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Letter from the Director

This year, and this meeting, are both marks in the series
of transitions that characterize the plasticity and
maturation of the Institute. As we conclude the final
award year of the original participating Lead Teams, we
simultaneously welcome our third Director, Dr. Bruce
Runnegar, as we meet together, hosted by Arizona State
University. Just before our last meeting, we added four
new Lead Teams to our membership. Since then, we’ve
been joined by two additional international Affiliates,
the Groupe de Recherche en Exobiologie and the
European Exo/Astrobiology Network Association. This
year marks the largest, most comprehensive, gathering
of the NAI’s community.

Over the past five years, the research accomplishments of the Institute’s science teams
have been interwoven with the linking efforts of our collaborative technologies and
outreach activities. In this General Meeting, the Program Organizing Committee has
mirrored our science content and our cooperative aspirations to create an agenda
reflective of our priorities and interests. We gather to reinforce our personal interactions,
our friendships, and to learn the latest from our colleagues —those familiar to us and
those we will come to know over the next few days. There are opportunities to
participate in the growth of NAI’s initiatives in Focus Groups and other topical areas, and
to contribute to the future strategy of the Institute’s development through a Town Hall
Meeting discussion.

This biennial event provides an important counterweight in the delicate balancing act
between our structure as a distributed, virtual Institute and our nature as a community.

As I bridge the transition between Directors, a delicate balancing act in itself, I appreciate
the generous support I’ve received from all the Institute’s members. Many of you have
become friends, and I know that many more will.

Welcome to your meeting. Your contributions, as individuals and as living links in a
wider community, have created and defined the character of the NAIL

Jt ST A

Rosalind A. Grymes
Director (Acting)
NASA Astrobiology Institute
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NAI International Partners

NAI has initiated a program of partnership with other international astrobiology
organizations to provide collaborative opportunities for its researchers with the global
science community. Foreign astrobiology organizations can propose to become either
Associate or Affiliate Members of the NAI. Associate Membership entails a formal
agreement between NASA and the foreign government. International requests which do
not elect to pursue formal agreements are considered Affiliate Members.

Associate Members:

Centro de Astrobiologia (CAB) (Director: Juan Perez-Mercader)
http://www.cab.inta.es/page/home_cab_e.htm

The CAB was the first astrobiology center outside the USA to be associated with the
NAL It’s membership in the NAI was formalized in the year 2000. Application of the
scientific method to astrobiology requires the combination of theory, simulation,
observation, and experiment. This application is the most important goal for the Centro
de Astrobiologia (CAB). The multidisciplinary setting provided by CAB allows
engineers to interact with experimental, theoretical, and observational scientists from
various fields: astronomy, fluid dynamics, geology, biogeochemistry, biology, genetics,
remote sensing, bio-informatics, ecology, computer science, physics, robotics, and

communications engineering. CAB research relates to the systematization of the chain of
events that took place between the Big Bang, the self organization of interstellar gas, and

the origin and evolution of life.

Australian Centre for Astrobiology (ACA) (Lead: Malcolm Walter)
http://aca.mq.edu.au

The Australian Centre for Astrobiology became an Affiliate Member of the NASA
Astrobiology Institute in January 2001 and became an Associate Member in November
2002. It 1s located at Macquarie University in Sydney, Australia.

The Australian Centre for Astrobiology is building its membership, with increasing
involvement in astrobiology research and education. Its members include university

faculty and research scientists.

Subject disciplines of its members include: Microbiology, geochemistry, and planetary
science.

International Partners
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Their research areas include: Origins of life on Earth, the search for life elsewhere,
geochemistry and life (e.g., biogenic/nonbiogenic origin of proterozoic iron
accumulations on Earth), and extreme environments for microorganisms.

Affiliate Members:

United Kingdom Astrobiology Network (UKAF) (Chair: Charles Cockell)
http://astrobiology.rl.ac.uk/

The UK Astrobiology Forum (UKAF) is a committee of the British National Space
Centre, established as a central group to encourage and promote the science of

astrobiology within the UK. Members of this group are astrobiology researchers. The
UKAF became an Affiliate Member of the NAI in October 2000.

