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I. Agenda

MO/LExEn Workshop - September 22-24, 2002

Sunday, September 22, 2002
6:00 - 9:00 pm     Opening reception/mixer; Hilton Arlington & Towers (950 North  Stafford Street)

Monday, September 23, 2002 - NSF Bldg - Stafford II, 5th Floor

7:30 - 8:30 am Pick up security badges (NSF, Stafford I Building)

8:00 - 8:30 am  Set up Posters

8:30 - 8:45 am   Welcome
Dr. Mary Ann Moran, Dr. Sherry Cady
Dr. Maryanna Henkart (NSF Division Director, Molecular and Cellular Biosciences)

8:45 - 10:30 am   Session I: New Applications of Molecular Tools (environmental genomics; 

microarrays in microbial ecology; mRNAs as functional indicators)

8:45 Dr. Jo Handelsman
9:15 Dr. Alison Murray
9:45 Discussion of Session I Topics

Leaders: Dr. Rebecca Gast, Dr. Anna-Louise Reysenbach
10:30 - 10:45 am  Coffee Break

10:45 - 12:30 pm   Session II: Novel Culturing Approaches (high-throughput; geochemical constraints

on media; gleaning strategies from environmental microarrays)

10:45 Dr. Jan Amend
11:15 Dr. Steve Giovannoni
11:45 Discussion of Session II Topics

Leaders: Dr. Sarah Boomer, Dr. David Emerson

12:30 - 1:45 pm Hosted Lunch at NSF

1:45 - 2:00 pm Organize Ecotype Discussion Groups for evening session

2:00 - 3:45 pm   Session III: Field Methods (ecosystem characterization and constraints; biofilm

composition; quorum sensing; metabolic activity in situ; molecular and structural tags; functional

molecules in addition to genes)

2:00 Dr. Paul Blum
2:30 Dr. Gill Geesey
3:00 Discussion of Session III Topics

Leaders: Dr. Steven Zinder, Dr. Tullis Onstott
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3:45 - 5:45 pm  Poster Session: MO, LExEn, BSI, Microbial Biology project profiles

6:00 - 7:30 pm Hosted Dinner at Hilton Arlington & Towers (950 North Stafford Street)

7:30 - 9:00 pm  Session IV: Ecotype Breakout Groups at Hilton Arlington & Towers
Planktonic marine (Dr. Jed Fuhrman, Dr. Feng Chen)
Shallow marine (Dr. Andreas Teske, Dr. Barny Whitman)
Freshwater lakes, streams, groundwater (Dr. Gene Madsen, Dr. Marvin Fawley)
Hydrothermal freshwater/marine (Dr. Carrine Blank, Dr. Carmen Aguilar)
Soils and freshwater sediments (Dr. Linda Kinkel, Dr. Steve Schmidt)
Hypersaline (Dr. Samantha Joye, Dr. Tim Steppe)

Tuesday, September 24, 2002
NSF Bldg - Stafford II, 5th Floor

8:30 - 9:30 am Summary Presentations of Ecotype Groups (10 min ea)

9:30 - 11:30 Session V: NSF Programs (adequacy of existing programs/need for new funding 

opportunities)

9:30 Dr. Matt Kane, Dr. Ron Weiner
10:15 Coffee Break
10:30 Discussion Breakout Groups

Leaders: Dr. John Hobbie, Dr. Eric Triplett, Dr. Sherry Cady
11:30 Presentations/Summary of Discussion Groups  (10 min ea)

12:00 - 1:00 pm Hosted Lunch at NSF

1:00 - 2:30 pm   Session VI: The Environmental Sequence Database (taxonomic and functional

genes; linking sequences to ecosystem parameters; centralized vs. standardized approaches)

1:00 Dr. James T. Hollibaugh
1:30 Dr. John Heidelberg
2:00 Discussion of Session VI Topics

Leaders: Dr. John Spear, Dr. David Mogk

2:30 - 2:45 pm Coffee Break - Early Departure

2:45 - 3:15 pm Session VII: NSF MO/LExEn  Workshop Publication (scientific impact of
MO/LexEN programs; recommendations for future directions)
Meeting Co-Chairs, NSF observers, Speakers, Discussion Leaders, Dr. Myrna
Watanabe

 3:15 pm       Adjourn Workshop
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II. Directions to NSF from Airports (National, Dulles and BWI) and Train
Stations (Union Station)

From National Airport:
Washington National Airport (DCA) is the closest airport to NSF and serves more than 400
flights daily. Many area hotels provide free transportation to and from National Airport.

Metro Directions:
National Airport is served by Metro's Yellow and Blue lines. Visitors  should take a Blue line
train to Rosslyn, transfer to the Orange line, and get off at the Ballston-Marymount University
stop.

Driving Directions
6 miles, 15-20 minutes

Please note that weekdays, I-66 inside the Beltway is limited to a minimum of 2 passengers
(HOV restriction) for westbound traffic from 4-6:30 p.m. Plan an alternate route during these
times.
Ø Stay in left lane when exiting the airport terminal area.
Ø Exit left following routing to Alexandria/Crystal City/Route 1 and I-66.      Remain in left

lanes following signs to Alexandria/Crystal City/Route 1    and I-66; do not follow routing
to Washington, D.C.

Ø Follow signs to Alexandria, Route 1 south (Jefferson Davis Highway).
Ø Turn right at second signal, on Rt. 120, S.Glebe Road.
Ø Remain on Glebe Road for approximately 5 miles, passing under Rt.395 and subsequently

passing by Ballston Common Shopping Center.
Ø Turn right on Wilson Blvd. after passing Ballston Common.
Ø Turn left on N. Stuart Drive.

Taxis and Buses:
Taxi from National taxi-stand
estimated cost: $11.00; additional person: $1.00
estimated travel time: approximately 15 minutes

Washington Flyer Express Bus
from National to 1517 K. Street, N.W.
(703) 685-1400
estimated cost: $8.00 one way; $14 round trip
estimated travel time: approximately 20-30 minutes

Dulles Airport to NSF:
Metro Directions:
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Dulles International Airport has no direct train service. To connect to Metro, take the
Washington Flyer Express bus to the West Falls Church metro station. (Buses run every 30
minutes, and cost $8 one way / $14 round trip).

Driving Directions from Dulles Airport:
(21 miles, 25-30 minutes)

Please note that weekdays, I-66 inside the Beltway is limited to a minimum of 2
passengers (HOV restriction) for eastbound traffic from 6:30-9 a.m. I-66 westbound traffic is
HOV restricted from 4-6:30 p.m. Ticketed passengers to/from Dulles Airport are exempt from
the HOV restriction.

• Stay left on exiting airport area and join Dulles Access Rd.
• Follow signs routing to I-66 East and 495.
• Continue to follow signs to I-66 East where the Access Road joins I-66
• East for approximately 17 miles after leaving the airport.
• Exit at Glebe Road.
• Turn right on Glebe Road.
• Turn left on Wilson Blvd.
• Turn left on N.Stuart Drive.

Public Transportation from Dulles Airport:
Washington Flyer Taxi Service:
 (703) 661-6655
 estimated cost: $35.00
 additional person: $1.00
 estimated time: approximately 30 minutes travel time

Washington Flyer Express Bus to West Falls Church Metro
1-888-WASHFLY
estimated cost: $8.00
estimated travel time: approximately 20 minutes

West Falls Church Metro to Ballston Metro
estimated cost: $1.35 peak; $1.00 off-peak; $.65 seniors/disabled
estimated travel time: approximately 7 minutes

Travelers from Dulles can get to Arlington via airport limousine (703-685-1400 or 703-471-5555)
in about 30 minutes.

From BWI Airport to NSF:
Baltimore-Washington International Airport (BWI) is located just outside of Baltimore, and is
approximately 50 minutes from Arlington by car.

Public Transportation from BWI Airport:
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Arlington Blue Top Taxi
(703) 578-1111
estimated cost: $45.00
additional person: $1.00
estimated travel time: approximately 35-40 minutes

MARC train from BWI to Union Station
1-800-325-RAIL
estimated cost: $6.00 one way; $8.75 round trip
estimated travel time: approximately 40 minutes

BWI Super Shuttle bus to Union Station 1-800-809-7080
estimated cost: $24.00;
additional person: $1.00
estimated travel time: approximately 1.5 hour

From Union Station to NSF:
Union Station is the central Amtrak station in the Washington D.C. area. It is
a visitor attraction in its own right, and is located directly across from the
Capitol building parks and grounds near the Supreme Court and the Library
of Congress.

Metro Directions:
Union Station is served by Metro (the Red Line). NSF visitors coming
from Union Station should take the Red Line to Metro Center, transfer to
the Orange Line, and get off at Ballston-Marymount University.

Driving Directions:
q Exiting Union Station follow Louisiana Ave, NW proceeding south to

Constitution Ave. Turn right on Constitution Ave to signs to Route 66 West,
crossing Teddy Roosevelt Bridge and staying in the left lane.

q Exit I-66 West at Glebe Road (Approximately 2 miles).
q Turn left at the end of off-ramp onto Glebe Road.
q Proceed 1/2 mile (4 stop lights) to Wilson Blvd.
q Turn left on Wilson Blvd.
q Turn left on N. Stuart Drive.
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III. Map of NSF Area
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LEGEND

MAIN SUITE ENTRY

ELEVATOR

IV. Directions and Map to Stafford II Conference Rooms

On September 23, Monday, all attendees should pick up their security badges from the
information desk at the Main North Entrance of the NSF building (Stafford I). To get to Stafford
II:

* Cross through the atrium of the building to the South side elevator lobby and exit the building.

* The building to your left is Stafford II (Matsatuke Restaurant is on the first floor).

* Take elevators to the 5 th floor conference rooms.

NSF/Stafford Place II Floor Plan
Plan for Stafford II – 5th Floor

Evacuation: Find more information on the web at: http://www.inside.nsf.gov/safety/

Exit Stairwells
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V. List of Abstract Titles

1.  LExEn: Microbial Life in Freshwater Hydrothermal Vent Systems
Carmen Aguilar1, Russell L. Cuhel1, Jim Maki2, Charles Wimpee1, and Robert Paddock1.
1University of Wisconsin-Milwaukee, 2Marquette University

2. Life in Acid
Jillian F. Banfield1, 2, Brett J. Baker1, 2, Gregory K. Druschel2, Thomas M. Gihring1, Steven
Smriga2, Philip L. Bond2, Jennifer Macalady1, 2, Gene Tyson1, Philip Hugenholtz1, Amanda
Barry2, Brian Fox2, David Baumler2, Charles Kaspar2

1University of California Berkeley, 2University of Wisconsin-Madison

3. Analyses of Red Layer Bacteria and Thermal Source Water, from Alkaline Hot Springs
in Yellowstone National Park Demonstrate Diversity and Selection in the Green Non-
Sulfur Bacteria Lineage
S.M. Boomer, D.P. Lodge, P.F. Williams, M.S. Boschee
Western Oregon University

4. Understanding the role of the soil microbial community in the arctic tundra
Laura C. Broughton.
The Ecosystems Center, Marine Biological Laboratory

5. Diversity of Genes Mediating Aromatic Ring Cleavage in Salt Marsh Bacterial
Communities
Alison Buchan1, Ellen L. Neidle2, and Mary Ann Moran1.
Departments of Marine Sciences1 and Microbiology2, University of Georgia

6.  The special problems of microbial processes in the extremely oligotrophic
environments common to many marine and freshwater systems
Don Button, Elizabeth Grover, and Ziaoming Zhao
Institute of Marine Science and Department of Chemistry and Biochemistry,
University of Alaska

7. Interactions Between Hyperthermophiles and Silica Mineralization: Implications for
Paleobiology
Sherry L. Cady
Department of Geology, Geomicrobiology & Electron Microscopy Laboratory, Portland State
University
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8.  Genome and expression analysis in the episymbiont community associated with
Alvinella pompejana, a deep-sea hydrothermal vent polychete
Barbara J. Campbell1, Jeffrey L. Stein2 and S. Craig Cary1

1University of Delaware, College of Marine Studies; 2Quorex Pharmaceuticals, Inc., Carlsbad, CA

9. Interactions Between Dissolved Organic Matter, Microbial Processes and Community
Structure at the Bermuda Atlantic Time-Series Station
Craig A. Carlson: Department of Ecology, Evolution, and Marine Biology, University of
California; Stephen Giovannoni: Department of Microbiology, Oregon State University;  Dennis
Hansell: University of Miami Rosenstiel School of Marine and Atmospheric Science

10. Microbial Diversity in Lakes of the Hawaiian Archipelago
Stuart P. Donachie and Maqsudul Alam
Department of Microbiology, University of Hawaii

11. Hyperthermophiles of the hydrothermal vent subsurface: environmental stress limits
for two hyperthermophilic archaea
Virginia P. Edgcomb, Stephen Molyneaux, Simone Böer, Carl Wirsen, Karen Lloyd, Michael
Atkins, Andreas Teske
Redfield Laboratory, Biology Dept. Woods Hole Oceanographic Institution

12. Native Expression of Cysteinyl-tRNA Synthetase in the Extreme Halophilic
Archaeon, Halobacterium sp. NRC-1
Caryn Evilia1, Brian Berquist2, Shiladitya DasSarma2 and Ya-Ming Hou1

1Department of Biochemistry, Thomas Jefferson University; 2Center of Marine Biotechnology,
University of Maryland Biotechnology Institute

13. Species Diversity and Community Structure of Coccoid Algae
Marvin W. Fawley and Karen P. Fawley
Department of Biological Sciences, North Dakota State University

14. Diversity of Nitrite Reductase Genes from Aquatic and Sedimentary Environments
Chris A. Francis and Bess B. Ward
Department of Geosciences, Princeton University

15. The USC Microbial Observatory
Jed Fuhrman, David Caron, Ian Hewson, Peter Countway, Michael Schwalbach, Astrid
Schnetzer, Rebecca Schaffner, Mark Brown and Matt Travao
Wrigley Institute for Environmental Studies and Department of Biological Sciences, University of
Southern California
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16. Prokaryotic diversity of biological soil crusts in aridlands of North America: a new
NSF biotic surveys and inventories project
Ferran Garcia-Pichel and Jean Schmidt, Arizona State University
Richard Keller, NASA-Ames Research Center

17. Protistan Molecular Ecology and Physiology in Antarctic Waters
Rebecca J. Gast1, David A. Caron2, Dawn M. Moran1, Julie M. Rose2, Mark R. Dennett1,
Rebecca A. Schaffner2, and David J. Patterson3

1Woods Hole Oceanographic Institution, 2University or Southern California, 3University of
Sydney

18. South African Ultradeep Mines-Long term sites for interdisciplinary studies into the
extreme environment of the deep subsurface (LExEn)
J. Hall, L. Lin, B. Mislowac, T.J. Pray, S. Devlin and T.C. Onstott, Princeton University; S.
Pfiffner, A. Peacock, D.C. White and K. Davis, University of Tennessee; T. Phelps-Oak Ridge
National Laboratory; D. Moser, J. Fredrickson, T. Gihring and F. Brockman, Pacific Northwest
National Laboratory; T. Kieft and S. McCuddy, New Mexico Institute of Mining and
Technology; D. Boone and A. Bonin, Portland State University; L. Pratt, E. Boice and J. Fong,
Indiana University; B. Sherwood Lollar, J. Ward, G. Slater, Univ. of Toronto ; J. Lippmann, M.
Stute and P. Schloesser, Lamont-Doherty Earth Observatory; G. Southam and M. Lengke,
University of Western Ontario ; D. Balkwill and E. Trimarco, Florida State University ; D.
Litthaur and E. van Heerden; Univ. of Free State; M. Davidson and C. Reye, Univ. of
Witwatersrand

19. An acid, thermal stream, Nymph Creek, Yellowstone National Park, as a microbial
observatory
Joan M. Henson, Mike Ferris, and Kathy Sheehan
Department of Microbiology, Montana State University

20. Plum Island Estuary Microbial Observatory
John Hobbie, Byron Crump and Anne Bernhard
Marine Biological Laboratory

21. A Visual Atlas of a California Grassland Vadose Zone Profile
Holden, P.A., Saleta, J. and J.P. Schimel
University of California

22. Biogeochemistry and microbial ecology of an alkaline, hypersaline, meromictic lake:
Mono Lake, California
James T. Hollibaugh and Samantha B. Joye, Department of Marine Sciences, University of
Georgia; Robert Jellison, Sierra Nevada Aquatic Research Laboratory, University of California,
Santa Barbara; and Jonathan P. Zehr, Institute of Marine Science, University of California, Santa
Cruz
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23. Linking Microbial Community Structure and Function in Contaminated Aquifers
Krassi Hristova and Kate M. Scow
University of California-Davis

24. LExEn: Molecular Microbial Ecology and Biogeochemistry of Methane Hydrates and
Brine Pools: Distribution and Activity of Microorganisms in Two Extreme Deep Sea
Environments 
Samantha B. Joye, Department of Marine Science, University of Georgia; Joseph P. Montoya
and Patricia A. Sobecky, School of Biology, Georgia Institute of Technology; Ian R. MacDonald,
Physical and Life Science, Texas A&M University

25. The Microbial Observatory of the Northern Temperate Lakes Long Term Ecological
Research Site
A.D. Kent, A.C. Yannarell, G.H. Lauster, J.M. Graham, B.J. Benson, D.E. Armstrong, L.K.
Graham, T.K. Kratz, S.R. Carpenter, and E.W. Triplett
Center for Limnology, University of Wisconsin-Madison

26. Predicting the biogenic methane concentration in the Archean
atmosphere based on ecological constraints
Pushker A. Kharecha and James F. Kasting
Department of Geosciences, Penn State University

27. Role of atmospheric trace gases in microbial composition and succession on recent
lava flows.
Gary M. King1 and Klaus Nüsslein2

1 Darling Marine Center, University of Maine
2 Department of Microbiology, University of Massachusetts, Amerherst

28.  Cedar Creek Natural History Area Microbial Observatory:  Spatial Scales of Genetic
and Phenotypic Diversity among Streptomycetes in Prairie Soils
Linda L. Kinkel, Anita L. Davelos, Kun Xiao, Debby Samac
University of Minnesota

29. Evolution and Diversity of Biochemical Pathways: A Methylotrophic Microbial
Observatory
M.E. Lidstrom and L. Chistoserdova
University of Washington

30. Most probable number's techniques recover much higher numbers of cells than plate
counts done from salt marsh sediments
Cynthia Lydell1, David Emerson1 and Patrick Gillevet2
1American Type Culture Collection, Manassas, VA; 2George Mason University
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31. Extremophilic Phototrophic and Sulfur-Cycling Prokaryotes From Permanently
Frozen Antarctic Lakes and African Soda Lakes
Michael T. Madigan, Elizabeth A. Karr, Deborah O. Jung, W. Matthew Sattley, and Laurie A.
Achenbach
Department of Microbiology, Southern Illinois University

32. Observing Microbial Diversity and Horizontal Gene Transfer In a Shallow Contaminated
Aquifer
E. L. Madsen and W. C. Ghiorse
Department of Microbiology, Cornell University

33. Linking Phylogeny and Biogeochemistry for the Discovery of Novel Chemolithotrophs
Inhabiting Geothermal Gradients in Yellowstone National Park
Timothy R. McDermott1, William P. Inskeep1, and Gill Geesey2.
1Thermal Biology Institute and 2Department of Microbiology Montana State University

34. Constraining the timing and nature of life’s emergence in extreme environments
Stephen J. Mojzsis1, T. Mark Harrison2,3 and Craig E. Manning2

1University of Colorado, Department of Geological Sciences and NASA Astrobiology Center;
2University of California at Los Angeles, Department of Earth and Space Sciences; 3Research
School of Earth Sciences, Australian National University, Canberra

35. Microbial Observatory: prokaryotic diversity of a salt marsh/estuarine complex at the
University of Georgia Marine Institute, Sapelo Island
Mary Ann Moran1, Alison Buchan1, Justine I. Lyons Moreta1, Wendy Ye1, Steven Y. Newell2,
Wade Sheldon1, David Singleton3, Karin Everett3, James Henriksen3, William B. Whitman3,
Robert E. Hodson1, Feng Chen4

Department of Marine Sciences1, Marine Institute2, and Department of Microbiology3,
University of Georgia, and Center for Marine Biotechnology4, University of Maryland

36. Utilization of a large-contig DNA library for exploring Antarctic picoplankton
diversity and as template for DNA microarrays
Alison Murray, Brandon Carter, Rebecca Cooper, Alexandra Kameda
Earth and Ecosystem Sciences, Desert Research Institute, Reno, NV

37. Diversity of Nitrogen-Cycling Microorganisms at the H.J. Andrews LTER
D.D. Myrold, P.J. Bottomley, and K. Cromack, Jr
Oregon State University
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38. Geomicrobiological Investigations of Microbial Communities in Ferromanganese
Deposits in Lechuguilla Cave, New Mexico, U.S.A.
Diana E. Northup, Clifford N. Dahm, Biology Department, University of New Mexico; Laura J.
Crossey, Earth and Planetary Sciences, University of New Mexico; Penelope J. Boston, Earth
and Environmental Sciences Dept., New Mexico Institute of Mining and Technology; Susan M.
Barns, Biosciences Division, Los Alamos National Laboratory; Michael N. Spilde, Insitute of
Meteoritics, University of New Mexico; Lawrence Mallory, Biomes, Inc.

