (mean with standard deviation) in length and 83 + 21 nm in width. That gives a value of shape factor (width/length) about 0.83 + 0.09. They are likely to be single-domain magnetite. Analysis by energy dispersive X-ray spectroscopy (EDXS) unambiguously identified the ‘iron-oxide’ nature of the magnetosome crystals. In addition, selected area electron diffraction analysis of individual crystals confirmed the magnetite nature of the magnetosomes in cells. The result of the magnetic hysteresis loop measurement indicated the magnetic moment of a single magnetosome was 2.6 × 10-13 emu. The morphological diversity of marine MTB was confirmed by RFLP and sequence analysis of 16S rRNA. At least 3 different taxonomic groups were identified. Pair-wise comparison revealed that 16S rDNA sequence identity showed >98% sequence identity each of them. The combination of restriction RFLP and sequencing of cloned 16S rDNA genes from the low tide subregion samples as well as fluorescence in situ hybridization (FISH) revealed the presence of a homogenous population. Moreover, phylogenetic analysis indicated that the Qingdao Huiquan ( in Yellow Sea ) low tide MTB belong to a new genus affiliated with the a-subclass of Proteobacteria. This finding suggests the adaptation of MTB population to the marine tide.

We isolated a new strain (QH-2) in the sediments, It’s a magnetotactic spirilla bacterium and could grow in chemically defined medium. The cells were amphitrichously flagellated and contained one single magnetosome chain with average number of 16 ± 5 magnetosomes per cell. Both rock magnetism and energy dispersive X-ray spectroscopy (EDXS) characterizations indicated that the magnetosomes in QH-2 were single-domain magnetite (Fe3O4). QH-2 cells swam almost in a straight line at a velocity of 20-50 µm/s and occasionally transfer to a helical motion which were not found in other reported magnetotactic spirilla . Moreover, compared with all other reported magnetotactic spirilla they showed a special response to light illumination by changing their swimming direction which was opposite to the magneto-aerotaxis orientation as all MTB were oriented in magnetic field. Analysis of the 16S rRNA sequence showed that it was the closest relative to the marine magnetotactic spirillum MMS-1 strain (97.2% sequence identity) for which little was reported. These sequences showed higher than 11% sequence divergence from all freshwater magneto-spirilla and the marine axenic magnetotactic bacterial cultures. Therefore based on 16S rRNA sequence analysis, QH-2 strain, together with MMS-1 represented a novel lineage in the Alphaproteobacteria.

Multicellular magnetotactic prokaryotes (MMPs) are a group of aggregates composed of 7-45 gram-negative cells synthesizing intracellular magnetic crystals. Although they are thought to be globally distributed, MMPs have been observed only in marine environments in American and Europe.

We found a number of MMPs in the sediments of intertidal zone of Yellow Sea. According to the morphology, MMPs were classified into three kinds. One was rosette-like MMPs, which were round aggregates with a diameter of 5.4±0.8 µm and composed of 23±4 ovoid cells arranged in a helix way. Another was pineapple-like MMPs, ellipsoidal microorganisms with an average size of 9.6±1.2 µm×7.8±0.9 µm. Scanning electron microscopy revealed that cells in these aggregates were composed of several circles of cells, which arranged side by side in each circle and interlaced with cells in the adjacent circles. This interlaced arrangement made them more compact than rosette-like MMPs. The last one was pinecone-like MMPs with a diameter from 9.0 to 14.2 µm. Cells in these MMPs were long and narrow. Nile red and DAPI staining showed intercellular lipid granules in all kinds MMPs and the outer membranes in rosette-like MMPs and pineapple-like MMPs. The latter suggested that MMPs were highly organized and may be multicellular microorganisms.

Transmission electron microscopy and energy dispersive X-ray analysis revealed that MMPs from Yellow Sea biomineralized magnetite crystals. Magnetosomes in rosette-like MMPs were bullet-shaped /and equimensional and distributed dispersely near the periphery of the cells, in lines or plates. All magnetosomes in pineapple-like MMPs were bullet shaped and distributed approximately in lines parallel to the long axis. 

Under the cooperation of peritrichous flagella and intercellular magnetosomes, rosette-like MMPs and pineapple-like MMPs do the specific escape motilitiy. The average speed in the magnetic fields was 55µm /s and 99µm/s respectively.

MMPs maintain multicellular during the life cycle. Here we observed that rosette-like MMPs split along the short axis while the pineapple-like MMPs split along the long axis.