The UK Astrobiology Network (the second component of this combination) is an
informal network of astrobiologists in various fields to promote communication among
those involved in the science of astrobiology in the UK.

Astrobiology itself is a very active and rapidly growing field. Astrobiology-related
research in the UK is developing rapidly, with several groups explicitly doing research in
astrobiology.

Groupe de Recherche en Exobiologie (GdRenE) (Chair, Scientific Council GDR
Exobiologie: Francois Raulin)
http://www_.lisa.univ-paris12.fr/GDRexobio/exobio.html

The Groupe de Recherche en Exobiologie (GdRenE), created by the Centre National de
la Recherche Scientifique (CNRS) in 1999, is a French federation of research laboratories
working in Exo/Astrobiology. It is currently supported by CNRS, and CNES, the French
Space Agency. It is composed of about 50 laboratories and includes a Scientific Council
with 16 scientists from different fields of research.

Five main research topics are emphasized:

1) Terrestrial life as a reference (the primitive Earth environment; the first terrestrial
living systems)

2) The origins of life on Earth (sources of organics on the primitive Earth; prebiotic
chemistry; RNA world and other models of life)

3) Exobiology in the Solar System and the interstellar medium (search for life on Mars,
on Europa, prebiotic chemistry on Titan, comets, meteorites and micro-meteorites; the

chemistry of the interstellar medium traced back to the protostellar nebula)

4) Life in the universe (planetary diversity; criteria of habitability; spectral signatures of
life)

Focus Groups  xii
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5) The epistemological aspects of astrobiology are also included in these topics

The main goals of the GdRE are to promote Exo/Astrobiology in France, as well as at the
international level, by helping and coordinating scientific research programs in selected
domains of this field, optimizing the existing collaborations and inducing new ones.

European Exo/Astrobiology Network Association (EANA) (President: André Brack)
http://www.graz-astrobiology.oeaw.ac.at/eana.html

The European Exo/Astrobiology Network Association (EANA) was established as an
Affiliate Member of the NASA Astrobiology Institute in early 2002, with the signature of
formal affiliation taking place in Graz, Austria on September 19th at the Second
European Workshop of Exo/Astrobiology. EANA itself was created in 2001 to co-
ordinate the different European centers of excellence in exo/astrobiology, and the related
fields previously organized in paleontology, geology, atmospheric physics, planetary
physics and stellar physics.

EANA is administered by an Executive Council consisting of national members
representing 12 European nations active in the field: Austria, Belgium, Denmark, France,
Germany, Italy, Portugal, Spain, Sweden, Switzerland, The Netherlands, and The United
Kingdom

International Partners xiii
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How to Propose an International Partnership

» International proposals to the NAI are requested to outline:

the organizational nature of the entity (i.e. government agency, private,
non-profit, etc.)

the themes of the scientific work being undertaken/proposed and potential
synergy with NAI objectives

the specific areas where near-term exchanges/partnerships will be
productive and areas for long-term cultivation of interactions

» An NAI Partnerships Committee is internally appointed to comment on
submissions

» The Director requests the Partnerships Committee to comment on:

the relevance of the scientific work being undertaken to the Astrobiology
Roadmap and its synergy with the NAI

the nature of funding/endorsement from sponsor(s)

the specific areas where near-term exchanges/partnerships will be
productive, and areas for long-term cultivation of interactions

any other issues which the reviewers may deem relevant

Depending on the nature and/or preference of the proposers, an international submission
may lead to a formal agreement between NASA and the foreign entity’s host government.
There are two such international agreements as Associate Members. International
requests which do not elect to pursue formal agreements are considered Affiliate
Members of the NAIL

Inquiries should be directed to:

Rosalind A. Grymes, Ph.D.