39. Fungal community analysis using environmental genomics
H. O’Brien., Jackson, J., Johnson, J., Parrent, J., Moncalvo, J.-M. and Vilgalys, R.
Department of Biology, Duke University

40. The High Salt Requirement of the Moderate Halophile Halomonas elongata DSM3043
Can Be Satisfied Not Only by NaCl But by Other Monovalent Ions
Kathleen O'Connor and Laszlo Csonka
Department of Biological Sciences, Purdue University

41. U.S./South African Undergraduate Education and Research Workshops
Susan M. Pfiffner and Kimberly L. Davis
The University of Tennessee

42.  Lake Vostok, Life below 4 km of Ice?
J. C. Priscu1, C. M. Foreman1, J. Mikucki1, C. Wolf1, E. Adams2, R. Brown2, D. Mogk3, M.
Young4, M. Voytek5, K. Welch6, W. B. Lyons6

1Montana State University, Dept of Land Resources and Env. Sciences; 2Montana State
University, Dept of Civil Engineering; 3Montana State University, Dept of Earth Sciences;
4Montana State University, Dept of Land Resources and Env. Sciences; 5United States
Geological Survey, Reston, VA; 6Byrd Polar Institute, Ohio State University

43. Detection of Potentially Ubiquitous Taxa Using Culture-Independent Techniques
Brian A. Rash and Fred A. Rainey
Louisiana State University

44. A Tropical Microbial Observatory: Collaborative research on microbial diversity in
caterpillars
A.-L. Reysenbach1, L. Amaral Zettler2, C. Takacs-Vesbach1*,  G. Thorn3, A. Sittenfeld4, E.
Cambronero5 , F. Chavarria5, J. Diaz5 , G. Fontecha4,  R.F. Hubler1, D. Janzen6 , B. Khatoon3, A.
Laatsch2. M. Lopez4, M. Petropoulos3, S. Petropoulos3, A. Pinto4. L. Uribe4, and E. Zettler7

1 Portland State University,2 Marine Biological Laboratory, 3 University of Western Ontario, 4

University of Costa Rica, 5 Area de Conservacion Guanacaste, 6 University of Pennsylvania, 7

Sea Education Association, University of New Mexico
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45. Osmoregulation in Archaeoglobus fulgidus: Solute Stabilization Mechanisms and
Structural Studies of Enzymes in Di-myo-inositol-1,1’-phosphate (DIP) Biosynthesis
M.F. Roberts, K. Stieglitz, H. Yang, U. Mohanty, and B. Stec
Boston College

46. Microbial Distribution, Geochemical and Mineralogical Composition of Hypersaline
Mats from the Cabo Rojo Salterns
Rodríguez, S.,1 M., González,1 Z., Fuentes,2 P.,T., Visscher,3 C., Hernández,1 W., Ramírez, 2 and
L., Casillas-Martínez1

1Biology Department, University of Puerto Rico–Humacao; 2 Geology Department, University
of Puerto Rico–Mayaguez; 3 Department of Marine Sciences, University of Connecticut-Groton

47. Microbial Diversity and Genome Recycling in Glaciers
Scott O. Rogers1, John D. Castello2, William T. Starmer3, and Jack Fell4
1Bowling Green State University; 2SUNY College of Environmental Science and
Forestry; 3Syracuse University; 4University of Miami

48. The Search for Microorganisms in Brine Inclusions in Halite: An Update
Cindy Satterfield1, Russell H. Vreeland2, William D. Rosenzweig2 and Tim K. Lowenstein1

1 Department of Geological Sciences and Environmental Studies, State University of New York
at Binghamton; 2 Dept. of Biology, West Chester University

49. LExEn: Mercury Resistance in Archaea
J. Schelert, V. Dixit, J. Simbahan, E. Redfield, M. Drozda, V. Hoang and P. Blum*
University of Nebraska-Lincoln

50. Linking Resource and stress gradients to microbial community composition and
function through the soil profile of a California annual grassland at the Sedgwick
Reserve
Josh Schimel, Trish Holden, Michael LaMontagne, and Noah Fierer
Dept. Ecology, Evolution, and Marine Biology and Bren School of Environmental Science and
Management, University of California Santa Barbara

51. Alaskan Soil: A Cold Microbial Observatory
Pat rick D. Sc hloss 1, L ynn R . Wil liams on1, J oshua  P. K earns 2, J illia n F. Banfi eld2, R oger W.
Rue ss3, W illia m W. Metca lf 4, a nd Jo  Hand elsma n1

1 Un ivers ity o f Wis consi n - M adiso n, 2 Un ivers ity o f Cal iforn ia – Berke ley, 3 Un ivers ity o f
Ala ska –  Fair banks , 4 Un ivers ity o f Ill inois  – Ur bana/ Champ aign
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52.  Profound Seasonal Changes in Microbial Diversity and Function in an Alpine
Ecosystem
S. Schmidt1, A. Martin1, C. Schadt1, D. Lipson2, D. Oline3, A. Meyer1, E. Costello1, D.
Nemergut1 and J. Metcalf1

1Dept. of EPO Biology, University of Colorado; 2Dept. of Biology, San Diego State University;
3Dept. of Biology, Southern Oregon University

53. The Great Salt Plains Microbial Observatory
Mark Schneegurt1, William Henley2, Mark Buchheim3, and Robert Miller2

1Wichita State University; 2Oklahoma State University; 3University of Tulsa

54. The Complicated History of a Promiscuous Operon
Janet L. Siefert1 and James F. Kasting2

1Department of Statistics, Rice University; 2Geosciences Department, Penn State University

55. A tropical microbial observatory:  Collaborative research on microbial diversity in
caterpillars
Holly M. Simon*, Jiangchao Zhao*, Bridget F. Young*, Luis Felipe Chavarria Diaz#, Jo
Handelsman* and Robert M. Goodman*
*Department of Plant Pathology, University of Wisconsin-Madison; #Guanacaste Conservation
Area, Guanacaste, Costa Rica  (In collaboration with Daniel H. Janzen, U-Penn, Ana Sittenfeld,
U-Costa Rica, Anna-Louise Reysenbach, PSU, Greg Thorn, U-Western Ontario, and Linda
Amaral Zettler, MBL)

56. Diversity of Functional Genes Encoding Anaerobic Degradation of Benzoate,
Hydroxybenzoate and Toluene
Bongkeun Song* and Bess Ward
Department of Geosciences, Princeton University

57. A Survey of the Microbial Diversity of the Hydrogen-Driven Yellowstone Ecosystem
John R. Spear and Norman R. Pace
MCD-Biology, University of Colorado

58. Anhydrophilic microbial mats of San Salvador, Bahamas (San Salvador Microbial
Observatory)
Timothy F.  Steppe, Hans W. Paerl, UNC-Chapel Hill, Institute of Marine Sciences;
James L. Pinckney, Texas A&M University, Dept. of Oceanography; Alan J. Decho
University of South Carolina, Dept. of Environmental Health Sciences

59. Virioplankton and the annual biological cycle of the Chesapeake Bay
K. E. Wommack1, F. Chen2, and D. W. Coats3

1 Delaware Biotechnology Institute; 2 Center of Marine Biotechnology; 3 Smithsonian
Environmental Research Center
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60. Analysis of Sargasso Sea microbial communities by fluorescence in situ hybridization
using peptide nucleic acid probes
Worden, A.Z.1, R. Gausling3, J.J. Hyldig-Nielsen2, H. Stender2, and F. Azam1

1Scripps Institution of Oceanography; 2Applied Biosystems, Bedford, MA; 3University of
California San Diego Medical Center

61.  Anaerobic bacteria and methanogens in northern peatland ecosystems
J. Yavitt, S. Zinder, S. Brauer, and E. Yashiro
Cornell University

62. Viruses from Yellowstone Thermalacidic Environments
Mark Young, Dept. of Plant Sciences and Plant Pathology, Montana State University; David
Mogk, Dept. Earth Sciences, Montana State University; Kenneth Stedman, Dept. of Biology,
Portland State University; Frank Roberto, Idaho National Engineering and Environmental
Laboratories
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VI. Abtsracts of MO and LEXEN Award Projects

LExEn: Microbial Life in Freshwater Hydrothermal Vent Systems

Carmen Aguilar1, Russell L. Cuhel1, Jim Maki2, Charles Wimpee1, and Robert Paddock1.

1University of Wisconsin-Milwaukee, 2Marquette University

Understanding physical, chemical, and biochemical characteristics of organisms that thrive at high
temperatures has been a hot topic in exobiology and evolutionary biology.  The organisms can be a link to
ancient organisms and can be a key to the early evolution and development of life. Yellowstone Lake, WY is
located in the caldera of the largest volcanic eruption known.  Resultant hydrothermal vents in the northern
and western areas of Yellowstone Lake are the focus of this study.  Vents exist within these spatial
microbiogeochemical domains, which may mimic conditions of early Earth and perhaps other planets.  The
bacteria inhabiting vent systems have access to reduced minerals and oxidizing agents necessary to support
lithotrophic life. Mass balance suggests that microbes modify lake chemistry using vent chemical inputs.  We
are working to identify and characterize denizens of the extremely high temperature (to 143ºC) and mineral
(pH to 4.5, H2S to 1mM, elevated trace metals, etc.) output of freshwater hydrothermal vents and to identify
their metabolic signature upon the geochemical record.

Using a Remote Operated Vehicle with well-evolved capabilities, we sampled water chemistry and
microbial populations in nearly 100 underwater hot vents of the Yellowstone Geothermal Ecosystem.  We
conducted microbiological and geochemical analyses aimed at determining the metabolic processes promoting
life in the habitats and tolerances of the organisms to extreme conditions.  Particular effort was directed
towards elucidating mineral reactants and stoichiometries and products of microbial metabolism under the
harsh vent conditions.

Chemosynthetic fixation of carbon dioxide ranged from <0.012 to >5µgC/L/hr in hydrothermal vent
waters.  On a per liter basis, chemosynthesis often greatly exceeded optimal photosynthesis in overlying
surface waters.  Systematic variation in both absolute rate at receiving water temperatures and rate with
supplementary reduced sulfur demonstrated that both chemical composition and chemosynthetic capability of
vent fluids varied within spatial domains. In the northern basin, reduced sulfur (primarily as H2S) was
commonly found at 10-200µM and realized or potential chemosynthesis was typically high. In West Thumb,
reduced compounds (H2S, Fe(II), CH4) were absent, as was chemosynthetic capacity.  Both domains contained
vents producing geothermally-heated water up to near the boiling point for the sampled depth.

Incubations at elevated temperatures demonstrated frequent though not ubiquitous activity of
thermophilic chemosynthetic bacteria.  Compared to receiving water temperature incubations, measurements
at 50, 60, and 70°C often showed 10-fold or higher stimulation with lower proportional stimulation by
thiosulfate, while samples from bottom water just above the vents were consistently killed at these
temperatures. Analysis of variance provided valuable insight into vent orifice ecology.  At receiving water
temperatures, confidence for replicate incubations was commonly at the 2-3% level with or without
supplementary reduced sulfur.  At elevated temperatures confidence levels were frequently at the 20 to even
50% level, though they were replicate subsamples of the receiving water incubations.  This is interpreted as the
result of heterogeneous distribution of thermophiles, as might be expected of mat fragments from the lining of
vent conduits.  Because thermophiles would be inactive at 5-15°C, more uniformly-distributed freeliving
bacteria would dominate rate results at lower temperatures.

Of particular interest was the finding that thermophilic but not mesophilic chemosynthetic activity
existed at some West Thumb vent sites.  Thiosulfate stimulation at 50-70°C, in addition to occasional high
activity in unsupplemented controls suggests that thermophilic sulfur oxidizers may inhabit the deep throat of
even West Thumb vent conduits, and may effectively scour what little mineral substrate exists before fluids
reach areas susceptible to current sampling protocols.  A flexible vent-o-rooter is in design to assess this
possibility.
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Life in Acid

Jillian F. Banfield1, 2, Brett J. Baker1, 2, Gregory K. Druschel2, Thomas M. Gihring1, Steven
Smriga2, Philip L. Bond2, Jennifer Macalady1, 2, Gene Tyson1, Philip Hugenholtz1, Amanda
Barry2, Brian Fox2, David Baumler2, Charles Kaspar2

1University of California Berkeley, 2University of Wisconsin-Madison

How do extreme acidophiles survive and function in very acidic solutions and how do
they shape the geochemistry of their environments?  We have investigated microbial and
geochemical processes occurring at sites of acid formation within the Richmond pyrite (FeS2)-
dominated metal sulfide deposit at Iron Mountain (IM), near Redding, northern California. The
habitats are pH < 1.0, 30 - 50 °C solutions containing half molar concentrations of iron sulfate
and very high concentrations of Zn, Cu, and As. AMD communities in a range of acidic
environments at IM (subaerial and subaqueous biofilms, cells bound to pyrite) were described
using 16S rDNA clone libraries, via in situ studies using 16S rRNA-targeted oligonucleotide
probes, and by culture-based studies.   Results indicate that the communities contain an
unusually small number of distinct microbial groups.  11 bacterial organisms (from 7 phylum-
level groups), 2 archaea, and a variety of protists and fungi make up the total diversity in all
environments sampled.  One bacterium, an alphaprotebacterium, occurs only as a protist
endosymbiont.  About 95% of the cells in most communities are accounted for by 3 - 6 species.
Leptospirillum spp. and Ferroplasma spp. nearly always dominate.  Leptospirillum-group
bacteria are autotrophs.  Based on nif gene studies, they probably also contribute essential fixed
N2 to the subsurface biosphere. Culture-based experiments indicate that most microorganisms are
microaerophilic Fe-oxidizers, but a subset can grow anaerobically, probably coupling Fe3+

reduction to organic carbon oxidation. A few organisms (e.g., Sulfobacillus sp.) can use Fe3+ to
oxidize intermediate sulfur compounds formed on pyrite surfaces, circumventing the problem of
the low solubility of oxygen in fluids in contact with pyrite surfaces. Ferroplasma acidarmanus
is a dominant Thermoplasmales lineage organism in many communities (up to 80%). An IM
isolate of this species, fer 1, grows at pH values as low as -0.2 and utilizes both ferrous iron and
organic carbon for growth. F. acidarmanus cells are enclosed within tetraether-linked membrane
monolayers that separate pH < 1.0 solutions from the pH ~ 5.3 cytoplasm.   Its genome has been
analyzed (in collaboration with the DOE Joint Genome Institute) in order to facilitate
biochemical studies.  Its arsenic resistance and electron transport chain components have been
analyzed and protein expression and protein characterization experiments undertaken.  Genome
analyses reveal that mesothermophilic F. acidarmanus and other Thermoplasmales lineage
acidophiles trade genes with thermophilic acidophilic Sulfolobus spp., indicating that lateral gene
transfer with species in similar habitats may be important in the evolution and ecology of
extremely acidic environments.  Ongoing culture-independent genome studies target the
Leptospirillum group, as well as other community members.  Our long-term goal is to develop
gene expression arrays from the community genome data that will be used to develop microbial
ecosystem models.  This research was initially supported by NSF EGB and is currently
supported by LExEn, and the DOE Microbial Genomics Program.
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Analyses of Red Layer Bacteria and Thermal Source Water, from Alkaline Hot Springs
in Yellowstone National Park Demonstrate Diversity and Selection in the Green Non-
Sulfur Bacteria Lineage

S.M. Boomer, D.P. Lodge, P.F. Williams, M.S. Boschee

For this NSF-MO-RUI, we have characterized novel bacteriochlorophyll a-containing
(Bchl a) filamentous bacteria that form distinct red layer communities in alkaline hot springs in
Yellowstone National Park (35-60°C, pH 7-9). Red layer communities were all composed of
filamentous bacteria that displayed distinct and, in some cases, novel in vivo Bchl a/protein
absorbance maxima (800-910 nm).  We isolated total genomic DNA from a subset of these sites
and amplified eubacterial 16S rRNA sequences using both standard eubacteral primers and new
Green Non-Sulfur (GNS) specific primers we developed. Phylogenies constructed using
nucleotide sequence data from each clone were used to infer identity of individual isolates and to
compare diversity from distinct sites. GNS-like sequences from Red Layer Microbial
Observatory (RLMO) communities were most similar to Roseiflexus and formed a distinct
cluster within GNS.  Subgrouping within this cluster was site-specific.  Observed clustering could
not be correlated with measured site data, including temperature, pH, and pigment signatures.
We also detected red GNS sequences and filaments in thermal sourcewater (65-90°C, pH 6-9)
that supports four RLMO communities.  Currently, we are attempting to address potential
geochemical factors that may drive observed site-specific selection and diversity.  Preliminary
data suggests site-specific chemical variation, supporting our working hypothesis that chemical
determinants correlate with observed molecular diversity.  In addition, application of 953RRED-
DIG, a red-GNS specific probe, to total RNA from sectioned mat layers of three RLMO sites
suggested that red GNS sequences primarily localize with red layers.  An ongoing RLMO
database has also been developed, which includes all RLMO site data and molecular data.
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Understanding the role of the soil microbial community in the arctic tundra

Laura C. Broughton

The Ecosystems Center, Marine Biological Laboratory, Woods Hole, MA 02543, Ph: 508-289-
7758, Email: lbroughton@mbl.edu

       In the arctic tundra soil microbes control the flow of nitrogen, carbon, and phosphorus
through the system.  Microbes are better competitors than plants for the plants’ limiting
nutrients, nitrogen and sometimes phosphorus; however, plants fix the carbon on which microbes
rely for growth.  This interdependence of the plant and soil microbial communities suggests that
phenomena that alter one community should affect the other community and, ultimately,
influence those ecosystem processes controlled by soil microorganisms.  Global climate change
may alter ambient air temperatures, nutrient availability, and light availability to plants.  Long-
term studies in the arctic have found changes in plant community biomass, community
composition, and nutrient uptake rates and tissue concentrations.  I am investigating the effects
these potential climate change variables have on the soil microbial community at the Arctic
Tundra LTER site in Alaska.  I have sampled soil microbial communities from existing long-term
manipulations of temperature and nutrient availability in 5 tundra types to determine whether the
treatments affect the soil microbial community.  In addition to characterizing the plant
communities and measuring nitrogen process rates, I will measure soil microbial biomass and soil
microbial community composition using phospholipid fatty acid (PLFA) analysis and terminal
restriction length polymorphisms (tRFLP).  An understanding of the fundamental role of soil
microorganisms in the arctic tundra will not only add to our basic understanding of microbial
ecology, but also allow us to better predict the effects of climate change on this ecosystem.
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Diversity of Genes Mediating Aromatic Ring Cleavage in Salt Marsh Bacterial
Communities

Alison Buchan1, Ellen L. Neidle2, and Mary Ann Moran1

Departments of Marine Sciences1 and Microbiology2, University of Georgia, Athens, GA, 30602

The degradation of lignin-related aromatic compounds is an important ecological process
in many coastal marine ecosystems.  In the highly productive salt marshes of the southeastern
U.S., marine bacteria harbor genes encoding enzymes of the protocatechuate (pca) branch of the
_-ketoadipate pathway, a major catabolic route for lignin-related aromatic compounds.  Many of
these bacteria can be cultivated and thus provide a unique opportunity to carry out the
physiological and genetic studies necessary in linking microbial genomes with ecological function.
We initially assessed the diversity of a gene encoding a key ring-cleaving enzyme of the pathway,
pcaH, amplified from bacterial communities associated with decaying Spartina alterniflora, the
salt marsh grass that dominates these coastal systems, as well as from enrichment cultures with
aromatic substrates.  Sequence analysis of 149 pcaH clones and pcaH sequences amplified from
36 bacterial isolates suggested:  (1) the diversity of the genes encoding a single step in aromatic
compound degradation in the coastal marsh examined is high and (2) members of the Roseobacter
lineage, a dominant marine clade within the _-Proteobacteria, may be the primary aromatic
compound-degrading bacteria in these systems.  These findings prompted more in-depth studies
of the genetic diversity of the _-ketoadipate pathway among eight members of the Roseobacter
lineage (pairwise sequence identities of the 16S rDNA gene ranged from 92 to 99%).  Genomic
fragments containing gene clusters of this pathway were isolated and characterized by targeting
pcaH.  Sequence analysis revealed five unique gene arrangements.  Identical clusters were found
mostly between isolates demonstrating species-level identity (i.e. > 99% similarity of 16S
rDNA).  In one isolate, six functionally related genes were identified.  The remaining seven
isolates lacked at least one of these six genes within their respective gene clusters, however, the
relative gene order was identical in all isolates.  These results clearly portray the dynamic nature
of this group of genes involved in aromatic compound degradation.  Continued investigations may
answer questions regarding the selective pressures shaping the evolution of genome organization
and the role of these catabolic genes in community structure and ecological function.
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The special problems of microbial processes in the extremely oligotrophic environments
common to many marine and freshwater systems

Don Button, Elizabeth Grover, and Ziaoming Zhao

Institute of Marine Science and Department of Chemistry and Biochemistry
University of Alaska, Fairbanks Alaska 99775

Microorganisms compete with one another for nutrients thereby lowering  limiting
concentrations to minimum values for survival. Evolution optimized  cytoarchitecture to thrive in
an extremely dilute environment. Specific affinity theory was developed to define the ability of
microorganisms to accumulate limiting nutrients and grow under this constraint. The theory
combined physical and bioenergetic constraints with the amounts and catalytic properties of
involved proteins. Novel flow cytometric methods found most organisms to be DNA rich but
protein poor as well as very small to conserve resources, and the small were as active as those
slightly larger. Tests of the theory utilized these data together with those from a marine bacterial
isolate. Results quantified the importance of a membrane potential, permease content,
cytoplasmic pool concentration, and cytoplasmic enzyme content in generating the large affinities
needed for successful competition.  Contrary to Michaelis Menten in many ways, it forecast
minimal rather than maximal affinities at small concentrations of substrate leading to threshold
values. Associated rate constants showed the necessity for using many substrates simultaneously
for growth and survival. This suggested the coexistence of few rather than many species,
consistent with limited T-RFLP data.

Annual transitions in the far north appeared to be complicated by difficulties attaining the
resources required for temperature adaptations, particularly under nutrient-poor cold conditions.
These adaptions are reflected by changes in activation energies with warming or cooling that are
interpreted as lipid-protein complexes functioning outside their design temperature resulting in
both reduced catalytic efficiency and enhanced solute and proton leakage. Data favored
temperature preference transitions that involved a change in species composition.

Extinction cultures where organisms are diluted to a single individual into filtered seawater,
demonstrated ability for sustained growth without amendments and that cultures produced can
have the small cell mass and genome size of in situ populations. Associated statistics derived
demonstrate methods of calculating viabilities that include a species count and cell-cell
interactions. The method was improved by use of diffusion cultures but further improvements
are required. One  problem involves finding ways of sustaining cultures under conditions that
increase biomass to preparative quantities while sustaining viabilities.  It is particularly severe for
the small low-DNA content representatives that require cytochemical descriptions to
understanding growth in extremely dilute environments on a molecular basis. It is concluded that
cytoarchitecture-based kinetic models can explain much of oligobacteria data. Much on the
necessary information can be derived from the developing area of proteomics. For this better
representatives of natural communities are required. Patience is necessary to develop the
appropriate cultivation methods due to slow growth and aversion to added nutrients.
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Interactions Between Hyperthermophiles and Silica Mineralization: Implications for
Paleobiology

Sherry L. Cady

Department of Geology, Geomicrobiology & Electron Microscopy Laboratory
Portland State University, P.O. Box 751, Portland, OR  97207-0751  cadys@pdx.edu

Hydrothermal deposits that formed in the presence of thermophiles are the paleobiological
repositories of one of Earth’s earliest ecosystems.  Molecular phylogenetic studies of extant life
suggest that the earliest hydrothermal ecosystems were inhabited by hyperthermophiles (optimum
growth temperatures > 80°C), microorganisms that define life’s upper temperature limit.  It remains
debatable whether life evolved at high temperatures, or whether high temperature microorganisms
were the only groups to survive the massive impact events of the late bombardment period.  In either
case, study of the potential for hydrothermal deposits to serve as important paleobiological
repositories supports NSF’s goal to understand how the products of early life on Earth are preserved
in the geological record.  To maximize paleobiological interpretations of hyperthermophilic
communities from ancient hydrothermal deposits requires an understanding of the processes by which
hyperthermophilic biosignatures are initially preserved and subsequently altered by post-depositional
diagenetic effects (Cady et al., 2000, Astropaleobiology, In Fossils and the Future: Paleontology in
the 21st Century).  Biogenic signatures, the products of life preserved in the rock record, include
microfossils, stromatolites, and chemical fossils (Cady et al. in press, Astrobiology).  The primary
goals of this three year LExEn project (funded in 1998) were to identify the organosedimentary
processes responsible for the preservation of hyperthermophilic biosignatures in high-temperature
ecosystems and to document how primary biosignatures are altered during the earliest stages of
taphonomic and diagenesis (i.e. postdepositional) alteration.