Inverstigation showed that rosette-like MMPs distributed wildely in sandy sediments and concentrated in the deoxidized layers where Eh decreased dramatically, while pineaple-like MMPs mainly distributed in the upper layers of gravel sediments. The results suggested that these two kinds of MMPs occupied different niches which may be resulted from different ways of metabolism.

Key words: Diversity, Marine Magnetotactic Bacteria, Multicellular Magnetotactic Prokaryotes,  Intertidal Zone,  Sediments, Yellow Sea
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The first obligate piezophilic hyperthermophilic archaea Pyrococcus yayanossi CH1: A living fossil of early life ?

Xiang Xiao

School of Life Science and Biotechnology, Shanghai Jiao Tong University, P R China

Abstract:

    Throughout geologic time, a strong feedback has existed between the geosphere and biosphere. Microbial genomes provide information about molecular clues to the events leading to the evolution of these genes in the geological past. Given likely early Earth conditions, deep sea hydrothermal vents may host some living microorganisms which mimic early life.

    In collaborating with French colleagues, we isolated anaerobic heterotrophic microorganisms under high-temperature and high-hydrostatic pressure conditions, using chimney samples collected from the site ‘Ashadze’ which is the deepest vent field known so far (depth 4100 m). Strain CH1 was successfully isolated and assigned to the genus Pyrococcus. Growth was recorded within a temperature range of 80 to 120°C and a pressure range of 20 to 150 Mpa. No growth was observed under atmospheric pressures for temperatures ranging from 60 to 110°C. Pyrococcus yayanossi CH1 represents the first obligate piezophilic hyperthermophilic microorganism known so far and shows clear that it originates and could just live in deep subsphere which may keep stable for billions of years. We are trying to deduce the endogenous networks of CH1 from its genomic sequence and its evolutionary position by comparative genomic analysis. These data will also be used to infer the geochemical parameters of early biosphere. 

Diversity and potential activity of Archaea and Bacteria in Yunnan Hot Springs of China: An overview
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Using sediment community DNA and cDNA, we analyzed 16S rRNA genes and functional genes (nifH, amoA, nirS/nirK, accC, aclB, rbcL) of both archaea and bacteria to examine microbial functions in Yunnan (Eryuan, Longling, and Tengchong) hot springs. Nearly 30 springs were screened, with a pH range of 2.8-8.8 and a temperature range of 43.6-96ºC. Over 70% of these springs showed positive PCR results using cDNA as template for archaeal and bacterial 16S rRNA genes, and nifH genes, whereas fewer springs showed positive results for other functional genes. Diversity of Crenarchaeota was investigated using 16S rRNA genes amplified from eight Tengchong hot springs. Eight hundred and twenty six (826) clones were sequenced and 47 operational taxonomic units (OTUs) were identified based on a 2% cutoff. Most (93%) of the identified OTUs were closely related (89-99%) to those retrieved from other thermal environments. Temperature dominated over pH in affecting crenarchaeotal diversity in Tengchong hot springs, which was highest in moderately high temperature (59 to 77ºC) hot springs. RNA from 11 springs of Eryuan, Longling and Tengchong showed that the archaeal amoA gene was transcribed at temperatures higher than 74oC and up to 94oC, suggesting that archaeal nitrification can potentially occur at near boiling temperatures. Transcripts for the crenarchaeal CO2 fixation gene accC were also detected in some of the springs, suggesting the potential for the coupling between archaeal ammonia oxidation and CO2 fixation in Yunnan hot springs.

Growth History of Hydrothermal Chimney and Extreme Heterogeneous Habitat for Microbiological Colonization
Huaiyang ZHOU (zhouhy@tongji.edu.cn)
National Key Lab of Marine Geology, Tongji University, 200092 Shanghai, PR China
Since discovery of hydrothermal activity in mid-ocean ridge about 30 years ago, growth history of sulfide chimney has been one of scientific focus. A famous model proposed by Haymon (1983), consisting of two growth phases of a sulfate-dominated stage and a sulfide replacement stage, could well explain the growth history of chimney with one single channel of hydrothermal fluid. Distinct sulfide mineral assemblage zonation, forming temperature decreased from interior to exterior, are well developed in this kind of chimney. Thermal or chemical gradient of habitat for microbiological colonization is also correspondingly radial. However, most of sulfide chimneys, especially those evolved in mid ocean ridges with middle or slow spreading rates, are with multiple fluid channels and complex mineral assemblage structures. It is believed that habitat inside of a complex chimney for microbiological colonization is extremely heterogeneous with a scale of centimeter to millimeter. 
PAGE  
4

_1083397589.unknown