Deputy Director, NASA Astrobiology Institute
MS 240-1, NASA Ames Research Center
Moffett Field, CA 94035
Rosalind.A.Grymes@nasa.gov

Focus Groups
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NAI Focus Groups

The purpose of the NAI Focus Group initiative is to mobilize expertise from across the Institute and the
wider scientific community towards the rapid advancement of a defined area of research, mission planning,
or other activity of particular importance to astrobiology. Although significant representation by members
of the NAI is expected, both the general membership and the position of Chair are open to individuals not
associated with the Institute.

Mars Focus Group
Chair: Jack Farmer, Arizona State University jfarmer@asu.edu
The Mars Focus Group was chartered to provide a forum within the NAI for discussing the scientific goals,
objectives and measurement requirements for ongoing and future Mars missions involved with the
exploration for past or present Martian life, and/or pre-biotic chemistry. The products of this focus group
are basic science recommendations and advice on implementation of astrobiology missions provided to
mission planning groups.

Ecogenomics Focus Group
Co-Chairs: Mitch Sogin, Marine Biological Laboratory sogin@mbl.edu
David Des Marais, NASA Ames Research Center ddesmarais@mail.arc.nasa.gov
The over-arching objective of the EcoGenomics Focus Group is to define the relationship between
microbial diversity, complex gene expression patterns, and biogeochemical processes that shape planetary
environments. Using the hyper-saline cyanobacterial mats of Guerrero Negro, Baja California, Mexico as a
field site, this inter-team effort is characterizing biogeochemical patterns in the microbial mats with special
emphasis on gradient location and shape.

Mission to Early Earth Focus Group
Co-Chairs: Ariel Anbar, University of Rochester anbar@earth.rochester.edu
Stephen Mojzsis, University of Colorado stephen.mojzsis@colorado.edu
The rational search for life beyond Earth requires some concept of the conditions under which life
originates and begins to evolve, and of the environmental "fingerprints" of primitive biospheres. This
concept must be informed by a solid understanding of the only planet on which life is known to exist- the
Earth. Hence, study of life and the environment on the early Earth is a critical component in developing
mission plans for astrobiology space missions. This is the underlying rationale of the Mission to Early
Earth Focus Group.

Evogenomics Focus Group

Co-Chairs: S. Blair Hedges, Pennsylvania State University sbhl @psu.edu

James A. Lake, University of California, Los Angeles lake@mbi.ucla.edu
The purpose of the EvoGenomics Focus Group is to coordinate, combine, and enhance research efforts
involving evolutionary genomics across the multiple disciplines and institutions represented in the
astrobiology community. Evolutionary analysis of the complete genomes of organisms has greatly
advanced our understanding of how life originated, adapted to diverse environments, and increased in
complexity on this planet, and in turn, these studies will lead to a better understanding of life elsewhere in
the Universe.

Europa Focus Group
Chair: Ronald Greeley, Arizona State University greeley @dione.la.asu.edu
The objective of the Europa Focus Group is to foster scientific studies and joint investigations of Europa
and related research in order to understand the exobiological potential of this satellite of Jupiter. This goal
is to be met through various video conferences, workshops, and information exchanges sponsored by the
NALI The study of Europa requires a multidisciplinary approach using spacecraft data analyses, laboratory

Postdoctoral Fellowships xv
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simulations, terrestrial analog studies, and other techniques to understand the complex history and present
environments on and in Europa.

Astromaterials Focus Group
Chair: David McKay, NASA Johnson Space Center david.s.mckayl@jsc.nasa.gov
Astromaterials include lunar samples, meteorites, interplanetary dust particles, and any sample returned to
Earth by a space mission. The objective of the Astromaterials Focus Group is to coordinate and facilitate
astrobiological investigations of Mars meteorites, terrestrial analogs of potential Mars samples, and sample
acquisition and collection technology and procedures; and in general to advance the development of
instruments and techniques for examining all astromaterials for evidence of past or present Life.