To establish a framework for interpreting the paleobiology and paleoecology of
hyperthermophilic communities fossilized in siliceous hydrothermal deposits (e.g., thermal spring and
epithermal deposits), extant microbial communities in modern silica-depositing thermal springs were
characterized by molecular phylogenetic (Blank et al., 2002, Applied Environmental Microbiology)
and various microscopy methods (Cady et al. submitted to Geobiology).  Samples containing
hyperthermophilic microfossils that displayed morphological fidelity were investigated by electron
microscopy methods to identify the mechanisms of fossilization (Cady submitted to Canadian
Journal of Earth Sciences).  To establish a baseline survey of the types of unique hyperthermophilic
biomarker compounds preserved in natural siliceous hydrothermal deposits, modern sinter samples
with organically preserved hyperthermophilic remains were analyzed for biomarkers (Jahnke et al.,
2001, Applied Environmental Microbiology).  The organosedimentary interactions responsible for
the morphological development of high-temperature siliceous sinter stromatolites were investigated
from the submicroscopic to macroscopic scale (Cady in preparation for Paleogeography,
Paleoecology, Paleoclimatology).  Field experiments designed to produce siliceous hydrothermal
deposits from natural hydrothermal fluids in a “water tunnel” were conducted at a geothermal power
station in New Zealand (Cady and Brown in preparation for Geothermics).  An improved ability to
recognize and confidently assess in the geological record the biogenic signatures of
hyperthermophilic communities will advance interpretations of the early fossil record of life on
Earth and, potentially, on Mars (Cady, 2001, Paleobiology of the Archean, In Advances in Applied
Microbiology).  Our poster summarizes the results published in the aforementioned papers.

Future research goals include the development of a biogeochemical model that describes the
flow of carbon through the hydrological, microbial, and lithological components of bacteria- and
archaea-dominated thermal spring ecosystems in pristine regions of the Kamchatka peninsula in far
eastern Russia.  The aim of such studies–to understand how biocomplexity information indicative of
distinct microbial communities is preserved in the geological record–is a logical outgrowth of our
efforts to understand microbial biosignature formation, preservation, and detection. This work was
supported by two complimentary grants to S.L.C. (NSF-EAR-LExEn 9809471 and NASA
Exobiology NAG5-9579).
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Genome and expression analysis in the episymbiont community associated with Alvinella
pompejana, a deep-sea hydrothermal vent polychete

Barbara J. Campbell1, Jeffrey L. Stein2 and S. Craig Cary1

1University of Delaware, College of Marine Studies, Lewes, DE 19958 and
2Quorex Pharmaceuticals, Inc., Carlsbad, CA 92009.

The deep-sea polychete, Alvinella pompejana, colonizes tubes on the sides of black
smoker chimneys along the East Pacific Rise.  A diverse, yet phylogenetically constrained
episymbiotic community is associated with its dorsal surface.  The morphologically and
phylogenetically distinct dominant episymbionts grouped into the epsilon subdivision of the
Proteobacteria.  The dominant episymbionts have not been cultured, and there are no clearly
defined roles for these bacteria in this symbiosis.  A large insert fosmid library was screened for
the presence of the two dominant phylotypes.  Two fosmids containing phylotype-specific 16S
rDNA sequences were fully sequenced.  There were several (between 25-30) identifiable ORFs
corresponding to known and putative prokaryotic proteins.  Many of these were similar to either
other epsilon Proteobacteria proteins or thermophilic bacterial proteins.  An alignment of the
fosmids indicated a large stretch of identity starting with the 16S rDNA gene, which sharply
ended after a highly homologous ORF.

Each fosmid had a gene encoding ATP citrate lyase, a key enzyme in the reverse TCA
cycle, a CO2 fixation pathway.  A selection of episymbiont communities from various geographic
locations and vent sites were screened for the presence, diversity and expression (via RT-PCR)
of the ATP citrate lyase gene.  Our results indicate that the ATP citrate lyase gene is not only a
consistent presence in these episymbiont communities but is also expressed.  These results
suggest that members of both the episymbiont and the surrounding free-living community
display a chemolithoautotrophic form of growth and therefore may significantly contribute fixed
carbon to other organisms in the vent community.
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Interactions Between Dissolved Organic Matter, Microbial Processes and Community
Structure at the Bermuda Atlantic Time-Series Station

Craig A. Carlson: Department of Ecology, Evolution, and Marine Biology, University of
California, Santa Barbara, CA  93106-9610. carlson@lifesci.ucsb.edu

Stephen Giovannoni: Department of Microbiology, Oregon State University, Corvallis, OR
97331

Dennis Hansell: University of Miami Rosenstiel School of Marine and Atmospheric Science
Miami, FL 33149

The North Atlantic subtropical gyre near Bermuda is the site of the U.S. JGOFS Bermuda
Atlantic Time-series Study (BATS) site.  Since 1991 it has been a site where microbial processes
and their interaction with dissolved organic carbon (DOC) has been studied. The northwestern
Sargasso Sea displays seasonal dynamics in DOC accumulation and distribution of bacterial
biomass and community structure.   Studies conducted at the BATS site show that DOC stocks
accumulate rapidly within the euphotic zone shortly after restratification of the water column
and remain at elevated concentrations in the surface waters through the summer into early
autumn.   Deep convective mixing during the winter can result in a portion of the seasonally
accumulated DOC to be mixed to depths below the euphotic zone. Elevated microbial biomass is
also enhanced below the euphotic zone following deep convective mixing.  Following
stratification, the exported DOC becomes trapped within the aphotic zone and DOC is removed
on time scale of weeks to months. Microbial community structure as well as nutrient regime
differ significantly at depth compared to the surface waters.  It is hypothesized that microbial
community structure present at depth may be adapted to utilize more recalcitrant DOM
otherwise unavailable to surface water microbial communities.

From 1994 - 1999 the maximum deep mixing depth shoaled approximately 100 m with a
subsequent accumulation of 4 µM C in the surface 140 m during this time period.  Accumulation
of suspended organic matter in the surface 140m may be associated with the fact that there was
limited export of "semi-labile" organic matter into a depth horizon where microbial community
structure and nutrient regime would promote utilization of "semi-labile" DOC.  An overview of
time series data as well as experimental work addressing this issue will be presented.
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Microbial Diversity in Lakes of the Hawaiian Archipelago

Stuart P. Donachie and Maqsudul Alam*
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Hawaii 96822

The Hawaiian Archipelago is a biodiversity ‘hotspot’ where similar habitats on adjacent
islands host different flora and fauna. Since microbial diversity throughout any Hawaiian habitat
has never been described, the islands present opportunities to discover new species. The five
natural Hawaiian lakes are up to 1150 nautical miles apart, located at elevations ranging from 0 –
13000 feet, and present diverse morphometries and chemistries. Few Hawaiian habitats are
unaffected by man, but the lakes’ isolation may have encouraged the development of novel
bacteria or consortia. Here we describe microbial diversity and novel Bacteria in hypersaline Lake
Laysan, meromictic Lake Kauhako, and a previously unreported brackish pond on the Pearl and
Hermes Atoll, remote sites in the Hawaiian Archipelago.

* alam@hawaii.edu
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Hyperthermophiles of the hydrothermal vent subsurface: environmental stress limits for
two hyperthermophilic archaea

Virginia P. Edgcomb, Stephen Molyneaux, Simone Böer, Carl Wirsen, Karen Lloyd, Michael
Atkins, Andreas Teske
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02543

Hyperthermophilic archaea, isolated from deep-sea hydrothermal vents, survive and grow
under extreme heat, pressure, and chemical toxicity. We have tested growth (all nutrients were
available) and survival (minimal media without heterotrophic substrates) of two heterotrophic
archaea under relevant in situ conditions. Both Pyrococcus sp. strain GB-D and Thermococcus
fumicolans were capable of growth at 90 or 100°C and up to
atm, exhibiting only a minor reduction in growth at low (4.5-5.0) pH. The deep subsurface is a
heterogeneous environment, and deep subsurface organisms should be able to tolerate exposure to
a variety of environmental stresses. Under starvation conditions at 1 atm and 90°C, acidic pH of
4.5 had little effect on survival of either organism over 24 hrs. Both demonstrate tolerance to
pressure as high as 945 atm at 90°C (pH 7), with decreased survival at low pH. Growth of T.
fumicolans and Pyrococcus sp. occurred in the presence of up to 80 mM and 40 mM sulfide,
respectively, at pH 7, 845 atm and 90°C.  Both exhibited enhanced growth at 100°C and 1100
atm in up to 80 mM sulfide. Under starvation conditions both survived the above combinations
of temperature and pressure plus up to 95 mM sulfide. Sulfide reduced toxicity to free-metal ion
concentrations of iron, zinc, cobalt, and copper under starvation conditions, most likely by
complexing the free metal ions. The chemical and physical extremes that limit growth and survival
of these organisms indicate the range of conditions that can be tolerated by hyperthermophilic
archaea in the deep subsurface biosphere.
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Native Expression of Cysteinyl-tRNA Synthetase in the Extreme Halophilic Archaeon,
Halobacterium sp. NRC-1
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Aminoacylation of tRNA by aminoacyl-tRNA synthetases is a key step in protein
biosynthesis. The recent sequencing of the extreme halophile, Halobacterium sp. NRC-1, revealed
that the organism possesses a cysteinyl-tRNA synthetase (CysRS) that has close similarity to
its bacterial counterparts, in contrast to most archaeal enzymes which share similarity to their
eukaryotic counterparts. We cloned and expressed the cysS gene in E. coli, but observed little
enzymatic activity. We therefore cloned the cysS gene into a halobacterial expression vector,
which provided a polyhistidine tag for purification. Transformation of the wild-type NRC-1
strain with the recombinant vector yielded over-expression of the enzyme. With a specific salt
buffer, the protein was purified using a metal-affinity resin and was shown to have the
aminoacylation activity.  This demonstrates the utility of homologous protein expression and
purification from halobacteria and eliminates the need to transfer genes into E. coli. We now have
the foundation to investigate the halobacterial CysRS for its substrate specificity and to compare
the specificity with that of its eubacterial and eukaryotic counterparts.
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Species Diversity and Community Structure of Coccoid Algae
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Very little is known about the diversity and distribution of freshwater unicellular coccoid
green algae.  Current hypotheses suggest that species of coccoid algae are widely distributed,
opportunistic organisms.  These hypotheses are based upon the assumption that phytoplankton
communities include only one or a few species of coccoid algae.  We designed this project to test
these hypotheses by examining the diversity of coccoid algae from seven sites in Itasca State Park,
Minnesota and three lakes in the Arrowwood National Wildlife Refuge, North Dakota.  At North
Dakota State University, we have established a collection of over 900 algal isolates (over 600
coccoids) from the Itasca sites and had previously collected over 200 isolates of coccoid and fusiform
algae from the Arrowwood lakes.  Each of these isolates has or will be characterized by light
microscopy and PCR-RFLP of the 18S rDNA.  The 18S rDNA of isolates with unique restriction
patterns or morphologies are then sequenced.  At this time, we have characterized nearly all of the
coccoid phytoplankton isolates and some of the coccoid tychoplankton; over 300 isolates.  Students
working with us have also characterized approximately 40 isolates of fusiform algae (e.g.,
Ankistrodesmus and Monoraphidium spp.).  Collaborators at the University of Tulsa (Mark and Julie
Buchheim and students) have also characterized 52 isolates of coccoid and flagellate Chlorophyceae
from among our isolates.  Additional collaborators, J. Craig Bailey and students at the University of
North Carolina, Wilmington, have established their own collection of about 400 isolates focusing on
the chromophyte algae, particularly the Eustigmatophyceae and Xanthophyceae.  Dr. Bailey=s group
has 18S rDNA sequences for about 60 isolates.  Finally, Heather Owen and her students at the
University of Wisconsin, Milwaukee, have been characterizing some of our isolates by electron
microscopy.

Although the sequencing efforts of all of our groups are ongoing, the Fawley and Buchheim
groups have thus far sequenced 120 different 18S genotypes among the isolates that we have
characterized.  These sequences have been included in phylogenetic analyses which include all
published sequences of representatives of the appropriate algal classes.  Of these 120 different 18S
rDNA sequences, only 4 match published sequences.  These isolates include apparent new species of
Nannochloropsis, Mychonastes, Choricystis, Muriella, Chlorella , and Pseudomuriella, among others.
Several of the isolates can not be placed with confidence within any existing genus.  For the very
common Choricystis and Mychonastes/Pseudodictyosphaerium, we have also been sequencing rbcL
genes and/or the ribosomal ITS regions.  Results of this effort strongly suggest that multiple cryptic
species share the same 18S rDNA sequence.  These results also suggest that morphological evolution
is not coupled to variation in the genes that we are sequencing.

We also have extensive results on the distribution of the coccoid and fusiform
phytoplankton.  No characterized genotype of coccoid or fusiform alga has been found in all the sites
at Itasca.  In addition, only 2 out of 80 18S rDNA genotypes of coccoid and fusiform isolates have
been found in both Itasca and Arrowwood sites.  These results strongly challenge the assumption that
only a few species of coccoid algae are widely distributed among all lake types.

This material is based upon work supported by the National Science Foundation under Grant
No. DBI-0070387 and MCB-0084188.  Additional funding provided by North Dakota EPSCoR and
the North Dakota Water Resources Research Institute.
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Diversity of Nitrite Reductase Genes from Aquatic and Sedimentary Environments
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Denitrification, the dissimilatory reduction of nitrate and nitrite to gaseous products (NO,
N2O, N2) under suboxic conditions, is the main loss term for fixed nitrogen from ecosystems to the
atmosphere.  This process also leads to the accumulation of the gaseous intermediates, NO and N2O,
which are potent greenhouse gases and also contribute to destruction of the ozone layer.  Nitrite
reductase, the key metalloenzyme responsible for catalyzing the first committed step to a gaseous
product, occurs in two distinct forms that are structurally different but apparently functionally
equivalent: NirS, containing iron (heme-cd1); and NirK, containing copper (spectroscopic types I and
II).  Although the functional genes encoding these nitrite reductases (nirS and nirK) are useful
molecular markers for the environmental detection of denitrifiers, the diversity of denitrifiers in
most environments has yet to be explored and, hence, the “key players” and environmental factors
influencing their distributions are not known.  My postdoctoral research exploits the nitrite reductase
genes to explore how the distribution, diversity, and activities of denitrifiers are influenced by
environmental conditions in two very different aquatic environments: Chesapeake Bay and Lake
Bonney (Antarctica).

Chesapeake Bay, the largest estuary in North America, encompasses a wide range of nutrient
loading and trophic status from the upper river to the sea.  We are exploring relationships between
functional diversity and physical/chemical complexity along this gradient.  nirS genes were PCR-
amplified from DNA extracted from sediment cores collected at several stations spanning
environmental gradients of salinity, DOC, and NO3 along the bay.  Sequencing of >100 nirS clones
from each station revealed extensive and unprecedented diversity, and detected distinct spatial
structure in the nirS sequence "populations".  The vast majority of the nirS sequences fell into
coherent phylogenetic clusters distinct from sequences of known denitrifiers, implying that cultivated
denitrifiers are simply not representative of natural microbial assemblages.  We have used this
extensive database of estuarine nirS sequences to design 70-bp oligonucleotide probes, which we are
using on DNA microarrays to detect and quantify homologous genes (and transcripts) in nucleic acid
extracts obtained directly from the Bay.  Although the sequence database must be explored and
expanded for each environment, the microarray approach for investigation of diversity and activity
should be a powerful tool in any environment.

Lake Bonney is a permanently ice-covered, chemically-stratified Antarctic lake that is
unusual because denitrification occurs in the deep anoxic waters of the west but not the east lobe. The
environmental factors generally thought to control the rate of denitrification (e.g., DOC, NO3, and
O2 availability) are not sufficient to explain the distribution of denitrification in this extreme
environment, suggesting that other factors (e.g., trace metal availability/concentrations) may be
involved.  The goal of this project is to compare the distribution, diversity, and expression of nitrite
reductase genes in the two lobes in an attempt to address this mystery.  The molecular approaches
used for the Chesapeake Bay (e.g., nir clone libraries, microarrays) are now being applied to Lake
Bonney samples, and these molecular data will be compared to relevant chemical parameters (e.g.,
trace metal concentrations).  Overall, this project should not only help to explain the unusual
nitrogen cycle of Lake Bonney, but also to understand the factors that influence the regulation of
denitrification in all environments.
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The USC Microbial Observatory

Jed Fuhrman, David Caron, Ian Hewson, Peter Countway, Michael Schwalbach, Astrid
Schnetzer, Rebecca Schaffner, Mark Brown and Matt Travao

Wrigley Institute for Environmental Studies and Department of Biological Sciences, University of
Southern California, Los Angeles

The USC Microbial Observatory focuses on exploratory investigation of prokaryotic and
unicellular eukaryotic diversity in the San Pedro Channel, California, with an initial focus on
time-dependent changes in community composition in relation to environmental parameters.  We
are currently 2 years into this 4-year project.  Our primary sampling site is located midway
between Los Angeles and the USC Wrigley Marine Laboratory on Santa Catalina Island, in
approximately 900 m of water.  This site is visited monthly by ship for sampling to 500 m
depth.  Additional sampling is conducted on an ad hoc basis in coastal water near the lab on
Catalina Island. In addition to basic oceanographic parameters measured by the Wrigley Institute
for Environmental Studies as part of the San Pedro Ocean Time Series (temperature, salinity,
chlorophyll, inorganic nutrients and dissolved oxygen), we monitor the abundance of the
microbial assemblages by flow cytometry (Synechococcus, Prochlorococcus, total prokaryotes,
phototrophic picoeukaryotes), microscopical analysis (phototrophic and heterotrophic
nanoplankton, microplankton, prokaryotes), prokaryotic activity by incorporation of labeled
leucine and thymidine, and the diversity by an array of molecular-based techniques.  These are
done at 4 depths, ranging from 5 m to 500 m.  Clone libraries of 16S rDNA, 18S rDNA, and 16S-
23S intergenic spacer regions are used for basic discovery (i.e. characterization of novel and
known phylotypes, and changes in these assemblages through time and space) and to create
databases suitable for interpretation of molecular fingerprinting and in situ hybridization studies.
Fingerprinting includes terminal restriction fragment length polymorphism (TRFLP), amplified
ribosomal intergenic spacer analysis (ARISA), and denaturing gradient gel electrophoresis
(DGGE) of partial rRNA amplicons.  These analyses are presently underway, and results will be
presented.  Microbial samples and DNA collected at each time and depth have been archived,
permitting a broad array of retrospective analyses as new methods become available.  In addition
to molecular and visual analysis of microbial assemblages, a culture collection of unicellular
eukaryotes is being established to provide morphological identification of species characterized
by molecular signatures.  Separately funded projects address the abundance and diversity of
marine viruses at the time series station, and the diversity of bacteria in the sediments.  The virus
work is particularly relevant for understanding the processes that regulate microbial diversity
because viruses are thought to be a potentially significant factor in such regulation.
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Prokaryotic diversity of biological soil crusts in aridlands of North America: a new NSF
biotic surveys and inventories project

Ferran Garcia-Pichel and Jean Schmidt, Arizona State University.
Richard Keller, NASA-Ames Research Center

Biological soil crusts are mm- to cm- thick, physically coherent assemblages of
microorganisms that develop in geographical areas where plant cover is restricted by aridity.
They are dependent of microbial photosynthesis during times of water availability.  In spite of
their global significance, and in spite of their recognized potential for influencing arid land
hydrology, erodibility, fertility, and biogeochemical cycling, there has been virtually no efforts to
define, characterize and inventory the nature and composition of prokaryotic communities within
them.  We proposed to remedy such blatant lack of knowledge by initiating a survey of
prokaryotic diversity within biological desert crusts from various sites spanning a gradient of
aridity in North America. Due to the magnitude of prokaryotic richness, we will concentrate our
survey in organisms that are either abundant in the field or interesting due to their phylogenetic or
metabolic novelty.  For this, we will use a mixed approach that will entail molecular methods of
microbial community fingerprinting as well as more traditional enrichment, cultivation,
characterization and formal description approaches.  Community fingerprints will be based on
environmental nucleic acid analysis through Denaturing Gradient Gel Electrophoresis of PCR-
amplified 16S rRNA gene fragments, allele recovery, sequencing and phylogenetic analyses. This
will result in community fingerprints, an inventory of molecular diversity and, importantly, in
the determination of common and widespread ‘phylotypes”.  Paralelly, we will initiate
enrichment cultivation efforts for a variety of bacterial metabolic guilds, which will be guided by
feed-back from our molecular inventories. From a large number of initial isolates, for which we
will perform restricted characterization, we will select those that are representative of important
natural populations, or otherwise interesting to science.  The latter will be submitted to intensive
characterization and formal taxonomic description.  Local, accessible repositories will be set up
for samples, DNA extracts, and isolated strains. Public repositories will be extensively used for
DNA sequence data and well-characterized strains.  Information gathered during the work will
also be processed to unravel patterns of distribution and abundance of desert crust prokaryotes..
The establishment of a web-based, publicly accessible database on desert bacteria will be a central
part of the project. This database, created with a high inter-linking capability, will manage, store
and make available all data obtained during the project, and will centralize otherwise scattered
information.
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Protistan Molecular Ecology and Physiology in Antarctic Waters

Rebecca J. Gast1, David A. Caron2, Dawn M. Moran1, Julie M. Rose2, Mark R. Dennett1,
Rebecca A. Schaffner2, and David J. Patterson3

1Woods Hole Oceanographic Institution, 2University or Southern California, 3University of
Sydney

The diversity of protistan assemblages has traditionally been studied using microscopy and
morphological characterization.  Due to the tedious nature of this methodology and the inherent
lack of taxonomic characters associated with many small protists, these approaches are
inadequate for ecological studies of these communities.  Molecular methods that utilize gene
sequences for the identification and quantitation of naturally occurring protists offer a solution to
this problem.  We are applying denaturing gradient gel electrophoresis and ribosomal gene clone
library analyses for determining the genetic diversity of protistan assemblages in seawater, ice
and sea ice meltwater samples of antarctic coastal waters.  This work has begun to yield
significant insights into the diversity and distribution of protistan species within these
microhabitats.  We are using the information that we have already collected to develop and apply
quantitative PCR techniques to determine the abundances of selected populations, and in situ
hybridization coupled with flow cytometric sorting to determine the morphology of uncultured
protists that have been identified by their ribosomal sequences.

Additionally, we have established a substantial culture collection of Antarctic protistan
species.  There are very few quantitative data on the cellular processes of Antarctic protists, and
the conclusions drawn from these studies regarding psychrophily, intrinsic growth rates and
growth efficiencies of these organisms have been contradictory.  We are conducting an intensive
study to characterize the basic physiological processes of photosynthetic and heterotrophic
protists at extreme low temperature using the unique and extensive culture collection that we
have produced.  Our studies entail measurements of growth rates (for all protists), and feeding
rates and growth efficiencies (for phagotrophic species) in an effort to examine the growth
potential of these species and thus their adaptations to, and contribution to, biological processes
in extreme cold water environments.  Understanding these abilities is central to understanding the
magnitude of the role of protists in antarctic (and deep water) marine ecosystems as physiology
dictates ecological success and importance in a community.
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South African Ultradeep Mines-Long term sites for interdisciplinary studies into the
extreme environment of the deep subsurface (LExEn)

J. Hall, L. Lin, B. Mislowac, T.J. Pray, S. Devlin and T.C. Onstott, Princeton University; S. Pfiffner,
A. Peacock, D.C. White and K. Davis, University of Tennessee; T. Phelps-Oak Ridge National
Laboratory; D. Moser, J. Fredrickson, T. Gihring and F. Brockman, Pacific Northwest National
Laboratory; T. Kieft and S. McCuddy, New Mexico Institute of Mining and Technology; D. Boone
and A. Bonin, Portland State University; L. Pratt, E. Boice and J. Fong, Indiana University; B.
Sherwood Lollar, J. Ward, G. Slater, Univ. of Toronto ; J. Lippmann, M. Stute and P. Schloesser,
Lamont-Doherty Earth Observatory; G. Southam and M. Lengke, University of Western Ontario ;
D. Balkwill and E. Trimarco, Florida State University ; D. Litthaur and E. van Heerden; Univ. of Free
State; M. Davidson and C. Reye, Univ. of Witwatersrand

The geochemical, isotopic and microbial attributes of over 100 water and gas samples taken from
the deep mines in South Africa from 0.8 to 3.3 km below the surface (kmbls.), temperatures up to
60oC and over a 40,000 km2 area have been analyzed.  Results from these samples indicate the
following:
1. Estimates of the subsurface residence time or the groundwater range from 30 kyr for low salinity

water to ca. 400 Myr for saline water.
2. Prior to 90 Ma temperatures for the deepest fractures sampled exceeded 105oC.
3. The concentrations of microbial cells ranged from <5x103 (detection limit) to 5x105 cells/ml.
4. Methane and hydrocarbons from depths >2 kmbls. appear to originate by abiogenic reduction of

CO2 and oxidation of H2.
5. Methane from depths < 2 kmbls. appear to represent a mixture of methanogenic and

thermogenic methane.
6. Copious amounts of H2 appear to be created by radiolysis of water.  Radiolysis may also be

responsible for the high concentrations of sulfate encountered at depths > 1.5 kmbls.
7. At depths >1.5 kmbls, indigenous bacterial populations are composed of SRB’s including

meso/thermophilic Desulfotomaculum-like gram positives and several novel, deeply branching
bacterial lineages.  The predominant archaeal clone type from the highest temperature water
(60°C) was 99% similar to Pyrococcus abysii.