Titan Focus Group

Chair: Jonathan Lunine, University of Arizona jlunine@Ipl.arizona.edu
Titan is of interest from the perspective of astrobiology because it is known to generate suites of
hydrocarbons and nitriles in its stratosphere, which then fall to the surface and are protected from damaging
particle and UV radiation by a thick atmosphere. Further chemistry, including that in the presence of
transient and localized areas of liquid water, may proceed on the surface in staccato fashion over geologic
time. Titan, therefore, provides us with a planet-sized laboratory for testing the synthesis of organic
compounds in a nearly neutral redox environment, over large spatial scales, both with and without liquid
water. An initial high-priority objective of the Titan Focus Group is to ensure the conceptualization and
initial study of appropriate techniques for advanced organic analysis on Titan, after the Cassini-Huygens
mission.

Virus Focus Group
Co-Chairs: Baruch Blumberg, NASA Astrobiology Institute bblumberg@mail.arc.nasa.gov
David Smith, University of Rhode Island dcsmith@gso.uri.edu
The Virus Focus Group (VFG) has been initiated to bring together researchers from different disciplines
and perspectives to advance the study of viruses from an astrobiological perspective. Topics of interest to
be addressed by the VFG include; the origin and evolution of viruses, viruses in extreme environments,
virus detection methods, preservation and fossilization of viruses, survival of viruses outside of their hosts,
the role of viruses in gene transfer, and viruses as self-assembling molecules. This new NAI Focus Group
begins with a roster of 40 potential members whose research interests span the breadth of astrobiology. The
VEG is expecting to develop and integrate new approaches and technologies towards the study of viruses
and astrobiology.

Biological Consequences of Impacts Focus Group
Co-Chairs: Peter Ward, University of Washington argo@u.washington.edu
Frank Kyte, University of California, Los Angeles kyte@igpp.ucla.edu
The Impacts Focus Group (IFG) has been established to examine how impacts of asteroids, comets, and
other materials have influenced the origin, evolution, and extinction of life on Earth. A major goal of the
Impacts Focus Group is to accumulate samples from a wide variety of temporal and geographical research
locales, and then to coordinate the geochemical and paleontological analysis of these samples. Impacts, as
a geological process, have affected landscapes of every rocky or icy planet in the solar system. If life does
or ever existed on extraterrestrial bodies of astrobiological interest such as Mars or Europa, then impacts
have likely affected the biota on these bodies as well.

Focus Groups  xvi
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POSTDOCTORAL i
FELLOWSHIPS o
in the et
NASA ASTROBIOLOGY
INSTITUTE

The NASA Astrobiology Institute (NAI) has established a program to support a highly select group of
Institute-wide postdoctoral fellows. These fellows have a home research base at one of the NAI member
institutions, but are encouraged to interact across the entire Institute. They have an opportunity to help
define the interdisciplinary field of astrobiology.

The NASA Astrobiology Institute postdoctoral appointments are made on behalf of NASA by the National
Research Council (NASA/NRC) Research Associateship program. The NRC is a part of the National
Academy of Sciences and the National Academy of Engineering.

The selected awardees are outstanding researchers from all scientific disciplines that contribute to the
astrobiology research program. Each applicant is required to indicate in their application one of the
approved participating institutions as the primary research base and host institution, as well as the
prospective Research Adviser (mentor).

It is expected that applicants propose a significant and innovative research topic of their own choosing.
However, consultation with the prospective mentor and host institution is required.

There are two review cycles per year, with application deadlines of February 1 and
August 1.

The 15 Lead Member Institutions of the NAI are:

Ames Research Center, Moffett Field, CA

P.I.: Dr. David Des Marais, ddesmarais @mail.arc.nasa.gov

Chemical building blocks of life; Habitable planets; Protocellular processes; Early microbial ecosystems;
Rapid rates of ecological change; Cold-adapted cyanobacteria and potential for life on Mars

Arizona State University, Tempe, AZ

P.1.: Dr. Jack Farmer, jfarmer @asu.edu

Origins, Evolution and Distribution of Life in the Solar System; Prebiotic chemistry of meteorites; Role of
planetary hydrothermal systems; Role of photosynthesis; Fossil record of early microbial life; Exploration
for life on Mars and Europa

Carnegie Institution of Washington, Washington, DC

P.1.: Dr. Sean C. Solomon, scs@dtm.ciw.edu

The physical, chemical, and biological evolution of hydrothermal systems, including vent complexes
associated with ocean ridges , deep aquifers, and other subsurface aqueous environments both on Earth and
on other Solar System and extrasolar bodies

Postdoctoral Fellowships  xvii
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Harvard University, Cambridge, MA

P.1.: Dr. Andrew Knoll, aknoll@oeb.harvard.edu

Planetary context of biological evolution: A Combined effort in microbiology, paleontology, stratigraphy,
geology and geochemistry to understand the coevolution of life and environments in Earth history

Jet Propulsion Laboratory 1, Pasadena, CA

P.1.: Dr. Kenneth Nealson, kenneth.h.nealson@jpl.nasa.gov

Coevolution of Planets and Biospheres; Lessons from Earth and Mars; Definition and development of
biosignatures; Life in extreme environments on Earth; Study of Mars as a habitat for life

Jet Propulsion Laboratory 2, Pasadena, CA

P.1.: Dr. Victoria Meadows, Victoria.S.Meadows@jpl.nasa.gov

Understanding the plausible range of atmospheric and surface compositions for terrestrial planets;
recognizing the presence of life on extrasolar terrestrial planets by identifying signatures of life in their
spectra

Johnson Space Center, Houston, TX

P.1.: Dr. David McKay, david.mckay@jsc.nasa.gov

Institute for the Study of Biomarkers; Evidence of past biologic activity in terrestrial and planetary
samples; Biomarkers in biominerals; Fractionation; Morphologic features and specific organic molecules

Marine Biological Laboratory, Woods Hole, MA

P.1.: Dr. Mitchell L. Sogin, sogin@mbl.edu

Environmental Genomes and the Evolution of Complex Systems in Simple Organisms: Eukaryote origins;
Thermophillic prokaryotes; Protein and genome evolution

Michigan State University, East Lansing, MI

P.1.: Dr. Michael Thomashow, thomash6 @msu.edu

Genome expression under conditions of low temperature and dehydration; the identification of genes
adaptive to such conditions; the development of possible molecular “signatures” for the presence of life in
cold environments, on Earth as well as on other bodies such as Mars and Europa

The Pennsylvania State University, University Park, PA

P.1.: Dr. Hiroshi Ohmoto, ohmoto@geosc.psu.edu

Environment of prebiotic Earth and origin of life; Biochemistry of Archea-roles of metals in the origin and
evolution of life; Timescale for the early evolution of life on Earth; Evolution of atmospheric oxygen,
climate and terrestrial biosphere; Diversification and extinction of metazoans

The Scripps Research Institute, La Jolla, CA

P.1.: Dr. M. Reza Ghadiri, ghadiri@scripps.edu

Self-Reproducing Molecular systems and Darwinian Chemistry: Single biopolymer and protein-based
origins of life; Self-sustained nucleic acid replicators in RNA world; Properties necessary for molecular
self-replication

University of California, Los Angeles, CA

P.1.: Dr. Bruce Runnegar, runnegar @ucla.edu

Extrasolar planetary systems; Early Earth and Mars; Earth’s earliest life; Genomics and the tree of life;
Celestial connections; Solar system exploration

Postdoctoral Fellowships xviii



NAI General Meeting 2003

University of Colorado, Boulder, CO

P.1.: Dr. Bruce Jakosky, jakosky@argyre.colorado.edu

Formation of stars and planets; Habitability of planets; Origin of life and the RNA world; RNA chemistry
and the history of life on Earth; Evolution of life on Earth

University of Rhode Island, Narragansett, RI

P.1.: Dr. Steven D’Hondt, dhondt@gso.uri.edu

The subsurface microbial ecosystems of marine sediments, their role in Earth’s biogeochemical cycles, and
their relevance to the search for life on other planets

University of Washington, Seattle, WA

P.1.: Dr. Peter Ward, argo@u.washington.edu

The characteristics of planets that can evolve complex organisms, the distribution of such planets in the
universe, how biological complexity might evolve on such planets, and how it might end

The following NAI Teams are currently hosting NAI/NRC Postdoctoral Fellows; Arizona State University,
Carnegie Institution of Washington, Harvard University, Marine Biological Laboratory, NASA Ames
Research Center, NASA Johnson Space Center, Scripps Research Institute, University of California - Los
Angeles, University of Colorado - Boulder, University of Washington.