8. At depths < 1.5 kmbls. methanogens such as Methanosarcina or Methanosaeta are common.
9. Microbial sulfate reduction appears to be the dominant electron accepting process at depths >1.5

kmbls; whereas, methanogenesis appears to be more abundant at depths <1.5 kmbls.
10. The microbial abundance is far less than expected based upon the availability of electron donors

and acceptors for depths > 1.5 kmbls. implying some other limitation upon microbial growth.

Ongoing sample collection seeks to filter sufficient microbial biomass for stable and 14C analyses
and for elemental analyses in order to determine the carbon substrate and turnover rates.
Underground coring is in progress to identify the rates of gas and aqueous nutrient migration from the
rock matrix into the fracture zone, the presence of any microbial communities in the rock matrix
proximal to the fractures and biomineralization on the fracture surfaces.
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An acid, thermal stream, Nymph Creek, Yellowstone National Park, as a microbial
observatory

Joan M. Henson, Mike Ferris, and Kathy Sheehan, Department of Microbiology, Montana State
University, Bozeman, MT 59717 email: jhenson@montana.edu

Nymph Creek in Yellowstone National Park (YNP) is a geothermal, acidic stream with a
microbial mat that extends across pH, light, and temperature gradients.  Microelectrode analyses
also demonstrated vertical oxygen and sulfide gradients in the mat.  Although the mat is saturated
with oxygen generated by algal photosynthesis during the day, at night oxygen is depleted and
the lower depths of the mat are anaerobic and generate sulfide. We characterized microbial
populations at an upstream site (53 C, pH 2.7, full sunlight) and a downstream site (30 C, pH
3.3, shade).  Prokaryotic members of the mat include sulfur, sulfite, thiosulfate, and sulfate
reducers.  Eukaryotic members include a Cyanidium calarium-like red alga that predominates at
warmer stream temperatures, and a Chlorella-like green alga that predominates at cooler stream
temperatures.  Previously undescribed algae, amoebae, and eubacteria were also cultured and/or
detected by PCR.



37

Plum Island Estuary Microbial Observatory

John Hobbie, Byron Crump and Anne Bernhard.

The Plum Island Estuary Microbial Observatory (PIE-MO), located at the Plum Island Estuary LTER site
in coastal Massachusetts, identifies prokaryotes in salt marsh sediments and plankton and determines their role in
controlling major ecosystem processes.  Organic matter sources used by bacteria were investigated by Erik
Boschker, Netherlands Institute of Ecology. The stable isotopes of bacteria from stands of Spartina and nearby
unvegetated sediments suggest that Spartina material is not directly a major carbon source. Other source materials,
probably of algal origin, dominated both sediment organic-carbon composition and bacterial carbon processing.
Phospholipid fatty acid concentration patterns of bacterial community structure suggest that bacterial communities
are different between rhizosphere and unvegetated sediments.

The diversity of ammonia oxidizing bacteria (AOB) along a salinity gradient is being investigated by Anne
Bernhard, University of Washington. Clone libraries were constructed from sediments collected at low, mid, and
high salinity sites using PCR primers specific for the 16S rRNA gene from AOB and primers for the amoA subunit
of the ammonia monooxygenase gene from the beta- and gamma-proteobacteria.  Phylogenetic analysis of the
sequences revealed differences in the [BETA] _-AOB communities at these sites. Most 16S rDNA sequences from
the high salinity site were closely related to the Nitrosospira cluster.  Other sequences were related to Nitrosomonas
ureae and Nitrosomonas marina.  Phylogenetic analyses of amoA sequences were congruent with the 16S rDNA
phylogeny.  We did not recover any [BETA] _-AOB 16S rDNA or amoA clones from the low salinity site.
Additionally, no 16S rDNA or amoA clones belonging to the [GAMMA] _-AOB were recovered from any site.
These data suggest that salinity is a primary factor in driving community structure, and possibly metabolic
function, of AOB in estuarine sediments. Work is underway to relate community structure of AOB with
nitrification rates and Most Probable Numbers (MPN) in collaboration with Anne Giblin, Marine Biological
Laboratory, and John Waterbury, Woods Hole Oceanographic Institution, respectively.  Although our sequence data
suggest very low abundance of [BETA] _- and [GAMMA] _-AOB at the low salinity site, potential nitrification
rates and MPN data indicate the presence of AOB that are as yet undetectable by standard techniques.  We are
currently performing molecular analyses on samples from the MPN experiments to identify novel AOB.

The diversity of sulfate reducing bacteria (SRB) is being investigated by Michele Bahr, Marine Biological
Laboratory, and Andreas Teske, Woods Hole Oceanographic Institution, using a set of sediment cores collected
monthly from the Spartina rhizosphere and unvegetated creek sediments.  Annual patterns of SRB diversity in the
rhizosphere, examined using denaturing gradient gel electrophoresis (DGGE), show persistent populations
throughout the growing season while greater variability was seen in the unvegetated creek sediments.  Species
information from these DGGE studies was obtained from high throughput sequencing of a large number of DGGE
bands. Among SRBs identified, relatives of Desulfosarcina variabilis and Desulfobacterium anilini were found to
be persistent in the sediment.  The primers used for this study selectively target sulfate reducers, but are not
restricted to SRB, and therefore amplified 16S genes from organisms of the Planctomyces, Bacteroides and
Spirochaeta clusters.  We are constructing an environmental clone library of the dissimilatory sulfite reductase gene
from rhizosphere sediments.  This gene, which codes for a key enzyme in sulfate respiration, shows a high
phylogenetic specificity and will provide an alternate view of SRB diversity.

The PIE-MO partially supports the efforts of Vanja Klepac, an MIT graduate student, to determine patterns
of carbon substrate usage in SRB using a novel approach, the functional diversity array. Samples are incubated with
different 14C-labeled substrates; total RNA is then extracted, fluorescently labeled and hybridized against a
microarray constructed using specific probes targeting 16S and 23S rRNA sequences retrieved from the
environment.  Populations that actively metabolize the labeled substrate can be identified via the radioactive
material in the specific rRNA. Substrate uptake kinetics tests of intact communities show that realistic substrate
concentrations and short incubation times can be used.  Probes will be designed and microarrays constructed for
determining in situ substrate usage patterns.

The diversity of planktonic bacteria is being investigated by Byron Crump, Marine Biological Laboratory.
A number of distinct bacterial communities are found in the water column of Plum Island Sound.  DGGE analyses
of 16S rRNA genes along with sequencing of DGGE bands and environmental clone libraries demonstrated the
mixing of marine and freshwater communities along the salinity gradient and identified a third community unique
to estuarine waters.  Associated biological measurements, which included bacterial production, respiration, and
chlorophyll-a concentrations, related the development of the estuarine community to the flushing time of the estuary
and to the high productivity of phytoplankton blooms.
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 A Visual Atlas of a California Grassland Vadose Zone Profile

Holden, P.A., Saleta, J. and J.P. Schimel

University of California, Santa Barbara, CA

The unsaturated region of the Earth’s terrestrial subsurface, including surface soil down to
the regional water table, is the vadose zone.  The depth of the vadose zone varies: in some
locations it extends a few meters below the surface and in others several hundreds of meters.
Microbes are present and geochemically-active in most, even the deepest, depths of the vadose
zone.  However their presence and activity are a challenge to confirm in situ.  We ask, what do
vadose zone materials look like “up close and personal”, and how does the appearance change
with depth?  Can we see or infer the presence of microbes from pictures?  This work is a subset
of a larger Microbial Observatories project to characterize vadose zone microbial ecology and the
resource and stress gradients along a depth profile.  For a vadose zone beneath a California
grassland in a Mediterranean-type climate, we used environmental scanning electron microscopy
(ESEM) to visualize vadose materials from several depths ranging from just below the surface to
3 meters.  We observed that materials near surface were relatively morphologically complex, with
more features and higher surface roughness, than materials at depth.  A gradient of decreasing
complexity, from surface to subsurface, was obvious.  This gradient appears to parallel gradients
that we have measured in microbial biomass, nutrients and community diversity.  We also
observed that wetting characteristics during ESEM varied between shallow versus deep samples,
possibly due to differences in microbial biomass at the two depths.  However, despite the high
resolution and clarity of images, additional techniques will be needed to definitively distinguish
biotic from abiotic components.  Still, these “snapshots” provide a new glimpse into the natural
microbial world at depth, revealing its heterogeneity, complexity and depth-dependencies.



39

Biogeochemistry and microbial ecology of an alkaline, hypersaline, meromictic lake:
Mono Lake, California

James T. Hollibaugh and Samantha B. Joye, Department of Marine Sciences, University of
Georgia; Robert Jellison, Sierra Nevada Aquatic Research Laboratory, University of California,
Santa Barbara; and Jonathan P. Zehr, Institute of Marine Science, University of California, Santa
Cruz.

The Mono Lake Microbial Observatory focuses on the composition and diversity of
Mono Lake’s microbial communities; biogeochemical processes in the lake and the emergent
properties of the lake’s ecosystem that derive from the relationship between these.  Efforts to
describe the microbial communities of the lake have focused on spatial and temporal distributions
of Bacteria (16S rRNA gene), chemoautotrophic bacteria (cbbL gene), sulfate reducers (cultures
and various genetic markers) and nitrogen fixation (nifH gene).  So far (based on published
Archaea-specific 16S rRNA gene primer sets), Archaea do not appear to be a major component
of the lake’s prokaryotic flora.  While some of the sequences retrieved from the lake are related to
organisms previously cultured from similar environments, most have no close relatives.

Biogeochemical studies have focused on carbon, nitrogen, sulfur and arsenic.  Mono Lake
is a unique and exotic environment in that it contains elevated concentrations (ca 200 uM) of
arsenic, that actively participates in the lake’s redox chemistry.  Arsenate is second in importance
to sulfate, (also present at elevated concentrations:  130 mM), as a terminal electron acceptor.
We have identified organisms responsible for dissimilatory arsenate reduction as well as
organisms involved in arsenite oxidation, including an organism capable of reducing arsenite
anaerobically using nitrate.

Dissolved organic carbon concentrations in Mono Lake are elevated (average 80 mg/L) but
display considerable variability (range 54-315 mg/L).  Peak DOC concentrations are found in a
sharp chlorophyll maximum found at the base of the surface mixed layer during the summer.
This “plate” is dominated by an unusual picoeukaryote, the Chlorophyte Picocystis salinarum,
that is also abundant in the anoxic, sulfidic, aphotic bottom waters of the lake.  Part of the
variability in DOC concentration may be due to trace metal limitation of bacteria, since
amendments of Co, Mo and Ni stimulated the growth of bacteria.  Co and Ni in particular are in
short supply in the lake (1-2 and 26-45 nM, respectively), while Mo (827-987 nM) availability
may be adversely affected by high sulfate concentrations.

Methane cycling in mono lake is dynamic over a range of spatial and temporal scales.
Methanogenesis occurs in sediments and water column and methane oxidation occurs by both
aerobic and anaerobic mechanisms.  Aerobic methane oxidation appears to interact with
nitrification in Mono Lake and activity may be influenced by the availability of dissolved
inorganic nitrogen.  On an integrated basis, anaerobic methane oxidation is the most important
pathway of methane oxidation.  This process appears to be mechanistically different in water
column and sedimentary environments, and unique microorganisms and biochemical pathways
may be involved.
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Linking Microbial Community Structure and Function in Contaminated Aquifers

Krassi Hristova and Kate M. Scow

University of California, Davis, CA

The shallow coastal aquifers of California are freshwater systems that interface with
estuarine and coastal marine environments.  These aquifers contain diverse microbial communities
which experience a wide range of redox conditions and are highly susceptible to contamination
from surface sources. The main questions that we will be asking are: what are the relationships
between aquifer, vadose, and surface soil communities?  Do aquifer communities become
increasingly like marine communities along a trajectory from aquifer to the coast?  How does
contamination alter microbial community diversity and how do contamination and redox
conditions interact?  What role do native organic carbon compounds play in supporting
contaminant biodegradation and maintaining populations of biodegrading organisms?  We will
investigate these questions in several shallow coastal aquifers, both contaminated with petroleum
products (e.g., MTBE and BTEX) and non-contaminated.

Our primary observatory is an aquifer at Vandenberg Air Force Base (VBAFB) in
Lompoc, CA.  Until now our focus has been on the contaminant, MTBE, and MTBE degrading
bacteria.  We are now expanding our emphasis to include heterotrophic bacteria that metabolize
other petroleum compounds and native organic carbon, under different redox conditions.  We will
use ITS or 16S rDNA DGGE analysis, combined with sequencing to relate community
composition to 1) contaminant and other carbon concentrations, 2) duration of exposure to
contamination, and 3) redox conditions.  We will use real time quantitative PCR to quantify total
bacterial density and degraders of specific compounds.  We will complement the molecular
approaches using culture-based methods to obtain microorganisms and microbial consortia
involved in metabolism of different substrates and to make linkages to the obtained sequence
information. Experiments will be conducted in the field and in laboratory microcosm studies to
manipulate organic carbon concentration and redox conditions in order to explore relationships
between environmental conditions and microbial diversity.
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LExEn: Molecular Microbial Ecology and Biogeochemistry of Methane Hydrates and
Brine Pools: Distribution and Activity of Microorganisms in Two Extreme Deep Sea
Environments 

Samantha B. Joye, Department of Marine Science, University of Georgia, Joseph P. Montoya
and Patricia A. Sobecky, School of Biology, Georgia Institute of Technology, Ian R. MacDonald,
Physical and Life Science, Texas A&M University, Corpus Christi

The Gulf of Mexico LExEn project focuses on the quantifying the biogeochemical and
molecular ecological signature of microbial communities associated with methane hydrates and
hypersaline brine pools and on evaluating linkages between these benthic ecosystems and the
overlying water column.Microbial communities are being described  using standard molecular
techniques based on both RNA and DNA approaches.  Efforts are focused on documenting
distributions of key physiological groups (e.g., sulfate reducers and methanogens) as well as on
documenting patterns of total diversity in microbial communities.  Biogeochemical studies have
included geochemical characterizations of major elemental pools (e.g. C, N, and S) and assays to
determine rates of transformation and interactions between the carbon, nitrogen and sulfur cycles.
Samples of methane hydrates, of sediments associated with methane hydrates, of brine fluids, of
sediments adjacent to brine pools and overlying water (e.g. full water column profiles) above each
of the study sites have been obtained and these samples have been subjected to a suite of
inorganic geochemical, stable isotopic, radiotracer, and organic geochemical analyses.  Extremely
high rates of sulfate reduction and anaerobic methane oxidation have been documented in hydrates
and associated sediments and in brines and associated sediments.  However, a strong correlation
between rates of sulfate reduction and rates of anaerobic methane oxidation has not been
observed, suggesting that these two processes may not be closely coupled in these environments.
Water column studies have shown strong linkages between methane efflux from the bottom and C
stable isotopic anamolies in the water column.  Water column methane oxidation rates show that
activity is elevated in the bottom waters above areas of active seepage.  Elevated rates of nitrogen
fixation in bottom waters has also been observed. Together these data suggest that the activity of
water column (aerobic) methanotrophs may serve as an efficient sink for methane seeping from
hydrate-rich benthic habitats.  Possible linkages and interactions between the activity of the
water column methanotrophs and nitrogen cycling (e.g. N fixation) warrant future study.
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The Microbial Observatory of the Northern Temperate Lakes Long Term Ecological
Research Site

A.D. Kent, A.C. Yannarell, G.H. Lauster, J.M. Graham, B.J. Benson, D.E. Armstrong, L.K. Graham,
T.K. Kratz, S.R. Carpenter, and E.W. Triplett.  Center for Limnology, University of Wisconsin

Lakes offer a tremendous opportunity for the study of microbial diversity linked to ecosystem
processes. A diversity of ecosystem functions, including primary production, respiration, and
biogeochemical transformations, are mediated by the microbial populations in aquatic ecosystems.  In
addition, bacteria provide a link between terrestrial primary production and aquatic secondary
production through the metabolism of terrestrially derived DOM.  Despite the importance of microbial
processes to aquatic ecosystem function, bacteria have often been regarded as a “black box”, described
in terms of their total abundance and productivity.  The objective of the Microbial Observatory of the
North Temperate Lakes Long-Term Ecological Research (NTL-LTER) is to characterize the diversity
of freshwater microbial populations and their relationship to ecosystem processes in lakes that
represent the major trophic types of temperate landscapes:  oligotrophic (clear water, few nutrients),
humic (brown water, rich in dissolved organic carbon), and eutrophic (nutrient rich, high biomass of
algae and bacteria).   Long-term records spanning periods of considerable ecosystem change for
strongly contrasting lakes allow us to explore how patterns of changing microbial community structure
may reflect variation in the underlying environmental template.

Our research combines molecular methods for describing naturally occurring microbial communities
with more traditional measures of microbial processes and microscopic assessments of algal and
bacterial populations.  These measures are employed to assess the spatial and temporal variability of
aquatic microbial populations.  Biweekly monitoring of microbial populations in our three core study
lakes during the ice-free period for two successive years revealed that while bacterial community
composition (BCC) within a particular lake can exhibit rapid changes, the greatest variability in BCC
was observed between lakes.

An investigation of BCC variability at several different spatial scales, from within lake to regional
scales, has also been conducted.  Preliminary analysis suggests that there are factors that operate on a
regional scale to structure aquatic microbial communities.  Within regions, however, it appears that
lake trophic status exerts a significant influence on bacterial community composition.

Food web manipulations and fine-scale temporal analyses were employed to examine the
relationship of BCC to the dynamics of algal and nanoflagellate communities.  This analysis indicates
that BCC displays a distinct pattern of succession that is correlated to the pattern of algal community
succession.  Where the algal community is dominated by a mixotrophic flagellate (Dinobryon), the
algal community influences BCC directly through grazing.  Other factors (competition for nutrients,
allelopathy) may assume importance at different points in the succession of algal species, or the
correlation may be explained by the response of both bacterial and algal communities to an
environmental factor.

Studies of bacteria and other microbes in lakes have traditionally focused on pelagic planktonic
forms. The relative importance of these planktonic microbes compared to organisms in the other lake
habitats, such as sediments, has been rarely quantified.  Initial results from a study carried out this
summer suggest that the planktonic microbes dominate lake metabolism in the pelagic habitat but have
a diminished role in littoral habitats containing extensive macrophyte communities. These results begin
to link up our understanding of microbes in the pelagia to the overall movement of matter and energy
throughout the lake and across the landscape.

Finally, information management is an important part of our Microbial Observatory program.
We have created a software tool to increase the utility of terminal restriction length polymorphism
(T-RFLP) for the assessment of natural microbial communities.  This software tool automates the
difficult task of phylogenetic assignment of peaks obtained from T-RFLP profiles of mixed bacterial
populations.  In addition, the data we collect on microbial community composition is integrated with
the long-term dataset of the NTL-LTER.
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Predicting the biogenic methane concentration in the Archean atmosphere based on
ecological constraints

Pushker A. Kharecha and James F. Kasting, Department of Geosciences, Penn State University

Determining the CH4 concentration in the Archean atmosphere (~3.8-2.5 Ga) is important
for understanding early Earth’s climate and atmospheric composition and could ultimately
provide useful information for the search for Earth-like extrasolar planets. Previous studies have
attempted to predict Archean CH4 concentrations based on thermodynamic considerations. In
our study, we are taking a kinetic approach instead. We will develop a coupled ecological-
photochemical model to estimate the amount of biogenic CH4 in the Archean atmosphere based
on environmental constraints such as nutrient availability.

Our ecological model is partly based on current knowledge of the nutrient dependence of
microbial growth in the modern ocean.  When completed, it will simulate the productivity of
autotrophic and heterotrophic methanogens in an anoxic ocean.  The photochemical model we are
using is adapted from similar ones used in previous studies that simulated the anoxic Archean
atmosphere.  Initial analytical calculations with the ecological model suggested that we needed to
refine the photochemical model in order to carefully assess the production and deposition rates of
CO, since methanogens would probably have used formate (HCOO-), which is a product of CO
hydration, as their primary nutrient source.  The analytical calculations had also shown that
methanogens alone could not have accounted for most of the primary productivity in the Archean
ocean, hence we will include photosynthetic bacteria in the model as well.  In addition, we will
examine whether the biotic CH4 production rate and the abiotic CO deposition rate were
interdependent (i.e., whether they were necessarily in balance).  Ultimately, our approach will
allow us to determine whether the biogenic CH4 levels in the atmosphere were limited more by
thermodynamics or by ecological factors.

NASA’s planned Terrestrial Planet Finder (TPF) mission will attempt to detect possible
biogenic gases in the atmospheres of Earth-like extrasolar planets. Interpretation of the results
from that ambitious endeavor will ultimately be based on comparison with known and
hypothetical absorption spectra of biogenic gases in Earth’s modern and primitive atmospheres.
The results from our study will likely be used to generate hypothetical absorption spectra for the
anoxic Archean atmosphere and thus could help determine whether early Earth-like planets could
indeed be detected by TPF.
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Role of Atmospheric Trace Gases in Microbial Composition and Succession on Recent
Lava Flows

Gary M. King1 and Klaus Nüsslein2

1 Darling Marine Center, University of Maine, Walpole, ME 04573.
2 Department of Microbiology, University of Massachusetts, Amherst, MA 01003.

This project addresses community patterns of early microbial colonization and succession in
the extreme environment of recent lava flows, and the role of atmospheric trace gases as carbon and
energy sources. The lack of organic matter, water and fixed N in lava represents a severe constraint
for microbial colonization and activity.

This research focuses on a chronosequence of substrates ranging in age of volcanic deposition
from about 20-300 yr in or near Kilauea Caldera on the main island of Hawaii.  Using in situ and in
vitro approaches, we have measured CO2 production and atmospheric CO, H2 and CH4 uptake.  Based
on DNA extractions from lava samples, the methods of Denaturing Gradient Gel Electrophoresis
(DGGE), Restriction Fragment Length Polymorphism (RFLP), and clone libraries based on 16S
rDNA were utilized to complement results from trace gas consumption.  Direct and enrichment
cultures were used to isolate indigenous microorganisms.

Recent lava flows exhibit less than 1.0% of Carbon and 0.5% of Nitrogen.  Principal
component analysis revealed a clear distinction between substrates of less than pH 5 and those with a
pH- value over 6.  This was reflected by CO2 production which varied from 1-4 mmol m-2 d-1 for sites
in drier areas; rates increased with substrate age.  Higher rates (6-32 mmol m-2 d-1) were observed for
sites that support woody vegetation and receive greater rainfall.  Trends in CO2 production paralleled
phospholipid phosphate and organic matter contents.  Uptake rates of atmospheric CO (30-100
µmol m-2 d-1) and H2 (500-1500 µmol m-2 d-1) accounted for 1-3% and 20% respectively of the
reducing equivalents associated with CO2 production.  Atmospheric CH4 uptake rates appeared to
contribute negligibly to carbon and energy budgets.  In addition, we have developed new molecular
approaches for assessing the distribution of the aerobic CO dehydrogenase (coxL).  Molecular
community analysis based on molecular fingerprints of 16S rDNA clone libraries shows statistically
different community compositions between sample sites.  Dominant group members could not be
phylogenetically identified by sequence analysis, because no close relatives could be found in all
databases investigated.  However, members of the Rhizobiaceae dominated the community of the
forest sample (300 yr).  Exposure plates with oligotrophic media allowed members of Rhizobiacea
and Bacillus  to grow, and oligotrophic enrichments revealed an increase of oligotrophic growth along
the chronosequence. Additionally, we are currently developing molecular as well as enrichment
systems for basic functions of the N-cycle as well as CO oxidizers.

Dry deposition of atmospheric CO and H2 provide important energy sources for microbial
activity on volcanic substrates.  As a result, both gases likely play important roles in the
development and succession of microbial communities.  Comparison of fingerprints of the RFLP and
DGGE among different lava samples in the chronosequences show different species compositions
among the chronosequences indicating an active successional development. Our results also show that
communities along the chronosequence are dominated by different microbial species.
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Cedar Creek Natural History Area Microbial Observatory: 
Spatial Scales of Genetic and Phenotypic Diversity among Streptomycetes in Prairie Soils

Linda L. Kinkel, Anita L. Davelos, Kun Xiao, Debby Samac
University of Minnesota

Objectives:
1.  Quantify genetic and phenotypic diversity among antibiotic-producing streptomycetes

at a variety of spatial scales.  Evaluate the correspondence between genetic relatedness and
phenotypic similarity among streptomycetes in prairie soil.

2.  Identify factors critical to determining antibiotic phenotypes among streptomycetes.
Specifically, determine the influences of spatial origin, local population and community density,
community diversity, microbial nutrient utilization profile, associated plant species, and carbon
and nitrogen inputs on the diversity and intensity of antibiotic activities among soilborne
streptomycetes. 

3.  Determine the effects of different plant species on streptomycete genetic diversity,
whole soil microbial diversity, and streptomycete phenotypes, including both antibiotic
phenotype and nutrient utilization profile.

Overall, our work seeks to identify those factors that are critical to the generation of
phenotypic and genetic diversity, and to characterize the relationships between genetic and
phenotypic diversity within the soil microbial community at a variety of spatial scales. 
Results to date:

1.  In general, genetically similar isolates tended to be tightly clustered in space, though
there were a small fraction of genetically similar isolates that were widely dispersed among
locations.  There was very high diversity in antibiotic activities among streptomycetes in prairie
soil at all spatial scales, with few isolates having the same antibiotic phenotype.  When
considering inhibition and resistance phenotypes separately, there was substantially greater
diversity in inhibitory than in resistance phenotypes.  Finally, genetic similarity was not
predictive of similarity in either antibiotic inhibition or resistance phenotype among
streptomycete isolates. 

2.  The intensity of antibiotic inhibition by field isolates against a reference collection of
streptomycetes increased with increasing soil depth.  Streptomycetes were better at inhibiting
isolates originating from different locations than from the same location in soil.  Furthermore,
streptomycetes having similar nutrient utilization profiles (NUP) were more likely to inhibit one
another than streptomycetes having distinct NUP.  In some locations, there was a significant
negative correlation between the intensity of inhibition and the number of nutrients utilizaed
among streptomycete isolates, suggesting distinct isolate competitive strategies in soil.  Genetic
and phenotypic diversity within the streptomycete community are reduced in prairie soils having
a history of nitrogen inputs.

3.  Streptomycete densities and antibiotic inhibitory activities varied significantly among
the rhizosphere of different plant species.  Phenotypic diversity also differed among plant
species.  Whole soil DNA analyses and 16S analyses of the streptomycete communities from
different plant species are underway. 
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Evolution and Diversity of Biochemical Pathways: A Methylotrophic Microbial
Observatory

M.E. Lidstrom and L. Chistoserdova
University of Washington, Seattle

The target of this project is Lake Washington in Seattle, the microbial group of special
interest – methylotrophic bacteria, the biochemical pathway of most significance – the
methanopterin- and methanofuran-linked pathway for formaldehyde oxidation. This pathway is
an intriguing trait to follow because (1) it is widespread in different groups of methylotrophs, (2)
elements of this pathway are shared with archaeal methanogens and (3) it appears to be the most
ancient methylotrophy pathway, based on known gene diversity.

The specific aims of this 4-year project are as follows (1) Comparative genomics for core
sets of methylotrophy genes involving pure cultures of known methylotrophs, (2) Environmental
genomics focused on detection of formaldehyde oxidative capacity involving BAC libraries, (3)
Isolation of novel methylotrophic species using single-cell microsystem environmental chamber.
The expected results of this project are the better understanding of microbial diversity within the
context of methylotrophic metabolism and obtaining insights into the evolution of metabolic
pathways involved in methylotrophy.

The aims of the project are being approached in stages, with Aim one, Comparative
genomics of methylotrophy functions addressed in the first year of the project. Since the
beginning of the project in February 2002, we have been expanding the database of genes and
enzymes involved in the “archaeal-like” pathway for formaldehyde oxidation, to assess the
diversity of these function and to attempt developing novel environmental probes specific for the
function. This is achieved via direct gene amplification, gene cluster analysis and database
analysis. Key genes in the pathway, mch and mtdB have been PCR amplified from a number of
methylotrophs and subjected to phylogenetic analysis. Whole clusters of “archaeal-like” genes
have been identified in cosmid libraries generated for selected methylotrophs, and these were
compared in terms of structure and conservation. Newly available microbial databases have been
screened for the genes of interest to track the “archaeal-like “ pathway. These approaches have
resulted so far in (1) larger sequence databases of key enzymes of the pathway of interest,
showing lots of diversity between different groups of methylotrophs, (2) detection of different
gene clustering in different groups confirming long evolution within bacteria, (3) discovery of the
genes of interest in planctomycetes, a peculiar bacterial group not known to be capable of
methylotrophy but suggested to be the most deeply branching group. These new data will
provide the basis for approaching Aim 2, Environmental genomics of methylotrophs and non-
methylotrophs possessing “archaeal-like” functions.
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Most probable number's techniques recover much higher numbers of cells than plate
counts done from salt marsh sediments

Cynthia Lydell1, David Emerson1 and Patrick Gillevet2

1American Type Culture Collection, Manassas, VA; 2George Mason University, Manassas, VA.

A continuing question in microbial ecology and population biology concerns our ability to
cultivate dominant members of a microbial community. Coupled with a microbiological survey of
salt marsh sediments we  compared recoveries of aerobic heterotrophs and anaerobic fermentative
bacteria by most probable number (MPN) and plate counts (PCs). For aerobes, R2A plates  and
R2  broths were used for PCs and MPNs, respectively; for anaerobes blood plates and brain
heart infusion broths were  used. Enumerations using PCs from four salt marsh sites yielded
recoveries from 104 - 106 colony forming units (CFUs) gdw for aerobes and from 103 - 105 CFU
gdw for anaerobes. Parallel counts using MPN's resulted in dramatically higher numbers: the
aerobes increased to 106 - 108 cells gdw, while anaerobe numbers increased to 105 - 106. Most of
the aerobes that came from high dilution MPN tubes (10-8 or 10-9) grew well on R2A plates after
growth  in broth, suggesting agar was not directly inhibitory. The colony and cell morphology of
MPN isolates  did not appear dramatically different from plate isolates; we are in the process of
carrying out more detailed comparisons. When compared to other enumerated populations of
sulfate-reducers, Fe-reducers, and S-oxidizers in the marsh, aerobic heterotrophs went from
<10% of the cultivatable population by PCs to > 50% by MPNs. Furthermore, at sites that had
the highest total direct cell counts, total culturable bacteria increased from < 5% to 30 - 50% of
the total cell number. We conducted a timed recovery experiment using an aerobe isolated from a
10-8 MPN tube from the sediment. The cells ( 2 x108 ml ) were inoculated into sterile, washed
marsh sediment and then recovered at different times by plate counts and MPNs. At day one the
PCs and MPNs both yielded  >90% cell recovery. At 3 weeks and 6 weeks, > 80% of the cells
were recovered by MPNs, but PCs recovered <1%. At 12 weeks, the MPN recovery decreased
to about 0.5% and PCs fell to 0.01% recovery.  These results suggest that the surface of an agar
plate is a tough place to start a living for a microbe freshly removed from its natural milieu.
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Extremophilic Phototrophic and Sulfur-Cycling Prokaryotes From Permanently Frozen
Antarctic Lakes and African Soda Lakes

Michael T. Madigan, Elizabeth A. Karr, Deborah O. Jung, W. Matthew Sattley, and Laurie A.
Achenbach, Department of Microbiology, Southern Illinois University, Carbondale, IL 62901-
6508

We have been investigating Antarctic lakes and African soda lakes for their biodiversity of
anoxygenic phototrophic bacteria and inorganic sulfur-cycling prokaryotes.  Our work has
focused mainly on permanently frozen lakes in the Dry Valleys of McMurdo, Antarctica.  Lake
Fryxell, located in the Taylor Valley, Victoria Land, contains 4–6 meters of ice cover (depending
on the season) and sulfate and sulfide in significant amounts.  Liquid enrichment cultures using
extincting dilutions of lake water yielded several anoxygenic phototrophic purple nonsulfur
bacteria.  One organism, Rhodoferax antarcticus, has been isolated and described in detail, and
other organisms are highly enriched and approaching pure culture.  The pufM gene, which encodes
an essential and highly conserved component of the purple bacterial photosynthetic reaction
center, was used to assess the biodiversity of purple bacteria in Lake Fryxell.  Using pufM,
purple bacteria were detected throughout the water column, although the distribution of
phylotypes remained fairly constant in the anoxic zone.  However, comparison of DGGE
patterns from pufM genomic DNA and mRNA revealed that not all of the pufM genes present in
the environment were expressed and that pufM gene expression greatly decreased with depth.
Sulfate-reducing bacteria and sulfur-oxidizing chemolithotrophs were present in Lake Fryxell and
representatives of both groups have been obtained in culture from samples collected in
November/December of ‘01.  None of the organisms obtained grew above 25ºC and the sulfate-
reducers in particular grew well in the cold.  Molecular profiling of sulfate-reducing bacteria
showed several phylotypes to be present.  Probes for the dsrA gene, which encodes a subunit of
dissimilatory sulfite reductase, revealed that organisms potentially capable of sulfate reduction
were present throughout the water column of Lake Fryxell, even in oxic zones, and that the
distribution of phylotypes varied with depth.  It is concluded that significant diversity of both
anoxygenic phototrophs and sulfur-cycling prokaryotes exist in Lake Fryxell and that many of
the phylotypes are metabolically active in this constantly cold environment.  Ongoing enrichment
cultures for anoxygenic phototrophs from African soda lakes have yielded a variety of interesting
new genera and species of these organisms.  In particular, it appears that alkaline lakes of low
salinity harbor various anoxygenic phototrophs not previously recognized from isolation studies
carried out on the more hypersaline African soda lakes.  The organisms Rhodobaca bogoriensis (a
new genus/species) and Heliorestis spiralis (a new species) are interesting examples of such
organisms.  Alkaliphilic but not halophilic anoxygenic phototrophs comprise a new class of
phototrophic bacteria and are new genetic resources for the study of photosynthesis under
extreme conditions.
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Observing Microbial Diversity and Horizontal Gene Transfer In a Shallow Contaminated

Aquifer

E. L. Madsen and W. C. Ghiorse,Department of Microbiology, Cornell University. Ithaca NY
14853, NSF award # MCB-0084175; 9/2000 to 10/2003

This project is designed to advance knowledge about the diversity and activity of microorganisms
residing in subsurface water and sediments in a shallow naphthalene-contaminated aquifer in South
Glens Falls, NY.  This site has been studied hydrologically, chemically, and microbiologically for a
decade and features an infrastructure of both hydrogeochemical and microbiological data for
developing and testing hypotheses about factors controlling the identity, activity, and genetic
exchange processes of resident microorganisms.  The four main project objectives are:  (i) to assess
the diversity of general heterotrophic microorganisms residing in water and sediments; (ii) to assess
the diversity of microorganisms' metabolic pathways, and dioxygenase genes responsible for
metabolizing the naphthalene (the major environmental contaminant on site); (iii) to discover the
mechanisms of horizontal gene transfer causing the subsurface microorganisms to adapt to
naphthalene exposure; and (iv) to assemble a heterotrophic geochemical budget for the site that
documents the role of microorganisms in carbon and energy flow through the system. These
objectives are being sought by sampling site waters and sediments inside and outside the contaminated
areas and by performing a variety of geochemical, microbiological, and molecular biological assays.

Microbial characterization procedures have included growth and isolation on ecologically-
relevant carbon sources (naphthalene) –– as well as nucleic acid-based procedures [e.g., DNA
extraction, cloning, sequencing, PCR, and Terminal-Restriction Fragment Length Polymorphism (T-
RFLP)]. Measures of diversity based on phenotypic traits of cultured microorganisms (colony type,
Gram stain, physiology, etc.) and genotypic traits of uncultured microorganisms [e.g., 16S rRNA
sequences, naphthalene dioxygenase (nahAc and analogues)] traits are being pursued. Microscopic
examination of site populations using naphthalene-specific procedures [Fluorescent In situ
Hybridization/Tyramide Signal Amplification of expressed dioxygenase genes and Naphthalene-
specific Direct Viable Counts] have made progress toward assessing the identity of microorganisms
that are active in situ.  Another approach for identifying microbial populations responsible for
naphthalene metabolism in situ relies upon 13C-based stable isotope probing.  13C-naphthalene was
released to site soil followed by monitoring of 13CO2 respiration, extraction of DNA, CsCl gradient
ultracentrifugation, and cloning of the 13C-labeled 16S rRNA genes of active populations.

Prior studies at the site have indicated that naphthalene catabolic plasmids (that encode
catabolic, regulatory, and plasmid mobilization genes) within the native populations play a role in
metabolic adaptation.  The diversity of the regulatory gene, nahR, in site isolates and site derived
DNA has been examined by DNA cloning and sequencing procedures.  Furthermore, we have analyzed
a 26.8 kb portion of the the site-derived catabolic plasmid (pCg1) and completed gene inactivation,
LacZ operon fusion, and  conjugation assays using site derived Pseudomodas putida Cg1 to explore
factors controlling horizontal gene transfer.

The poster features the following main topics:  the site, site geochemistry, community
biodegradation activity, community composition, FISH-based microscopy of active cells, stable
isotope probing, diversity of  nahR, and horizontal gene transfer.
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Linking Phylogeny and Biogeochemistry for the Discovery of Novel Chemolithotrophs
Inhabiting Geothermal Gradients in Yellowstone National Park

Timothy R. McDermott1, William P. Inskeep1, and Gill Geesey2.

1Thermal Biology Institute and 2Department of Microbiology Montana State University, Bozeman,
MT  59717

Norris Geyser Basin in Yellowstone National Park (YNP) represents one of the most diverse
geochemical environments on Earth, and the perfect venue for a comprehensive research thrust
aimed at discovering novel chemolithotrophic microorganisms.  In terms of described general
physiological groups, chemolithotrophs are tremendously underrepresented - particularly given the
predominance of inorganic energy sources in our biosphere.  Our new Microbial Observatory is
located in Hundred Springs Plain, a dynamic geothermal complex in Norris Geyser Basin that is
comprised of hundreds of thermal acid-sulfate-chloride springs that vary significantly with respect
to inorganic constituents and temperature.  These springs (pH 1.5-3.5) contain high concentrations
of Fe, S, As, as well as H2, which together represent the predominant potential electron donors
driving non-photosynthetic primary production.  Our work utilizes novel cultivation and molecular
techniques to describe, characterize, and isolate the microbial populations present along geochemical
and temperature gradients.  This work is accompanied by a complete analysis of the aqueous and
solid phase geochemistry to provide a better understanding of the forces that no doubt select for,
and define, the populations inhabiting these inorganic environments.

In summary, our comprehensive, multidisciplinary approach links molecular description with
cultivation for the more difficult task of understanding the relevance of specific microbial
populations in their natural environments and the patterns in microbial ecology that reflect the
environmental context of specific phylogeny.  Our poster briefly highlights accomplishments of our
LExEn award that is finishing ("Prokaryotes and Their Viruses in Thermal Soils: Diversity and
Relationships in an Unexplored Habitat") and introduces our new NSF Microbial Observatory.
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Constraining the timing and nature of life’s emergence in extreme environments
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Drawing on lines of evidence from biogeochemical records preserved in the oldest
sedimentary rocks on Earth and recognizing that rRNA phylogenetic studies predominantly place
the ancestry of extremophile microorganisms near the last common ancestor of all life (Pace,
2001), we view the emergence of life as having occurred in the context of an extreme environment
at the global scale (Mojzsis and Harrison, 2000).  Over the past three years of our NSF LExEn
grant, our group have undertaken a detailed and focused program of field-mapping and sampling
and geochronological studies coupled with stable isotopic (S, N) investigations of the oldest
known marine sedimentary rocks on Earth in order to resolve controversies over the origin and
significance of these rocks.

Uncertainties concerning the geological relationships on Akilia (island) in southern West
Greenland, where the oldest know sediments are found, have derived from reconnaissance-scale
mapping of these units and incomplete geochronological studies.  We have undertaken very
detailed (1:100 scale) mapping of these critical units (Manning et al., in prep) in concert with a
detailed geochronological survey of the rocks of Akilia (Mojzsis and Harrison, 2000, 2002a).
Our studies have revealed that metamorphism of the oldest known sediments on Akilia is
profound, but a low-strain limb of the main map-scale fold preserved definite geological relations
and a coherent stratigraphic sequence is preserved (Mojzsis and Harrison, 2002b).  These new
geochronological and mapping constraints provide the strongest evidence yet for a sedimentary
component to, and a >3.83 Ga age of, the Akilia supracrustals.

We have undertaken detailed Sulfur isotopic analysis of the oldest sediments from Isua
(West Greenland) and the Akilia rocks cited above (Mojzsis et al., 2002) and have initiated
nitrogen isotopic measurements (Papineau and Mojzsis, 2002).  We discovered large sulfur
isotope anomalies with _ 33S, the deviation from a mass-dependent fractionation line, ranging up
to ± 2‰ within individual Precambrian sedimentary sulfides from a variety of localities.  Our
measurements, which are made in situ by multicollector secondary ion mass spectrometry,
unequivocally corroborate prior bulk measurements of mass-independent fractionations (MIF) in
sulfur by Farquhar and colleagues (2000) and provide additional evidence for an anoxic
atmosphere on the Earth before ~2 Ga.  This technique offers new opportunities for exploring
ancient sulfur metabolisms preserved in the rock record.  The presence of MIF sulfur in sulfides
from a ~3.8 Ga metaquartzite/banded iron formation from Akilia island, West Greenland, further
supports models for a marine sedimentary origin for this rock.  

These geological studies pave the way for new tools in the exploration of samples
returned from future sample return missions to an ancient martian surface.
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Microbial Observatory: prokaryotic diversity of a salt marsh/estuarine complex at the
University of Georgia Marine Institute, Sapelo Island

Mary Ann Moran1, Alison Buchan1, Justine I. Lyons Moreta1, Wendy Ye1, Steven Y. Newell2, Wade
Sheldon1, David Singleton3, Karin Everett3, James Henriksen3, William B. Whitman3, Robert E.
Hodson1, Feng Chen4

Department of Marine Sciences1, Marine Institute2, and Department of Microbiology3, University of
Georgia, and Center for Marine Biotechnology4, University of Maryland

Three areas of research are described for the Sapelo Island Microbial Observatory (SIMO),
which is affiliated with the Georgia Coastal Ecosystems LTER (GCE-LTER).  Both fungi and bacteria
are recognized to play critical roles in decomposition processes in coastal ecosystems, but few studies
have simultaneously examined both decomposer communities or the relationship between
community composition and the decomposition process.  The first SIMO project brings together
fungal and bacterial microbial ecologists to address these questions.  We characterized bacterial
communities using 16S rRNA genes and the ascomycete fungal community using 18S-28S internal
transcribed spacer (ITS) regions.  A year long monitoring effort has shown that these communities
are composed of resident and transient members.  Bacterial communities were dominated by α-
proteobacteria for two decomposition stages of Spartina alterniflora detritus.  Community
composition showed little spatial heterogeneity at a given sample date, but changes in the dominant
groups were evident with season and decomposition stage.  The ascomycete decomposer community
was typically dominated by less than 5 species clusters, with some shifts in the dominant species
evident with season.  Molecular characterization of the fungal community agreed well with
microscopic identification, indicating that many of the key fungal decomposers have already been
successfully cultured.  This was generally not the case for the bacterial decomposers, although some
groups of α-proteobacteria (e.g. Roseobacter, Erythrobacter/Porphyrobacter) have close relatives in
culture.

In the second project, the microdiversity of the Roseobacter group in a salt marsh ecosystem
was examined by combining group-specific T-RFLP and 16S rRNA clone sequencing.  While bacterial
community composition can be rapidly assessed through 16S rRNA-based fingerprinting analyses such
as T-RFLP, these methods may mask considerable within-taxon diversity.  Up to 15 distinct
phylotypes were found within the single Roseobacter peak evident in standard T-RFLP profiles (i.e.,
prepared with general Bacterial domain primers) of water column and sediment bacterial
communities.  These phylotypes would not have been apparent with standard fingerprinting methods
targeting higher-level taxa.  The ecological importance of this considerable 16S rRNA microdiversity
is not well understood, but is a critical issue for linking microbial structure and function in this
ecosystem.

Lastly, methodologies were developed to incorporate the high through put sequencing
methods from genomics to studies of 16S rRNA gene libraries for ecological studies.  Methods were
standardized for preparation of rRNA gene libraries from low cycle PCR amplifications.  SIMO has
also constructed a web-accessible public database that links 16S rRNA gene sequences with associated
environmental information (www.simo.marsci.uga.edu).  The database includes sequences from
cultured bacteria and from environmental clones.  Information about samples, sample collection
conditions, and environmental characteristics of the site is organized with the 16S rRNA sequences in
a relational database system (Sheldon et al. 2002).  Moreover, even though rRNA gene libraries
contain a wealth of information about the prokaryotic diversity of a community, they are frequently
difficult to compare especially when the coverage is low.  To address this problem, SIMO developed a
statistical approach called LIBSHUFF to determine if two rRNA gene libraries were from the same
population.  This methodlogical approach and software for its implementation is available at
www.arches.uga.edu/~whitman/libshuff.html and in Singleton et al. (2001).
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Utilization of a large-contig DNA library for exploring Antarctic picoplankton diversity
and as template for DNA microarrays

Alison Murray, Brandon Carter, Rebecca Cooper, and Alexandra Kameda
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In order to develop a better understanding of life in extreme environments, we have initiated a
study focused in adapting DNA microarray technology to detect sequences expressed directly in
natural microbial assemblages.  A large contig environmental DNA library derived from Antarctic
picoplankton has been used as source material for DNA microarray construction.  