For program information see http://www.national-academies.org/rap or contact:

Dr. Robert Manka, Associate Director or Dr. Edward Goolish, Sponsored Programs
Ms. Sally Lytch, Program Coordinator NASA Astrobiology Institute

National Research Council MS 240-1

Associateship Programs (TJ2114/NAI) NASA Ames Research Center

2101 Constitution Ave NW Moffett Field, CA 94035-1000

Washington, DC 20418

E-mail: egoolish@mail.arc.nasa.gov
E-mail:  astrobio@nas.edu Internet:  http://nai.arc.nasa.gov
Internet:  http://national-academies.org/rap Tel: (650) 604-1961

Tel: (202) 334-2760

Qualified applicants will be reviewed without regard to race,
creed, color, age, sex or national origin.

Postdoctoral Fellowships  xix
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NAI Minority Institution Program

The NASA Astrobiology Institute (NAI) Minority Institution Involvement Program (MIIP)
launched in Summer 2002 with the introduction of a Minority Institution faculty sabbatical. The
sabbatical provides opportunities for Minority Institution faculty researchers to collaborate with
NAI Lead Team researchers. The sabbatical is for a period of 8 weeks and it includes the
following:

= A stipend of $1K per week sent directly to the selected applicant

= Travel reimbursement for one round trip travel fare to the host site

= Paid registration and travel reimbursement (within 1 year of the sabbatical completion)
for the faculty member and up to 2 of the faculty member’s students to attend the NAI
General Meeting or the NASA Astrobiology Science Conference

= Up to $3K for institutional fees, lab and office set-up for the faculty participant

The program is viewed in three phases. The implementation of the sabbatical is phase one of the
program. The second phase is the feedback/information from the participating host site PI’s and
faculty participants. The third phase is the attendance and participation of the MI faculty and
students at either the NAI General Meeting or NASA Astrobiology Science Conference.

The first NAI Minority Institution faculty sabbatical participants were:

Dr. Todd Gary Dr. M. F. Mahmood
Tennessee State University Howard University

Host: University of California, Los Angeles Host: Carnegie Institution of
Washington

PI: Jim Lake PI: Andrew Steele

In October of 2002, a third sabbatical participant was selected:

Dr. Lekan Latinwo

Florida A&M University
Host: Michigan State University
PI: Michael Thomashow

The program is developing with further outreach into the MI community planned for Year 5 and
an internal review to ensure the program is continuing on a beneficial collaborative path for both
the NAI and the MI communities.

Inquires should be directed to:

Karen Bradford

Minority Institutions, NASA Astrobiology Institute
MS240-1, NASA Ames Research Center

Moffett Field, CA 94035 650-604-0809
Karen.C.Bradford @nasa.gov

Minority Institutions Program  xx
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Virtual Institute: Resources and Opportunities

The NAI is envisioned as a virtual institute that provides meeting venues and information
tools and technologies to support exchange and collaboration among a geographically
distributed community. To further this vision during the past year, the Collaborative
Research Support Group at NAI Central has instituted two video seminar series and has
made WebEX, a real-time meeting tool, available for use by NAI members.

» NAI VIDEO SEMINAR SERIES
= Director’s Science Seminar Series - 3" Monday of the month at 11:00 PST -
presentations by senior scientists

= Astrobiology Research Video Forum — 1* Monday of the month, times vary -
presentations by graduate students and Post Doctoral Fellows

These seminars are broadcast to the NAI videoconferencing rooms at lead institutional
sites and are also webcast live to any interested viewer. Presentations are followed by Q
& A sessions accessible to all participants, either though the videoconference rooms or a
moderated chat room. Seminars are also archived for later viewing. Information on all
seminars and on connection instructions is available at :
<http://nai.arc.nasa.gov/seminars>

» NAI COLLABORATIVE TOOLS

=  WebEx — Web-based browser-accessible real-time meeting tool enabling
application and file sharing, whiteboard with drawing tools, chat, polling
during meetings, passing of presentation functions from one participant to
another, and viewing of presenter’s live video image. Based on NAI member
input, WebEx was selected for piloting and is available for use by any
interested NAI member. More information can be found at:
<http://nai.arc.nasa.gov/institute/member_services>

Your feedback, your recommendations for future virtual institute developments and your
specific requests for support in setting up virtual collaborations with your colleagues are
welcomed.

For further information please contact
Dr. Lisa Faithorn,
NAI Manager of Collaborative Research

650-604-6505
Ifaithorn @mail.arc.nasa.gov
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The Gerald A. Soffen Award

The Best Student Poster Presentation at each NASA Astrobiology Institute General
Meeting is selected to receive the Gerald A. Soffen Award. The purpose of the Gerald
Soffen Award is to provide encouragement, motivation, and recognition to our most
outstanding future astrobiologists. There will be a single award of $1,000. The winner
will be announced at the meeting.

» Eligibility Requirements

The award is intended primarily for students at the graduate level
However, individuals at the undergraduate level are also eligible to
compete

The student must be enrolled in a degree program at the time of abstract
submission

Postdoctoral students are not eligible

Eligibility is open to both U.S. citizens and non-U.S. citizens

Students must register for the competition at the time of abstract
submission.

» Abstract Requirements

Only one abstract per student will be considered for the award

The student must be the senior author of the abstract, the major contributor
to the material presented, and the person presenting the poster

The majority of the material should not have been previously presented at
another meeting

> The Criteria for Selection are

Originality of the research

Quality of the execution

Impact to the field

Organization and clarity of presentation
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Abstract # 13090 - Astrobiology and the Emergence of Life on Earth

Antonio Lazcano
Facultad de Ciencias, UNAM
Apdo. Postal 70-407
Cd. Universitaria, 04510 Mexico D.F.
MEXICO
alar@correo.unam.mx

Long before the idea of spontaneous generation was incorporated into evolutionary
theory at the turn of the 19th century by Lamarck, the possibility that other planets were
inhabited had been discussed, sometimes in considerable detail, by scientists and
philosophers alike. More often than not, these were speculations that rested on the idea of
a uniform Universe, but with little or no empirical basis. Thanks to the development of
the new field of astrobiology, our approaches to the issue of life in the Universe have
changed dramatically and are studied within a multidisciplinary framework. In the
astrobiology framework, neither the formation of stars and planets or the origin of life is
seen as the result of miracles or inscrutable random events, but rather as natural outcomes
of evolutionary events. The interconnection between these two processes is evident:
understanding the formation of planets has major implications for our understanding of
the early terrestrial environment, and therefore for the origin of living systems.

Although the recognition of the oldest traces of life on Earth is a contentious issue, it is
generally agreed that life emerged very rapidly and quickly took hold. Unfortunately, it is
unlikely that data on how the first living systems appeared will be provided by the
geological record. There is no direct evidence of the environmental conditions on the
Earth at the time of the origin of life, nor any fossil register of the evolutionary processes
that precede the appearance of the first cells. This has led to a wide variety of theories,
but it will be argued that astronomical evidence, laboratory simulations and other types
of evidence strongly support the idea of a heterotrophic origin of life from a primordial
soup formed by organic compounds of both endogenous and extraterrestrial origin.
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Abstract # 13092 - Our Evolutionary Journey:
From Darkest Africa into Darkest Space

Donald C. Johanson

Institute of Human Origins
Arizona State University
Tempe, AZ 85287-4101

Human beings seem to be inordinately captivated by their origins and their destiny. We
are the only known species in the universe to have the curiosity and ability to discover
and evaluate the evidence for our evolutionary origins. The most ancient evidence for
humans comes from Africa and subsequently all important landmarks that define us as a
unique species are first recorded in African strata. The origin of all humankind lies in
Africa--we are united by this past--the evidence is overwhelming.