Initial efforts have been directed towards screening the library for diversity of prokaryotes and
for the presence of genes involved in polyunsaturated fatty acid (PUFA) synthesis, an indicator of
microbial cold adaptation.  Bacterial rDNA-containing inserts were identified using a multiplex PCR-
denaturing gradient gel electrophoresis screening approach, while archaeal rDNA containing fosmids
were identified with multiplex PCR screening (Beja et al. 2002).  rDNA-containing gel fragments
were excised from DGGE gels and sequenced bidirectionally on a ABI Prism 3700 DNA analyzer.
Broad groupings of phylogenetic diversity were generally representative of other marine microbial
diversity studies (40% gamma Proteobacteria, 37% alpha Proteobacteria, 9% CFB, 5% high G+C
gram positive, 2% delta Proteobacteria and 7% Archaea), with many sequences closely related to
previously reported, cold-loving microorganisms.  Seven rDNA-containing fosmids were selected for
complete sequencing (2 Roseobacters, 1 gamma Proteobacteria (an abundant, enterics-related group
representing 19% of the rDNA sequences found in the library, nearly identical to an environmental
sequence isolated from the Arctic), 1 Desulfovibrio-related sequence, 2 CFB’s, and a high G+C Gram
Positive sequence with a closely relative reported from the Arctic).   Additionally, to explore the use
of environmental fosmid sequences for random arraying, five rDNA-containing fosmids were selected
for shotgun cloning (2 marine Group I Crenarchaeota, a Roseobacter, and a Ferrimonas).  

  The Antarctic fosmid library was also screened for a subunit of the polyunsaturated fatty acid
synthase gene (pfaD).  PUFA synthesis is an important indicator of cold temperature adaptation, as
increases in unsaturation facilitate membrane fluidity.  Thus far, four pfaD-containing fosmids have
been identified.  Unique fosmid DNAs will be shotgun-cloned and arrayed.  Microarray hybridizations
hold the potential to reveal relative expression levels of the pfa operon, and provide new
information concerning the role in cold adaptation in the Antarctic picoplankton.

First generation Antarctic microarrays currently being constructed with marine group I
crenarchaeotal open reading frames, rDNA gene fragments spanning hypervariable and intergenic
regions of the rDNA operon, and random clones from bacterial rDNA-containing fosmids will serve
in technology development.  These arrays will be screened with archived RNA’s as well as freshly
collected RNA’s collected austral spring 2002.  The major obstacles for environmental microarrays
promise to be challenges associated with signal detection due to high complexities found in natural
environments, however the rapid advances of technology in this area are promising.  DNA
microarrays offer a powerful approach for better understanding microbial ecology from diversity and
gene expression perspectives, as well as for identifying new genes of biotechnological use, and for
discovering specific adaptations to extreme environments, even if the organisms of interest are not
yet cultivated.
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Diversity of Nitrogen-Cycling Microorganisms at the H.J. Andrews LTER

D.D. Myrold, P.J. Bottomley, and K. Cromack, Jr.; Oregon State University

The major focus of our Microbial Observatory at the Andrews has been to determine the
influence of grassland meadow and coniferous vegetation on the functional diversity of key N cycling
microorganisms and processes.

Forest-meadow transects. Our objectives were to: (i) determine links between vegetation type and
microbial community structure and processes, (ii) examine the spatial variability along meadow-to-
forest transects, (iii) correlate microbial community structure with N-cycling processes, and (iv)
identify key and potentially novel nitrifying and denitrifying bacteria. Two high-elevation sites in
the Andrews with adjacent grassland and coniferous forest vegetation were used. In June 2000, three
transects were established perpendicular to and spanning the boundary between meadow and forest at
each site. Each transect consisted of three points in the meadow, three points in the forest, and two
transitional, one in the meadow and one in the forest.

Nitrification potentials were consistent along the meadow-to-forest transects and only changed
significantly after crossing the boundary. Nitrification and denitrification potentials were more than
ten-fold higher in the meadow than forest soil, which is consistent with past studies. Similar shifts
were observed in microbial community composition using PCR-based methods based on nitrous oxide
reductase genes (nosZ) of denitrifying bacteria (DB) and ammonia monooxygenase genes (amoA) of
ammonia-oxidizing bacteria (AOB).

Several DB appeared to be indicative of either the meadow or forest, based on the proportional
abundance of 19 nosZ fragments. Bradyrhizobium-like DB dominated the community profiles. The
DB communities were significantly correlated to functional properties, suggesting that DB
community composition, as well as environmental factors, may play an important role in regulating
N cycling in these soils. We are currently sequencing 234 nosZ clones to identify unknown nosZ
fragments.

Isolates of AOB were obtained in pure culture from the transect sites, with some displaying the
dominant fragment pattern found in both meadow and forest soils. These isolates possessed amoA
sequences 99% similar to Nitrosospira sp. Ka4 (Cluster 4). Other distinct isolates were obtained that
shared 92 to 96% sequence similarity to the amoA of Nitrosospira sp. Nsp1 (Cluster 3). T-RFLP
patterns of Cluster 3 isolates matched T-RFLP patterns from the meadow sites showing the highest
rate of net N mineralization. Cloning amoA sequences directly from soil confirmed the presence of
sequences identical to some of the isolates, as well as two novel sequences whose phylogenetic
position remains unresolved. Because only Nitrosospira, and not Nitrosomonas, were found in this
study, our results strengthen the hypothesis that Nitrosospira spp. dominate autotrophic nitrification
in soil ecosystems.

Reciprocal core transplants. Our objectives were to: (i) examine which microbial parameters
respond to rapid changes in vegetation, and (ii) determine how quickly these responses occur. The
experiment was initiated in September 2000 by moving soil cores from the meadow into the adjacent
forest and vice versa at each site. Control cores were either kept in the meadow or forest. To further
evaluate the influence of vegetation, half of the cores were enclosed in PVC pipe to limit root
ingrowth and half were placed in mesh bags to allow root ingrowth. After one year, some
transplanted cores were beginning to assume the characteristics of their new location, both in terms
of microbial activities and microbial community composition. Although no statistical difference has
yet been observed between open and closed cores, trends were apparent in some data. We will do the
final sampling of this experiment in September 2002.
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Geomicrobiological Investigations of Microbial Communities in Ferromanganese
Deposits in Lechuguilla Cave, New Mexico, U.S.A.
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Lechuguilla Cave, an ancient, deep, oligotrophic subterranean environment, contains an
abundance of low-density ferromanganese deposits that may be formed in part by microbial
processes.  To assess this possibility and to investigate the structure of the microbial community in
these materials, we performed bulk chemical analyses, x-ray diffraction (XRD), scanning electron
microscopy (SEM), enumeration and metabolic activity studies, enrichment culturing, and a small
subunit ribosomal RNA (SSU rRNA) sequence-based study of extracted DNA from both
environmental samples and cells from enrichment cultures. Bulk chemical analyses revealed that
these ferromanganese deposits are 25-80 wt% iron oxides and up to 20 wt% manganese oxides.  XRD
data showed the presence of gibbsite, goethite, nordstrandite, orientite, todorokite in these coatings.
Unusual morphologies of iron and manganese oxides, svanbergite cubes, corrosion pits, and a variety
of cell shapes including filaments, cocci, beads-on-a-string, and ribbon-like filaments with
protuberances were observed in the coatings and underlying rock with SEM.  Epifluorescent
microscopy revealed the presence of 107 cells/gram of ferromanganese material and stalked bacteria
in coatings and underlying punk rock.  Approximately 6% of these cells were metabolically active.

DNA was extracted from samples from three sites (approximately 300, 231, and 228 m
below the surface); rRNA genes were amplified by PCR, cloned, and sequenced.  To expand our
knowledge of possible manganese- and iron-oxidizing bacteria, additional rRNA gene studies were
carried out on manganese and iron enrichment cultures containing minimal or no organic carbon and
inoculated with ferromanganese deposits from Lechuguilla Cave. Sequence analysis of clones from
community DNA and enrichment culture clones showed the presence of some bacteria whose closest
relatives are known to oxidize or reduce iron or manganese, including Hyphomicrobium,
Pedomicrobium, Bacillus, Leptospirillum ferrooxidans, Stenotrophomonas, Pantoea, and Devosia
riboflavina (Hyphomicrobium group).   Manganese enrichment cultures were examined at intervals
of several months using SEM and XRD to characterize crystals formed in the cultures.  We observed
a progression of crystallization from amorphous to poorly crystalline to highly crystalline materials
over eight months of culture growth.  XRD revealed development in the cultures of buserite and
vernadite, two manganese-oxide minerals.  No crystal formation was observed in media not
inoculated with bacteria.  Bulk chemical analyses, the growth of manganese minerals in cultures
inoculated from natural ferromanganese deposits, and the SSU rRNA study results provide support for
our hypothesis that microorganisms contribute to the dissolution of limestone walls and the
formation of manganese and iron oxide-rich materials. The rRNA analysis has revealed a rich and
diverse microbial community in these unusual secondary mineral formations in caves.
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Fungal community analysis using environmental genomics

O’Brien, H., Jackson, J., Johnson, J., Parrent, J., Moncalvo, J.-M. and Vilgalys, R.
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We applied culture-independent methods developed for bacteria to assess fungal
community diversity across three different forest types within the Duke Forest without relying
on fruitbody collections. Samples representing litter, O, A, and B soil horizons
were investigated by direct DNA extraction from 50 pooled samples and cloning of DNA
libraries from PCR fragments for both variable (ITS) and conserved (18S) regions within the
rDNA genes. Ca. 1600 ITS sequences were produced and sorted using BLAST searches. ITS
sequences with > 80% similarity to fungal groups for which extensive taxonomic databases are
already available were further analyzed phylogenetically. Two hundred 18S sequences were
produced, and a global phylogenetic analysis was conducted to place them in a broader
framework within Eukarya. Results showed that species diversity is extremely high, with a large
proportion of unique sequence types. Fungi, especially ectomycorrhizal basidi-omycetes,
comprise 50-75% of eukaryotic diversity in all samples.  We are currently in the process of
developing automated databasing and bioinformatic tools to improve our ability to characterize
fungal communities. Given the relative ease of sequence data collection, these tools should enable
cross-platform comparisons of microbial biodiversity studies, including functional ecology and
changes in microbial communities.
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The High Salt Requirement of the Moderate Halophile Halomonas elongata DSM3043
Can Be Satisfied Not Only by NaCl But by Other Monovalent Ions

Kathleen O'Connor and Laszlo Csonka1, Department of Biological Sciences, Purdue University,
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Halomonas elongata DSM3043 is a moderately halophilic eubacterium, related to
Acinetobacter and Pseudomonas.  It has been reported to require at least 0.5 M NaCl for growth
and to grow optimally with 2 M NaCl.  In the course of the analysis of the biochemical basis for
the halophilism, we carried out an extensive survey of the nutrient requirements of this organism.
We observed that H. elongata DSM3043 required at least 0.15 M Na+ ions for growth, provided
that the medium contains high concentrations of some monovalent ions.  In media containing 0.3
M Na+, the growth rate was stimulated to similar extent by a variety of other salts, including 0.7
M NaCl, NaBr, NaNO3, NH4Cl, KCl, RbCl, and Na2SO4.  However, glucose at osmotically
equivalent concentrations did not support growth in the medium containing 0.3 M NaCl.  In
order to investigate the ion requirement of H. elongata DSM3043, we determined the dependence
of the transport rate of glycine betaine on the Na+ concentration.  We found that the glycine
betaine transport system of this organism has an apparent Ki of 0.4 M for Na+ ions in media
containing various combinations of NaCl and KCl.  Our studies suggest that H. elongata
DSM3043 needs 0.15 - 0.4 M Na+ ions, which could be required for the transport of nutrients.
However, in addition, it requires a high concentration of non-specific monovalent cations.  To our
knowledge, a requirement for high concentrations of cations is not precedented in the literature.
High ionic concentration may be required to stabilize the cell envelope.  Further experiments will
be carried out to test this hypothesis.  
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U.S./South African Undergraduate Education and Research Workshops

Susan M. Pfiffner and Kimberly L. Davis

The University of Tennessee, Knoxville, TN

The South African mines have provided a unique opportunity for research investigating
geochemical and microbial processes in deep subsurface environments.  This venture is an outgrowth
of ongoing research through the NSF Life in Extreme Environment Program for the Witswatersrand
Deep Microbiology Project.  The workshop in December 2002 is a continuation of an educational
effort begun last year, culminating in a workshop for U.S. and South African minority undergraduates
in December 2001 (NSF-0132418).  The purpose of the December 2001 workshop was to provide a
field laboratory experience for minority undergraduate students within the United States (U.S.) and
South Africa (S.A.) in the fields of Earth and Biological Sciences and Environmental Sciences and
Engineering.  The workshop goals were to recruit and engage undergraduate students in unique and
exciting research not normally available to them by offering state-of-the-art experimental
opportunities on specific scientific topics through interaction with faculty and to foster a science and
technology collaboration between the South African and U.S. communities through the development
of an undergraduate research experience workshop.  This workshop provided the basis for the
development of an undergraduate educational program to facilitate the transfer of innovative
technologies and increase the retention of minorities in fields of Earth and Biological Sciences and
Environmental Sciences and Engineering.  We successfully demonstrated that a workshop with
underground activities involving students from both nations was feasible.  Students worked in pairs
while being immersed in a cultural, scientific and interdisciplinary atmosphere that relied on
teamwork.  By various measures of surveys, comments, attributes and program commitment, a
positive impact on underrepresented minority students was shown.  A niche was found and a path was
demonstrated for fostering science, educational, and technology collaborations involving South
African mines, faculty and students from U.S. and S.A. universities, government and industry.  The
purpose for the December 2002 is three fold: (1) to provide an undergraduate research experience;
(2) to continue the exchange of science, education, joint research and biotechnological efforts; and,
(3) to explore opportunities for expanding the educational, research and biotechnological efforts.

The December 2002 workshop, jointly hosted by the University of Tennessee and the
University of the Free State (S.A.), will consist of two parts.  The main part of the workshop will be
the five-day undergraduate hands-on field laboratory logistics and biogeochemical research
experience, which will follow the December 2001 workshop format and curriculum.  It is anticipated
that approximately 20 participants (12-16 undergraduates) will be involved in the educational part of
the workshop.  The second part of the proposed workshop will consist of a day and a half of
information exchange of research results on life in extreme environments and biotechnological
applications.  Approximately 40 international participants are expected for the second part of the
workshop.  These participants will include the students and mentors from the undergraduate
educational experience, U.S. and S.A. representatives of government and industry, U.S. and SA
research scientists, representatives of S.A. mines, and faculty and students of several S.A. universities.
http://geomicro.utk.edu.
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Lake Vostok, Life below 4 km of Ice?
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Recent studies have revealed the presence of more than 100 subglacial lakes beneath the
Antarctic ice sheet. Lake Vostok, lying 4 km beneath the ice surface, is the largest (14,000 km2)
and deepest (>1000 m) of these lakes. The East Antarctic Ice Sheet  covered the lake
approximately 15 million years ago isolating it from direct contact with the atmosphere since
then.  Ice cores from Vostok Station, located above Lake Vostok, represent both glacial ice (to a
depth of 3538 m) and lakewater frozen to the bottom of the ice sheet. Both types of ice provide
models for life in icy environments, and allow implications to be made with respect to life within
the lake itself.  Studies of the physical, chemical, and biological properties of 9 cores from glacial
ice representing glacial and interglacial periods, as well as two cores from the accretion ice, were
conducted by a multi-disciplinary team of scientists.  During this first year of the project we
developed and tested decontamination protocols, assessed the physiological potential of the
organisms in the ice, examined the cores for bacteria, viruses, and particulate matter. Geochemical
parameters and physical features such as clathrates and dislocations within the ice lattice were
also measured.  This is the first comprehensive interdisciplinary study to examine geobiological
characteristics of glacial ice from the surface of the ice sheet to the accreted ice of Lake Vostok.
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Detection of Potentially Ubiquitous Taxa Using Culture-Independent Techniques

Brian A. Rash and Fred A. Rainey
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It is widely accepted that in many instances, the urban landscape can dramatically alter
various biological communities within a particular geographic area.  However, little is known on
how land use affects the diversity of the microorganisms.  Recent advances in culture-
independent techniques have demonstrated the bacterial diversity of collected samples and the
presence of certain distinct taxonomic groups in a variety of habitats.  In particular, some taxa are
considered by many to be ubiquitous to terrestrial samples and are represented by examples such
as the uncultured members of the deep-branching Acidobacterium phylum.  The Central Arizona-
Phoenix Long Term Ecological Research (CAP LTER) site is suitable for the study of (i) changes
in bacterial diversity across land use gradients and (ii) the ubiquity of certain bacterial groups
throughout a compact yet diverse environment.  From selected samples 16S rRNA gene clone
libraries were constructed and approximately 500 generated 16S rRNA gene clones per sample
have been characterized using ARDRA technique followed by sequencing to analyze and
compare diversity.  This has provided for various unique ARDRA patterns found in all clone
libraries constructed.  Such patterns can be considered to represent groups in the soil that are
ubiquitous.  16S rRNA gene PCR primers specific for the Acidobacterium phylum have also been
used to determine the presence or absence of members of these groups in all of the CAP LTER
samples.  The application of these primers has given a positive result for 87% of the soils tested.
However, there is a significant difference in the proportion of Acidobacterium-positive urban
samples (83%) compared to desert samples (98%).  Combining these culture-independent tools
has allowed for insight in the distinct shifts of bacterial diversity dependent on land use as well as
the discovery of taxa that have the abilities to remain throughout the site.
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A Tropical Microbial Observatory: Collaborative research on microbial diversity in
caterpillars
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As part of the Central American forests, Area de Conservacion Guanacaste (ACG), Costa
Rica, has been identified as a “hotspot” for conservation.  However, the criteria to define a hotspot
do not take into account microbial diversity.  The long-term objective of our microbial observatory
is to determine if prokaryotic and eukaryotic microbial diversity parallels macroorganismal species
diversity in tropical forest systems. As part of the MO, we will (i) determine the differences in
microbial (bacterial, archaeal, protistan and fungal) communities associated with guts, leaf and frass
of caterpillars feeding on Spondias mombin from dry forest, rain forest, and agricultural ecosystems
within the ACG, (ii) determine interspecific differences in the gut microflora of caterpillars foraging
on Spondias mombin, (iii) determine temporal variations in the gut microflora of caterpillars feeding
on Spondias mombin.   As part of a separate project supported by CRUSA (Costa Rica - USA
Foundation), the team at the University of Costa Rica is conducting a study on the changes in the
microbial diversity during different lifestages of one of the more conspicuous ACG caterpillars,
Rothschildia lebeau.

The first field season for our project was 2001.  This was an unseasonably dry year in the
ACG, and our initial collections were very restricted.  We revised our field strategy by placing reared
eggs of Rothschildia lebeau on Spondia mombin, and then collecting different life stages from these
specific trees.  We are assessing diversity using both molecular phylogenetic and classical culturing
approaches.  Initial difficulties with DNA extractions have been overcome in part, and TRFLPs of
the initial samples collected in 2001, suggested that there is greater prokaryotic diversity in the later
life stages and associated with the pupae.  Culturing of aerobes confirmed this initial observation.
Methods to overcome the overwhelming chloroplast signal in the TRFLPs are currently being
developed.

Measurements of the pH of the mid-midgut of R. lebeau ranged from 10.2-10.8 and the
hindgut from 4.2-7.4 in 5th stage instars. Oxygen concentrations measured in the midguts of 5th

instars, averaged around 2.0 ppm or approximately 30% saturation.  Consequently, media at pH 10
was developed to isolate different cyst-forming protists Furthermore, microsporidia, obligate internal
protistan parasites, have been detected in the midgut of R. lebeau. Preliminary data suggests that
there may be differences between protist communities on young versus older leaves.  Over 500
isolates of filamentous fungi from guts of Rothschildia lebeau  and Citheronia lobesis feeding on
Spondias mombin and from their food foliage and frass. These appear to be fungi common on and in
leaves; we expect a greater chance of detecting unique gut fungi using molecular methods to
investigate the gut lining, instead of the lumen.   These isolates are now being identified by both
morphological and molecular means; the sequences from these isolates will serve as references against
which sequences derived from community DNA extractions may be compared.
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Osmoregulation in Archaeoglobus fulgidus: Solute Stabilization Mechanisms and
Structural Studies of Enzymes in Di-myo-inositol-1,1’-phosphate (DIP) Biosynthesis

M.F. Roberts, K. Stieglitz, H. Yang, U. Mohanty, and B. Stec, Boston College, Chestnut Hill,
MA 02467

Archaeoglobus fulgidus, an anaerobic hyperthermophilic sulfate reducer, accumulates
several organic solutes, including the unusual organic anions _-diglycerolphosphate (_-DGP) and
di-myo-inositol-1,1’-phosphate (DIP), in response to osmotic stress. DIP, of all the natural
solutes, is also produced when the cells are incubated at supraoptimum temperatures. We have
investigated two facets of osmolyte function and regulation in this organism: (i) the mechanism
by which these solutes stabilize proteins, and (ii) the structure of two enzymes thought to be
involved in DIP biosynthesis as a way of probing how they may be regulated. Thermal stability
studies of several archaeal enzymes show that K+-salts (particularly K+-_-DGP, K+-_-glutamate,
and K+-DIP) provide the best protection against loss of activity. When one of these enzymes is
heated above Tm (the midpoint of the thermal unfolding transition), these effective solutes (but
not osmolytes used by mesophilic organisms) allow the protein to exist in a partially unfolded
state from which it can be easily renatured (either by decreasing the temperature or addition of
substrates). These charged solutes are considerably less effective for the same enzyme from a
mesophilic organism where neutral polyols tend to be generally more effective. While the
effectiveness of osmolytes as thermoprotectants correlates with increasing solution surface
tension, interactions that are more specific appear likely as well. As part of the work to define
more specific osmolyte / protein interactions we have obtained the crystal structures of two key
A. fulgidus enzymes in DIP biosynthesis, inositol-1-phosphate synthase (IPS) and inositol
monophosphatase (IMPase). IPS is the enzyme that commits cell resources for the production of
DIP by converting glucose-6-phosphate to inositol-1-phosphate (I-1-P). This tetramer of 44 kDa
subunits has an absolute dependence on metal ions (for the step where the C-C bond is formed)
as well as NAD+. A comparison of the structure of the archaeal enzyme to that from yeast IPS
suggests mechanistic differences between the two, although the mode of regulating the enzyme is
not clear. The IMPase enzyme responsible for generating myo-inositol from I-1-P, like the other
archaeal enzymes to which it has significant sequence homology, requires Mg2+ for activity and
also exhibits fructose bisphosphatase activity. The structure of the apo-enzyme reveals a
potential mechanism for regulation of the phosphatase activity. Two cysteine residues, separated
by ~4Å in the enzyme as isolated, can be oxidized by thioredoxin to form an intramolecular
disulfide that reduces Mg2+ affinity of the protein and abolishes catalytic activity. This redox
sensitivity, reminiscent of that for chloroplast FBPase, may be used in the osmotic response.
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Distinctive layers of the microbial mats from the Cabo Rojo salterns were subjected to
microscopic, geochemical and X-ray diffraction analyses.  Light microscopy analysis of the top
green layers revealed cyanobacterial populations from the Microcoleus, Lynbya and
Ectothiorhodospira genus.  An unidentified filamentous bacterium that forms Oscillatoria-like
filaments was also dominant in the top layers of the mats.  Transmission electron microscopy of
these filaments indicated abundant exopolymeric substances.  The bottom layers of the mats
were rich in unidentified communities of purple sulfur bacteria and anoxyphototrophs.  Even
though some of the mats were covered by a salt crust of 2 mm thickness some of their
communities still exhibit active photosynthesis.  The rate of photosynthesis exceeded the aerobic
respiration detected indicating a significant sulfate reduction potential.  Interestingly, our
mineralogical analyses also revealed a layering in the minerals of the mats.  Aragonite, halite and
quartz were detected in the top and bottom layers.  However, other minerals such as calcite and
gypsum were only detected in the bottom layers of the mats studied.  Or next step will be to
study the activities of the different biological communities, their contributions to the formation of
these minerals and their quantification.
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Viable fungi, bacteria, and viruses can be isolated from glacial ice (as well as from the ice
cubes in your drinks).  We have isolated nearly 500 living fungi and bacteria, some of which are
pathogens of plants and animals.  One of the original purposes of the project was to measure
mutation rates by comparing the sequences of various genomic regions at
different points in time.  However, each stratum of ice that we have assayed contains ancient
genotypes as well as what appeared to be modern genotypes.  This has caused us to reconsider
our original ideas about the organisms of ice, and lead us to propose the phenomenon that we
term Genome Recycling.  Basically, ancient organisms melt out of the ice and enter the
contemporary population of organisms of the same species.  They can then have direct effects on
the contemporary population through gene flow.  Genome Recycling can effectively lengthen the
life cycle of the organism, store away genes
that may be beneficial once the organisms melts and reenters the population, affect modern hosts
(since the pathogen has been absent for several host generations), etc.  The only way that this can
have an effect is if the genes of the organisms melting from the ancient ice become established in
the contemporary population (i.e., via gene flow).  This can happen only if the organisms are in
sufficient numbers and the genes can survive and
propagate within the population.  For pathogens, the advantages are clearer, in that they may
reemerge from the ice and infect a populations of hosts (including humans) that have no (or
limited) resistance to the pathogens.
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The Search for Microorganisms in Brine Inclusions in Halite: An Update
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The recent report by Vreeland et al. (2000) of extraction and growth of a bacterium
(Bacillus species 2-9-3) from a fluid inclusion in halite from the 250 million year old Permian
Salado Formation has raised new interest in the revival of life forms trapped inside crystals.
Studies of ancient microorganisms inside crystals of halite done in conjunction with
sedimentological and geochemical characterization of the host rocks provide information on the
timing (surface versus post burial) and physical setting (temperature and brine chemistry from
fluid inclusions) of crystal growth and microorganism entrapment.  The paleoenvironment in
which bacteria were entombed in brine inclusions in halite can be evaluated from petrographic
studies, which document the basic environmental settings (i.e. saline pan or perennial saline lake).
Chemical analyses of inclusion brines by the ESEM-x-ray EDS technique can document the major
ion chemistry of the brines that harbored ancient microbes.  Fluid inclusion homogenization
microthermometry results give the temperatures of the brines from which halite precipitated.
Such studies and additional work on isolating bacteria from ancient salt formations will lead to a
better understanding of halobacteria and their preservation in buried salt deposits.

An integrated geobiological approach has been used to study halites from the Silurian Salina
Formation (F-Salt), Michigan, the Permian Salado Formation, New Mexico, Cretaceous salts of
Brazil, as well as modern salts from Death Valley and Baja California, Mexico.

The recent report on the cultivation of a 250-million-year-old bacterium from the Salado
salts has been challenged because Bacillus species 2-9-3 was extracted from a coarse, clear halite
cement of indeterminate age and ambiguous origin (Hazen and Roedder, 2001).  New work on
these Salado halite cements from depths of 569 m shows that they formed syndepositionally by
evaporation of seawater-derived groundwater brines at temperatures of 17º to 30º C.

The search for bacteria in other salts has benefited tremendously from this integrated
geobiological approach. The ion chemistry data shows that Silurian and Cretaceous seawater was
chemically different from modern seawater.  These seas were relatively depleted in Mg, SO4, and
Na, and enriched in Ca.  These data have been incorporated into new types of bacterial growth
media.  In addition, the microthermometry data have shown that some formations were produced
at lower temperatures than originally anticipated prompting a change in incubation parameters.
At the time of this writing these interactions have produced more new bacterial isolates than were
previously obtained.  Currently the combined laboratories are characterizing six new halophilic
Archaea, some of which were isolated from Cretaceous salts and represent the oldest known non-
spore forming microbes.  Some of these isolates produce colony types that have not been
previously described.  These isolates also possess a rather limited metabolism and grow best at
salt concentrations higher than those normally encountered with other halophilic microbes.
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LExEn: Mercury Resistance in Archaea
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The biological role of mercury in archaea is under investigation using Sulfolobus
solfataricus (Sso) as a model system and field studies at Coso Hot Springs (CSH), a naturally
occuring mercury rich environment located in the Mojave desert. 16S rRNA profiling at CSH
revealed a diversity of hyperthermophilic acidophilic aerobic and anaerobic crenarchaea. In situ
FISH analysis demonstrated an abundance of both prokaryotic domains indicating the resident
microbial community is unusually mercury tolerant. Laboratory-based in vivo and in vitro studies
show that mercury is toxic to Sso because it blocks transcription. Transcription inhibition
appears to result from inactivation of eukaryotic-like zinc finger transcription factors. As
observed in bacteria, laboratory strains of Sso encode a mercuric reductase (merA) flanked by a
merR-like transcriptional regulatory protein. Targeted merA disruption in Sso produced a
mercury sensitive phenotype verifying merA gene identity. Surprisingly, in a natural CSH Sso
isolate merR encodes an in-frame nonsense mutation implicating existence of an alternative
mercury transcription factor. Archaea thus resemble hybrid organisms with the mercury
susceptibility of eukaryotes and the mercury resistance of bacteria. Co-occurrence of these
functions in Sso suggests mercury resistance evolved in archaea.
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Soils are complex physical bodies and microbes live throughout the soil profile down to many
meters depth. Despite that, almost all studies on soil microbial communities have focused on
surface communities (typically 10 cm), or they have only studied the deep vadose zone. It is
critical to study communities and their functioning through the whole soil profile because while
the surface soils are more active per gram, the massive deeper horizons may contribute
significantly to the overall activity of biogeochemical processing. Strong gradients of resource
availability and stress exist through the soil profile, and the functioning of the community is
likely dominated by these gradients. The resource gradient is driven by the quantity and quality
of organic matter inputs, while the stress gradient is likely largely driven by drought and the
regular drying/rewetting events that soils experience.Our project focused on understanding how
microbial community diversity, composition, and function change as a function of these gradients
of stress and resource availability through the soil profile down at least 4 m. We used a
combination of 16S rDNA based fingerprinting (T-RFLP), clone library development, PLFAs,
and a suite of physiological approaches to evaluate community composition and function.
Results of the work to date include:

• Microbial biomass, activity, and functional diversity in the soil profile decline dramatically
with depth to approximately 50 cm then stabilize at non-zero levels to 4 m. These patterns
parallel resource (C and N) and stress (variability in temperature and moisture) gradients.

• Greater than 30% of soil C and biomass reside deeper than 50 cm in a 4 m depth profile.
• Community diversity is highest at an intermediate depth (ca. 25 cm) below the surface, i.e.

where resources are still high but stress is lower than the surface. This suggests our original
hypothesis that intermediate disturbance/resource theory of macroecology applies to soil
communities.

• The microbial community in the subsurface is distinct from the surface.
• Availability of carbon as a resource is a particularly strong determinant of community

composition.
• Grassland surface communities are tolerant of drying/rewetting stress but tolerance appears

to be expensive in terms of requiring available C.
• Differential morphologies on wetting and drying while imaging with environmental scanning

electron microscopy (ESEM) can distinguish unsaturated bacterial biofilms from
surrounding surfaces.
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Alaskan Soil: A Cold Microbial Observatory

Pat rick D. Sc hloss 1, L ynn R . Wil liams on1, J oshua  P. K earns 2, J illia n F. Banfi eld2, R oger W.
Rue ss3, W illia m W. Metca lf 4, a nd Jo  Hand elsma n1

1 Un ivers ity o f Wis consi n - M adiso n, 2 Un ivers ity o f Cal iforn ia – Berke ley, 3 Un ivers ity o f
Ala ska –  Fair banks , 4 Un ivers ity o f Ill inois  – Ur bana/ Champ aign

The  soi ls of int erior  Ala ska rep resen t a lar ge and  div erse hab itat of the  bor eal for est
who se mic roorg anism s, bot h cul tured  and  unc ultur ed, hav e bee n lar gely ign ored.   Rec ent stu dies
of oth er col d env ironm ents hav e rev ealed  nov el and  div erse mic robia l lif e, sug gesti ng tha t the 
soi ls of Ala ska wou ld be a pro ducti ve hun ting gro und for  new  mic roorg anism s and  new  mic robia l
fun ction s.

The  Ala skan Soi l Mic robia l Obs ervat ory (MO ) is in the  Bon anza Cre ek Exp erime ntal
For est, a NSF -supp orted  Lon g Ter m Eco logic al Res earch  (BN Z LTE R) sit e app roxim ately  30 km
sou thwes t of Fai rbank s, Ala ska (64° 48’N, 147° 52’W).  Whi le the  for est has  bee n the  sit e of
int ensiv e eco syste m stu dies,  lit tle is kno wn abo ut the  str uctur e or fun ction  of the  mic robia l
com munit y.  Of par ticul ar int erest  is the  rol e of mic roorg anism s in the  pho sphor us (P)  cyc le,
bec ause rec ent wor k has  ind icate d tha t eco syste m pro ducti vity is lim ited by P ava ilabi lity.   An
ass umpti on of the  wor k pre sente d her e is tha t a P-l imite d eco syste m is lik ely to con tain
org anism s wit h div erse str ategi es for  acq uirin g P.  Rec ent fin dings  in oth er eco syste ms ind icate 
tha t mic roorg anism s ext ract P seq ueste red in min eral com plexe s and  in red uced for ms tha t wer e
pre vious ly tho ught to be una vaila ble to bio logic al sys tems.   The  goa ls of thi s MO are  to des cribe 
the  div ersit y of the  mic robia l lif e in the  soil  and  dis cover  mec hanis ms by whi ch mic robes  in the 
soi l ext ract P fro m the  env ironm ent.  

The MO site we have selected consists of three replicate balsam poplar (Populus
balsamifera) stands where ecosystem research is being conducted by the BNZ LTER.  Due to periodic
flooding of the Tanana River, the soil is striated with alternating 10-cm layers of loess and organic
material.  Our initial microbial and physical characterization of the MO will address the variability
found within soil striations, among replicate samples within a site, and among sites.  Preliminary
mineralogical analysis of these layers suggests that a major source of phosphate in the system is in
the form of apatite derived from alluvial processes.

Thr ee te chniq ues h ave b een s elect ed to  surv ey th e mic robio logic al co mpone nt of  the soil: 
cul turin g, me tagen omics , and  16S rDNA analy sis.  The 16S r DNA a nalys is wi ll be  cond ucted  with 
DNA  extr acted  dire ctly from the s oil, from cultu red i solat es, a nd fr om me tagen omic libra ries.   A
culture collection of 683 isolates is being screened using RFLP analysis of rDNA intergenic spacer
amplification (RISA) and we identified at least 100 unique isolates.  The culture collection contains
isolates that solublize hydroxyapatite (332 positives), have antimicrobial activity against Bacillus
subtilis (45 positives), and that exhibit psychrotrophy (598 positives) and psychrophilia (59
positives).  Preliminary 16S rDNA analysis of several isolates suggests the culture collection contains
diverse and previously unidentified isolates.  We constructed a 16S rDNA clone library containing
more than 1,000 clones from a single sample by PCR amplification of 16S rRNA genes from DNA
extracted from soil, and we sequenced approximately 800 bp of the 5’-end of the 16S rRNA genes.
Based on the observed diversity, we expect to find numerous sequences from cultured and uncultured
organisms that will form the basis for new bacterial divisions as well as add isolate and sequence
information to sparsely characterized existing divisions.  We extracted genomic DNA from soil
samples and cloned the DNA into a bacterial artificial chromosome (BAC) to construct metagenomic
DNA libraries.  These libraries are being screened for mineral phosphate solubilization, antimicrobial
activity, and 16S rRNA genes.  The  inte nsive  and exten sive sampl ing o f the  MO s ite w ill e nable  us
to bette r und ersta nd th e cha nges in mi crobi al po pulat ions and f uncti onal capab iliti es th rough out
the  year  and over the c ourse  of s evera l yea rs.  The p relim inary  anal yses sugge st th at th ere i s
pot entia l for  disc overi ng no vel b acter ial g roups  and mecha nisms  of u tiliz ation  of m inera l and 
red uced P. Mo re in forma tion is av ailab le at  our websi te: w ww.pl antpa th.wi sc.ed u/fac /joh/ mo.ht m
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Profound Seasonal Changes in Microbial Diversity and Function in an Alpine Ecosystem

S. Schmidt1, A. Martin1, C. Schadt1, D. Lipson2, D. Oline3, A. Meyer1, E. Costello1, D.
Nemergut1 and J. Metcalf1

1Dept. of EPO Biology, University of Colorado, Boulder, CO  80309
2Dept. of Biology, San Diego State University, San Diego, CA  92182
3Dept. of Biology, Southern Oregon University, Ashland, OR  97520

We studied changes in microbial biogeochemistry and diversity associated with the
transition from winter (snow-covered period) to summer (plant-growing season) in alpine tundra
and sub-alpine forests of the Rocky Mountains.  During each period, various forms of nitrogen
(N) and carbon (C) were measured and the identities and diversity of the bacterial, archaeal, and
eukaryotic microbial communities were assessed by small or large subunit rRNA sequence
analysis.  Pronounced biogeochemical changes were evident during snowmelt.  Analysis of the
microbial diversity revealed that temporal variation (before vs. after snowmelt) was greater than
the spatial within-season variation.  Statistical analyses that incorporated phylogenetic
information revealed significant temporal changes in the community structure of bacteria and
fungi.  In particular, the winter bacteria community had the highest proportion of Actinomycetes
and the CFB group.  Members of the CFB group are known to degrade complex polymers, which
is consistent with our field measurements of extensive decomposition under the snow pack.  The
Acidobacterium group were always abundant, but especially so during snowmelt.  The summer
community had a higher proportion of beta-Proteobacteria, Green Non-Sulfur Bacteria and the
Verrucomicrobium group.  We found several sequences belonging to the recently proposed
candidate divisions, OP10, BD and TM7 and a completely novel candidate division (SPAM) that
appeared only during snowmelt.  The diversity of Crenarchaeota did not differ between winter
and summer, however, members of the ubiquitous SCA1145 clade were not identified in any
sample.  A novel clade, basal to the known terrestrial Crenarchaeota, was common in all samples
and the unique FFSB clade was identified from the winter sample.  Fungi dominated all
eukaryotic clone libraries, but the kingdom-level groups CTAC, Aveolates and LEM2 were also
abundant, although LEM2 was only present in the summer.  The dominant fungal group in the
winter was highly divergent from the dominant summer group and both groups appear to be
undescribed, class-level clades of the Ascomycetes.  Basidiomycetes were rare in the winter and
much more common in the spring and summer.  Overall our comprehensive seasonal approach
has given us new insight into both microbial diversity and biogeochemical functioning in a highly
seasonal environment.  Importantly, the large temporal variation seen in this study implies that
soil microbial communities are very dynamic at any given site.
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The Great Salt Plains Microbial Observatory

Mark Schneegurt1, William Henley2, Mark Buchheim3, and Robert Miller2

1Wichita State University, Wichita, KS, 2Oklahoma State University, Stillwater, OK, 3University
of Tulsa, Tulsa, OK

Microbial ecology studies of hypersaline environments have mainly focused on aquatic
systems, most of which are of marine origin.  Far less research has been performed on terrestrial
non-marine environments.  The Salt Plains National Wildlife Refuge near Cherokee Oklahoma
contains a barren salt flat where the briny remains of an ancient sea rise to the surface and
evaporate under dry conditions to leave a crust of white salt.  Rainfall events dissolve the salt
crust and create temporary streams and ponds.  Salt conditions change rapidly in time with
rainfall events and in space as the plains give way to vegetated areas.  The rapidly changing
conditions and high surface temperatures, salt concentrations and UV exposure make this an
extreme environment.  We are characterizing the soil microbial community of the salt plains using
classic enrichment and isolation techniques.  Rich aerobic heterotrophic growth media have been
emphasized initially, that differ in total salt concentration (10, 17, and 25%), magnesium
concentration, pH, and temperature (25 and 37 _C).  Media that are more selective are being
used to enrich for halotolerant diazotrophs, nitrifiers, and other groups.  Halotolerant
photoautotrophs are being isolated using carbon-free mineral media.  Phototrophic isolates
include Dunaliella, Oscillatoria, and Nannochloris species.  Initial efforts are underway to isolate
other algal groups known to be present, including various pennate diatoms.  Heterotrophic
enrichments have generated dozens of halotolerant bacterial and archaeal isolates.  The collection
includes bacterial isolates that are Gram-positive, Gram-negative, motile, nonmotile, bacilli, cocci,
and vibrios.  The bacterial are being characterized phenetically and unique isolates subjected to
rDNA sequencing and phylogenetic analysis.  The initial collection is predominantly related to
Bacillus spp. and Halomonas spp.  The most abundant species are being identified through serial
dilution plating and MPN-PCR.  Study of the ecology and physiology of microorganisms from
this extremely dehydrating environment has been initiated.  The DNA repair capacity of
microbial isolates from the Salt Plains has been analyzed by measuring survival rates and
determining UV-survival coefficients.  Increased repair potential in these organisms compared to
E. coli and P. aeruginosa may suggest that high-salt environments select for bacteria with
heightened levels of expression of recA and UV repair mechanisms.
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The Complicated History of a Promiscuous Operon

Janet L. Siefert1 and James F. Kasting2

1 Department of Statistics, Rice University, Houston, Texas 77251;
2 Geosciences Department, Penn State University, State College, PA 16802

Microbial genome analysis has revealed that the architecture of the genome is quite fluid
and dynamic. Limited operonic structures are found intact between closely related organisms.  In
fact, in spanning the phylogenetic breadth between archaea and bacteria less than 20 putative
operons are found in common, the majority of these related to ribosomal function. The driving
force behind the lack of conserved genome structure is likely to be horizontal gene transfer. This
transfer of genetic material can be in pieces that may or may not include portions of genes, single
genes, multiple genes, or operons. The presence and frequency of transfer is being indicted as a
major reason for phylogenetic incongruity and the lack of confidence in single gene trees. We
report the conservation of a unique putative operon whose phylogenetic history indicates
multiple duplication events as well as a robust inclination to spread throughout the bacterial
kingdom. The only consistent exceptions to this phenomenon are the absence of the operon in
Archaea or cyanobacteria unless they have the capacity to fix nitrogen. This operon is composed
of two genes, nifS and nifU, which are involved with iron-sulfur cluster formation. As iron-sulfur
cluster formation is integral to the enzymes of many core metabolic functions of both Archaea
and Bacteria, the first occurrence of this operon and it‚s subsequent evolution are important. We
report the phylogenetic reconstruction and whole genome analysis for 60 microbial genomes with
respect to the following genes: NifS (2 paralogues), NifU, IscA, and CobT. We report the timing
of two separate versions of this operon and discuss the likely evolutionary scenario that may
have led to their phyletic distribution today.



72

A tropical microbial observatory:  Collaborative research on microbial diversity in
caterpillars

Holly M. Simon*, Jiangchao Zhao*, Bridget F. Young*, Luis Felipe Chavarria Diaz#, Jo Handelsman*
and Robert M. Goodman*

*Department of Plant Pathology, University of Wisconsin-Madison, Madison, Wisconsin

#Guanacaste Conservation Area, Guanacaste, Costa Rica  (In collaboration with Daniel H. Janzen, U-
Penn, Ana Sittenfeld, U-Costa Rica, Anna-Louise Reysenbach, PSU, Greg Thorn, U-Western
Ontario, and Linda Amaral Zettler, MBL)

Caterpillars are the primary consumers of tropical vegetation and have substantial impacts on
the ecosystem both as herbivores and as food for other animals. The goals of our microbial
observatory are to describe midgut microbial assemblages in Lepidoptera larvae (caterpillars) and
relate functions of prokaryotic symbionts to caterpillar biology and ecological roles in a tropical
forest ecosystem. We are using complementary approaches, based on molecular phylogenetics and
new methodology that directly accesses the collective genomes (the ’metagenome’) of members of
microbial assemblages without cultivation, to accomplish these goals. Diverse microorganisms are
found in recurrent extra- and intracellular associations with insects. Many such associations are
obligate, intracellular, and are essential for host survival. Other microorganisms form specific and
enduring but extracellular associations that are central to the metabolism and other properties of the
host. Still other associations are transient, and either incidental or beneficial but nonessential to the
host. Our microbial observatory is based at the Area de Conservacion Guanacaste (ACG) in
northwestern Costa Rica http://janzen.sas.upenn.edu; the focus of ecological research in the ACG
since 1978 has included a massive-scale bioinventory of caterpillars (more than 1600 species) and
their traits (e.g., ecology, food plants, development and parasitoids). Upon this blueprint we will map
microbiological information obtained from analysis of midgut microorganisms from selected
caterpillar species. Our objectives are to: (1) Describe the diversity of caterpillar midgut microbiota
for three different species of caterpillars (2) Construct metagenome libraries from the midgut
microbiota of the different species of caterpillars; and (3) Assess phylogenetics, genetic and
(potential) functional diversity of the metagenome libraries.

In the first year of the MO, sampling limitations and challenges related to extraction, purity,
storage and transport of DNA from tropical caterpillar midguts led us to develop a model system to
overcome these challenges using methods that would be amenable for use at our field site.  We used a
Manduca sexta model to develop and test an approach for the separation of gut microbial cells from
larva and food plant cells, and for storage and transport of separated cells prior to DNA extraction in
Wisconsin. We next applied this approach to tropical caterpillars collected at the ACG, and have
subsequently constructed both BAC and SSU rDNA libraries from their midgut microbial assemblages.
Initial characterization of these libraries indicates the presence of novel and diverse microorganisms.
Work in progress will lead to a description of the genomic and metabolic diversity contained in the
BAC libraries. Our results will provide the basis for the development and testing of hypotheses about
the contribution of midgut microbiota to caterpillar ecology and physiology within the greater ACG
ecosystem, and will lead to discovery of new microbial phylotypes and their novel products.
Educational and outreach benefits of the MO include cross-cultural and cross-disciplinary exchanges
of ecological, microbiological and molecular biological information through training of students and
visits to collaborators’ laboratories. Additionally, information about the MO has been distributed to
the broader scientific and public communities in a number of seminars and radio programs.
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Diversity of Functional Genes Encoding Anaerobic Degradation of Benzoate,
Hydroxybenzoate and Toluene

Bongkeun Song* and Bess Ward

Department of Geosciences, Princeton University, Princeton, NJ 08544

Aromatic compounds are widely distributed in the environment due to both natural
production and anthropogenic inputs. Bacteria respiring oxygen readily metabolize various forms
of aromatic compounds using monooxygenase and dioxygenase enzymes. However, the aromatic
compounds introduced into anoxyic environments cannot be attacked by these oxygenases,
because they require molecular oxygen. Bacteria utilizing alternative electron acceptors such as
nitrate, iron, sulfate and carbon dioxide can metabolize these aromatic compounds for their energy
and cell mass production. In this study, denitrifying bacteria capable of degrading aromatic
compounds were examined to investigate the diversity of functional genes encoding benzoyl-CoA
reductase, 4-hydroxybenzoyl-CoA reductase and benzylsuccinate synthase, central enzymes for
anaerobic degradation of aromatic compounds. The genes encoding benzyl-CoA reductase and 4-
hydroxylbenzoyl-CoA reductase were initially cloned from two anaerobic bacteria, the
phototroph Rhodopseudomonas palustris and the denitrifier Thauera aromatica. The genes
encoding benzylsuccinate synthase were subsequently found in several denitrifying strains of the
genera Thauera and Azoarcus as well as in a metal reducer Geobacter metallireducens. The search
for these genes was extended to several genera of the Proteobacteria and in environmental
samples using direct PCR amplification with degenerate primers. These three different genes were
detected from various denitrifying bacteria belonging to α-, β- or γ- Proteobacteria and sediment
samples from Arthur Kill, New Jersey and Chesapeake Bay, Maryland. Sequencing and
phylogenetic analyses detected substantial diversity of these functional genes in the bacterial
isolates as well as in the environmental samples.
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A Survey of the Microbial Diversity of the Hydrogen-Driven Yellowstone Ecosystem

John R. Spear and Norman R. Pace

MCD-Biology, University of Colorado, Boulder

The overarching goal of this work is to characterize hydrogen (H2) concentrations, then to
describe and understand the organismal composition, structure and physiology of selected
microbial ecosystems in which hydrogen-metabolism may be a dominant theme.  Hydrogen is the
most abundant element in the universe and the basis of diverse microbial metabolisms.  Yet, little
is known about how this important energy source functions in natural microbial communities.
Hydrogen-metabolizing microorganisms potentially are involved in several geological processes,
such as the formation of ore bodies and the erosion of rock in all environments.  The Yellowstone
National Park hydrothermal ecosystem is generally considered to be supported by sulfur
metabolism, but preliminary results indicate unexpectedly that hydrogen-metabolizing organisms,
both known and novel consortia or communities, may dominate this and other geothermal
ecosystems.

In order to survey the distribution of hydrogen concentrations in high-temperature
Yellowstone waters (pools, streams, hydrothermal vents, and a well) we pumped source waters
and performed air-bubble-stripping with H2 analysis by gas chromatography.  The results
indicate levels from at least 3 to 300 nM H2.  A survey of microbial communities from locations
with significant concentrations of hydrogen is underway using molecular approaches, based on
cloning and sequencing of 16S rRNA genes for phylogenetic analyses, to determine the nature and
quantities of microbial diversity that constitute these ecosystems.  Analyses to date indicate the
ubiquitous dominance of uncultured organisms of the phylogenetic kinds that rely exclusively on
H2 as an energy source.  Collectively, the results indicate that H2 rather than sulfur metabolism
may be the dominate metabolism in this and potentially other hydrothermal ecosystems.
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Anhydrophilic microbial mats of San Salvador, Bahamas (San Salvador Microbial
Observatory)

Timothy F.  Steppe, Hans W. Paerl, UNC-Chapel Hill, Institute of Marine Sciences;
James L. Pinckney, Texas A&M University, Dept. of Oceanography; Alan J. Decho
University of South Carolina, Dept. of Environmental Health Sciences

Like many Bahamian Islands, San Salvador Island (24o05' N, 74o30' W) contains
numerous shallow, hypersaline (45 to 180 ‰) lakes.  The lakes are subjected to intense irradiance
(> 2100 _E m-2 s-1), high temperatures (> 35o C) and chronic nutrient depletion.  Highly
productive microbial mats blanket the shallow sediments in many of the lakes.  The mats
contribute significantly to the dissolved and particulate matter flux (i.e., C, N) within the lakes.
During the dry season (December to April), as lake levels recede due to evaporation, the mats
become exposed and subjected to both increased osmotic stress and desiccation stress.  As a
result, water stress plays a dominant role in controlling the growth, proliferation, and structure of
the mats.  The overall research objective of this study is to assess the influence water availability
has on structural diversification, community composition, production, and carbon sequestration
in microbial mats.  Three transects, 26 meters in length, have been established along a desiccation
gradient in one of the hypersaline lakes, Salt Pond.  The cyclical nature of Salt Pond’s lake levels
yields a natural desiccation gradient.  Samples for community composition (diagnostic
photopigments, DNA -- nifH, 16S, dsr --), extracellular polymeric substances (EPS) content, and
osmoprotectants (trehalose, glycine betaine, etc), C & N content, and microscopic documentation
are collected during each site visit (two to three times a year).  Rates of key C and N cycling
processes (photosynthesis and N2 fixation) were obtained over a diel cycle.  N2 fixation was
temporally separated from photosynthesis.  While the phototrophic community composition did
not vary, the carotenoid pigment ratios shifted from being primarily photoprotective in the more
desiccated sections to ones associated with photoacclimation responses in the more submerged
sections.  Microelectrode measurements of photosynthesis showed that the highest rates of
oxygenic photosynthesis occurred within the middle part of the gradient.  The results suggest
that changes in the ecophysiology of the mats are good indicators of the degree and frequency of
desiccation.  Cultures of cyanobacteria and heterotrophic bacteria have been obtained utilizing
media with different salinities, carbon sources, and with and without a nitrogen source.  Selection
of desiccation-tolerant organisms will be a prime focus of future culturing efforts.  Notably, San
Salvador is located on the Atlantic “hurricane track” and as such provides an excellent
opportunity to examine mat microbial growth, compositional and physiological responses to
acute and longer-term (i.e., changes in hurricane frequency) climatic perturbations.  Through
collaborations with climatologists at the University of North Carolina at Wilmington we hope to
develop a conceptual model linking climate and water budget data, water availability, community
composition, primary production, and EPS production and cycling.
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Virioplankton and the annual biological cycle of the Chesapeake Bay
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The discovery and later acknowledgement that viruses are the most abundant class of
microorganisms in aquatic environments is perhaps the best example of our ignorance as to the
true nature of microbial communities. In the years since this epiphany, we have learned that in
some environments viral infection accounts for a significant proportion of daily bacterial
mortality; making viral lysis the most efficient means of transforming biomass into dissolved
organic matter. Moreover, as viral infection is generally very host-specific, this process may be
important in shaping the composition and diversity of co-existing plankton communities. To date
the majority of virioplankton studies have concentrated on methods development; simple
enumeration and observational studies; and, to a more limited extent, examination of
virioplankton diversity and community structure. In only a few cases, mainly focusing on
enumeration, have virioplankton populations been examined in the context of an annual cycle. An
important goal of this microbial observatory is to investigate the role of viruses in the annual
biological cycle of a temperate estuary, the Chesapeake Bay. In this effort we will apply a suite
of recently developed analyses to characterize the productivity, diversity and composition of
Chesapeake Bay virioplankton over annual cycles. Coincident with these analyses will be efforts
to bring novel phycoviruses and cyanophages into culture.

Initial investigations have focused on comparative studies of three methods for estimation
of viral production (TdR incorporation, fluorescently-labeled virus (FLV) tracer, and dilution);
isolation of cyanophage infecting strains of the unicellular cyanobacteria, Synechoccocus; and
characterization of cyanophage and bacterioplankton populations using culture-independent
approaches. Estimates of virioplankton production varied widely between the methods ranging
from 0.1 to 7 x 106 viruses ml-1 h-1 for the same water sample. From these initial trials it appears
the dilution approach will suffice for routine estimation of virioplankton production, however,
each method has significant shortcomings. Several phages infecting green strains of Synechoccocus
from Chesapeake Bay were isolated and characterized according to microscopy, plaque
morphology and molecular phylogeny of the g20 gene. Terminal restriction fragment length
polymorphism (TRFLP) analysis of g20 amplicons from  cyanophage in Baltimore Harbor
indicated dramatic seasonal variation in populations of these viruses. Similarly, populations of
bacterioplankton showed strong seasonality in community structure as assessed by 16S rRNA
denaturing gradient gel electrophoresis (DGGE). Finally, we are developing a novel approach to
phenotypic characterization of bacterioplankton using proteomic tools. From a combination of 2-
D gel electrophoresis and MALDI TOF MS several proteins were identified from
bacterioplankton concentrates collected from Chesapeake Bay water samples. It is our hope that
this approach will eventually lead to new insights on the connection between the structure of
microbial communities (viruses, bacteria and phytoplankton) and the biogeochemical function
they perform.
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Analysis of Sargasso Sea microbial communities by fluorescence in situ hybridization
using peptide nucleic acid probes

Worden, A.Z.1, R. Gausling3, J.J. Hyldig-Nielsen2, H. Stender2, and F. Azam1

1Scripps Institution of Oceanography, La Jolla, CA; 2Applied Biosystems, Bedford, MA;
3University of California San Diego Medical Center, San Diego, CA.

Tremendous marine microbial diversity has been realized via small subunit (SSU) rRNA
gene clone libraries. However, the relative abundances of picoeukaryotes (< 2 micrometers),
archaea and eubacteria are not well documented. Such analysis is important for understanding
marine ecosystems. We conducted a field study in the Sargasso Sea to determine patterns of
microbial distribution. Samples were taken to 3000 m depth during two cruises (spring and fall
2001). To visualize the community, whole cell fluorescence in situ hybridization (FISH) analysis
was performed on membrane filters using peptide nucleic acid (PNA) probes targeting eukaryotic
and eubacterial rRNA in conjunction with DNA staining for total counts. PNA probes were used
due to their high sensitivity and specificity, in particular for highly structured rRNA targets and
because the PNA FISH protocol could be used simultaneously for both probe types.
Picoeukaryotes generally appeared to be free-living and low in abundance (5 – 11%) over a 3000
m profile. Eubacteria were abundant and often appeared to be particle associated. In deeper
samples probed bacteria fluoresced weakly, suggesting lower ribosome content and activity at
depth.  Archaeal numbers (total counts minus sum of eubacteria and eukaryotes) approached 42-
54 % in the deepest samples. This result is currently being confirmed with archaeal probes. In
order to design more specific PNA probes, SSU rRNA genes were amplified using three different
PCR primer sets, specific for archaeal, eubacterial or eukaryotic SSU rRNA genes and clone
libraries were generated from 500 m and 3000 m samples. Diverse unidentified euryarchaeotes
and crenarchaoetes were found in these libraries. Picoeukaryotic diversity was comparably broad.
Unidentified alveolates, stramenopiles and acanthareans were found at 500 m whereas alveolates
dominated at depth. Alpha and delta-proteobacteria bacteria were well represented at both 500 m
and 3000 m, while gamma-proteobacterial sequences were more numerous at 3000 m than at 500
m. It is envisioned that PNA FISH with species-level resolution will enable future ecological
studies on changes in abundance, morphology, activity and particle associations of specific
microbes.
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Anaerobic bacteria and methanogens in northern peatland ecosystems

J. Yavitt, S. Zinder, S. Brauer, and E. Yashiro. Cornell University, Ithaca, NY.

Our Microbial Observatories project, began in January 2002, is using biogeochemical,
molecular biological, microscopy, and cultural techniques to examine microbial populations that
produce methane and decompose organic matter in [northern] peat-forming wetland ecosystems.
Of particular interest is comparing microbial populations in the low pH (3.6-4.0) mineral-poor
shrub/Sphagnum-dominated McLean Bog with wetlands with less extreme conditions, including
the forested Sphagnum bog, Labrador Hollow, and the sedge fen, Michigan Hollow. All three of
these wetland soils are actively methanogenic. Despite the fact that no methanogens have ever
been isolated that grow under such low pH conditions, preliminary ARDRA of McLean
methanogen populations indicates the presence of about ten "species" in three different
methanogenic orders. Attempts to enrich methanogens with hydrogen and habitat-simulating
media failed, and adding hydrogen directly to sediments led to accumulation of inhibitory levels
of acetic acid. In contrast, methanogens were readily enriched from Michigan Hollow sediments.
Direct microscopic counts using DAPI of cells from McLean Bog were near 1E9/g wet weight,
and those from Michigan Hollow were near 3E9/g. In preliminary FISH studies, 30-40% of total
probe-stained cells stained with an archaeal probe. In cultural studies, we have isolated three
novel fermentative mildly acidophilic (pH optima 5-6) heterotrophs using habitat-simulating
medium buffered at pH 4.5. These organisms have 16S rDNA sequences not closely matching
those in the database and are: 1) a rod in the alphaproteobacteria most closely related to a spruce
soil "Yersinia" (96% 16S rDNA identity); 2) a spiral in the betaproteobacteria related to
Chromobacterium (94% identity); 3) a short rod in the Bacteroidales most closely related to
environmental clone vadinHA54 (92% identical). The latter organism was obtained from a E-5
dilution, and is the most novel of the isolates.
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Viruses from Yellowstone Thermalacidic Environments

Mark Young, Dept. of Plant Sciences and Plant Pathology, Montana State University
David Mogk, Dept. Earth Sciences, Montana State University
Kenneth Stedman, Dept. of Biology, Portland State University
Frank Roberto, Idaho National Engineering and Environmental Laboratories

Objectives:  The objectives of this research are the discovery, genetic analysis and use of viruses as
biosensors to monitor change in high temperature acidic environments (above 75oC) present in
Yellowstone National Park (YNP). To our knowledge, this is the first attempt to monitor an
extreme environment using viruses as biosensors. We have recently discovered several unique viruses
from YNP high temperature acidic environments. Ultimately, the isolation, identification and
genetic characterization of new viruses from high temperature acidic environments will provide
insight into the unique biochemical adaptations required for life in these extreme environments. The
specific aims of this proposal are:

• The discovery of unknown viruses from YNP high temperature acidic environments and their
genetic analysis.

• Quantitative monitoring of virus population dynamics to determine whether viruses can be
used as sensitive biosensors for changes in these environments.

Two hypotheses to be tested are:
• An understanding of the diversity of viruses present in high temperature acidic environments

will provide new insights into how these microbial communities operate.
• Viral dynamics can be used as a sensitive measure of changes in high temperature acidic

environments.
The proposed research is directly aligned wit the goals of the Microbial Observatory (MO)

program: the discovery of as yet undescribed viruses and their genetic characterization. Our research
plan to explore high temperature acidic sites is supported by our preliminary data that demonstrates
that we are developing methods to sample, quantify, monitor, culture and experimentally manipulate
the hosts and novel viruses that replicate in these environments. In addition, the use of these viruses
as sensitive biosensors of the environment adds an additional dimension to understanding how time
and changes in the environment alter virus populations.

Rationale and Significance:  Analysis of viruses from a particular biological environment has
often led to a fundamental understanding of the functioning of that environment. Key aspects of
eukaryotic and prokaryotic biochemistry, including gene structure, expression, and regulation and
gene transfer between organisms, were first discovered by the analysis of viruses that replicate within
a particular biological environment. We are proposing to isolate and analyze viruses from a biological
environment that is both very poorly understood and likely to be occupied by very different types of
organisms. Of the three domains of life ((Eukarya, Bacteria, and Archaea), the Archaea is the least
understood and yet well represented within high temperature acidic environments. Archaeal species
likely predominate in both total mass and diversity in hyperthormophilic acidic environments
(>80oC, pH<4.0) Presently we have only a rudimentary understanding of these organisms and how
they function in their environment; therefore, the discovery and analysis of viruses from high
temperature acidic environments is an important step in understanding how these unusual microbial
communities operate.

Viruses are likely to be key players in microbial ecology. However, they are seldom utilized to
understand microbial dynamics. We suspect that viruses can serve as highly sensitive biosensors for
changes in the environment in which they replicate since viruses have exceptionally high rates of
replication, coupled with high rates of mutation that allow them to rapidly adapt to changes in their
environment. Monitoring changes in viral populations is one possible method for tracking the
leading edge of natural selection in a microbial community.
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VII. Contact Information for Microbial Observatories Program Directors

Dr. Matt Kane Dr. Gary Toranzo     Dr. Ron Weiner
mkane@nsf.gov   gtoranzo@nsf.gov    rweiner@nsf.gov

National Science Foundation
4201 Wilson Blvd., Room 655

Arlington, VA 22230
703-292-8440

703-292-9061 FAX

When should you contact your Program Director?

1. To submit your Annual Progress Report
2. If there is a change in the status of the PI, Co-PI or senior personnel.  For example, if a PI or

Co-PI comes to NSF as a Program Director, they will need to appoint a substitute PI to
oversee their project during this time.  You will need to let us know if the PI is absent from
his or her institution for more than three consecutive months during the project.  You should
also contact us if the PI or any of the co-PIs or key personnel receiving salary from the grant
plan to move to a different institution.

3. If there is a change in subaward.  For example, if a Co-PI moves, their funding will need to
move and may result in termination of one subaward and initiation of another. If you decide
to add senior personnel and initiate a subaward or subcontract, you should also contact us.   

4. If there is a significant change in project scope.
5. If there is a significant change in budget.
6. Before signing any agreement with a company that could affect your NSF-funded research.
7. If you file an invention disclosure or file a patent on outcomes from your funded project (see

NSF Grant Policy Manual 931.3.C).
8. Before requesting a supplement (see below) or a no-cost extension.
9. If you have good news or bad news.
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VIII. Support from Office of International Science and Engineering (INT):

Support of international cooperation in science and engineering is an integral part of NSF's
mission. The Office of International Science and Engineering (INT) promotes and coordinates
international cooperation by supporting new partnerships between U.S. scientists and engineers
and their foreign colleagues, or new cooperative projects between established collaborators.
Activities can be in any field of science and engineering research and education supported by
NSF. Participation of students, recent Ph.D.'s, junior faculty members, women, and minority and
disabled scientists and engineers is an INT priority.

INT support for international research and education collaborations can be requested using
three methods:

• Current NSF grantees may request a SUPPLEMENT TO THEIR EXISTING GRANT
to add an international dimension. There are no INT deadlines for submitting such
supplement requests.

• Include international collaboration as part of a NEW PROPOSAL TO NON-INT
PROGRAMS. Principal investigators should coordinate with both the relevant
disciplinary and INT program managers before submitting a proposal.

• Submit a proposal DIRECTLY TO INT for support of international travel and
subsistence, and other items to enable international collaboration

For more information, please visit the INT website at www.nsf.gov/sbe/int/



82

IX. Types of Supplements Available to Plant Genome Projects

Make sure you are aware of several special opportunities for supplementing your NSF grant.  A
description of opportunities for supplemental funding is included. Please note that all
supplements are contingent upon availability of funds.  The Federal fiscal year is October 1-
September 30.  Requests for a particular fiscal year’s funds should be submitted directly to the
Program by April 1.  It may not be possible to honor requests received later in the fiscal year.

OPPORTUNITIES FOR SUPPLEMENTAL FUNDING OF NSF AWARDS
The brochures cited can be accessed on the World Wide Web at http://www.nsf.gov.
All supplement requests must be submitted through the FastLane System

Research Experiences for Undergraduates (REU) – The purpose of these supplemental
awards is to enable undergraduate students to participate in NSF-supported research.  They
provide stipends for the students and possibly modest supplies for the undergraduate project.
The student must be a US citizen or permanent resident, and may not receive REU support
during the summer after graduating.  Your REU request should be specific with regard to the
student’s qualifications and role in the research project.  The request should be accompanied by a
budget page (NSF Form 1030).  REU supplements in the Division of Molecular and Cellular
Biosciences are generally in the range of $4,000 to $5,000 per student including an administrative
allowance which is restricted to a maximum of 25% of the student stipend.  The request must be
submitted through the FastLane system.  The Authorized Organizational Representative (AOR)
must electronically sign the proposal Cover Sheet to submit the required proposal certifications.
We particularly encourage participation by students from groups under-represented in US
science.

Research Experience for Undergraduates (REU) (NSF 01-121.) http://www.nsf.gov/cgi-
bin/getpub?nsf01121

Research Experiences for Teachers (RET) – The purposes of these supplemental awards is to
facilitate professional development of K-12 science teachers through research experience at the
cutting edge of science.  The Directorate for Biological Sciences is particularly interested in
encouraging its researchers to build mutually rewarding partnerships with teachers at inner city
schools and less well endowed school districts.  The procedure for submitting an application for a
RET –supplement is the same as for a REU Supplement (see above). The RET supplement
request should include a brief biographical sketch of the teacher.  The duration of the RET-
supplement will generally be one year and the project may be carried out during summer months,
the academic year or both.  The budget includes a stipend and up to $1,000 for the cost of
materials, equipment, software and other supplies for developing classroom instructions and
experiments.  An administrative allowance  (limited to 25% of the teacher’s stipend only) is
allowed in lieu of indirect costs.  The total cost of the supplement is limited to $10,000 per
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teacher.  Participation of teachers who are members of underrepresented groups (minorities and
persons with disabilities) is strongly encouraged.

Research Experience for Teachers (RET) (NSF 02-090.)  http://www.nsf.gov/cgi-
bin/getpub?nsf02090
 
Research Opportunity Awards (ROA) – The purpose of these supplemental awards is to
enable undergraduate college faculty or middle school or high school teachers to participate in
NSF-supported research projects.  They can provide summer salary, per diem, and travel funds.
Your application should include a brief description of the project in which the visitor would
participate and how it fits into your overall research program.  It should be accompanied by the
curriculum vitae for the visiting scientist, a letter from the proposed visitor expressing interest in
the project and how the experience would influence the future educational environment at his/her
home institution.  These awards are usually no more than $15,000, including indirect costs.   The
request must be submitted through the FastLane system.

Research in Undergraduate Institutions, Research Opportunity Awards NSF 00-144, or Guide to
Programs , NSF 02-03, page 80.)  http://www.nsf.gov/cgi-bin/getpub?nsf00144

Research Assistantships for Minority High School Students – These supplemental awards
are to encourage talented high school students who are members of minority groups traditionally
under-represented in US science to participate in NSF-supported research projects.  The stipend
for a full time summer student must be at least $1,000; an administrative allowance of up to 25%
of the student stipend is also allowed.  Please be specific in your request about the student’s
minority status, qualifications, and nature of participation in the research.   The request must be
submitted through the FastLane system. (Guide to Programs, NSF 02-03, p.81.)

Informal Science Education Supplements – These supplemental awards are to promote
dissemination of the results of NSF-supported research to the general public in an out-of-school
setting, including media presentations, exhibits, or youth-directed activities.  Requests for
supplements of up to $50,000 (including indirect costs) will be considered by the Directorate for
Education and Human Resources.

Informal Science Education– Supplements to Active Research Awards NSF97-70
http://www.nsf.gov/cgi-bin/getpub?nsf9770

Other supplement opportunities – The Program will consider requests for supplements  for
various unanticipated needs on a case-by -case basis.  For example, as part of the NSF’s
continuing effort to encourage participation in science by  members of groups under-represented
in US science, we will entertain requests for supplements to support minority graduate students
and post-doctoral trainees.  Other examples include emergency repair or replacement of
equipment, etc.  Please call the Program for additional information.
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X. Annual Reporting Requirements for Microbial Observatories Projects

Even though the NSF award provides full funding for the entire duration of the project, ALL
projects are expected to submit an annual report each year. Topics that should be included in an
annual report are:

§ Significant and interesting results
§ Partnerships and collaborations
§ Diversity Issues
§ Management Issues
§ Data, Information and Material Release

A final progress report must be received by the program no later than 90 days after the
termination date of the award.