Where we go as a species is best left in the hands of those who ponder the future, but how
interesting that two watershed events in human history are recorded in footprints. The
3.6 million-year-old footprints left in Africa's Great Rift Valley symbolize the moment
when our ancestors first stood up and initiated the human career. The other, floating high
above the Great Rift Valley are the lunar footprints that testify to the success of the first
species to leave planet Earth, and symbolize the rise of modern technology and forecast
the future of the species.
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Abstract # 13091 - Life Beyond the Solar System:
If, Where, When, and How?

Alan Dressler
The Carnegie Institution of Washington
Carnegie Observatories
813 Santa Barbara Street, Pasadena, CA 91101-1292
USA
dressler@ociw.edu

The Origins Theme of NASA Space Science is building an ambitious program to
find solar systems like our own and wet, warm worlds like Earth. If these can be
found in the Sun's neighborhood of the Milky Way Galaxy, we should be able to
build space telescopes that will be able, through remote sensing, to characterize
the physical conditions of these Earth-like worlds.

Even more exciting, however, is the possibility of searching for signs of life, such as the
presence of oxygen or other disequilibrium gases in a planet's atmosphere. Planning is
already underway at the Jet Propulsion Laboratory for the first space telescope to have a
chance to do so --- the Terrestrial Planet Finder. TPF might fly as early as 2015, but this
is just the beginning of what could grow to be a central focus of 21st century astronomy.
By mid-century, we could see constellations of giant space telescopes ---working in
concert --- dedicated to searching for a diversity of life among tens of thousands of
neighboring worlds.
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Abstract # 13071 - Prospects for Life in our Solar System
and Intelligent Life Elsewhere

Christopher F. Chyba
Center for the Study of Life in the Universe
SETI Institute
and
Department of Geological and Environmental Sciences
Stanford University
2035 Landings Drive, Mountain View, CA 94043
USA
chyba@seti.org

What is life? There is no broadly accepted definition, and even the popular “Darwinian
definition” faces counter-examples. The philosopher Carol Cleland and I (Origins of Life
32,387-393, 2002) have recently argued that defining ‘life’ poses a dilemma analogous
to that faced by those hoping to define ‘water’ before the existence of molecular theory.
In the absence of an analogous theory of the nature of living systems, interminable
controversy over the definition is inescapable, as was the problem of defining water prior
to the elucidation of the theoretical context that allows one to identify water with H,O.

In the absence of a definition, the search for life will rely on tentative criteria that serve to
focus attention on suspicious physical systems. In the case of the Viking spacecraft’s
search for life on Mars, these criteria amounted to signs of metabolism (the biology
package) and the presence of organic molecules (the GCMS).

An analogous approach is taken in the search for environments in our Solar System or
beyond that could prove suitable for life. Attention is focused on those environments that
permit the key criteria for life as we know it: liquid water, so-called “biogenic” elements,
and a sufficient source of free energy. Rapidly this leads one to focus on Mars and
Europa in our own Solar System, although other worlds may provide environments that
are analogs in some sense to putative ancient terrestrial environments possibly relevant to
the origin of life on Earth.

Mars is currently the focus of systematic exploration, with exobiology as one of its goals.
There is, however, currently no mission planned to explore Europa. Therefore this talk
will focus more on Europa than on Mars, and review what is known, what is likely, and
what is speculative about Europa’s habitability for life. Europa almost certainly harbors a
second liquid water ocean whose volume is about twice that of Earth’s ocean; it is very
difficult to avoid the conclusion that Europa should have a substantial inventory of
biogenic elements, and sources of free energy that can be used by terrestrial organisms
may already be proposed (see Chyba and Phillips, Origins of Life 32, 47-68, 2002 for a
review). We have emphasized that habitability for extant life is distinct from suitability
for the origin of life, and recent laboratory work (Monnard et al., Astrobiology, in press)
suggests that some models for Europa’s ocean imply salt concentrations that may be
problematic for certain important prebiotic processes (Goldman and Chyba, in
preparation).
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What is intelligent life? There is also no decisive answer to this question. From the point
of view of the scientific search for intelligent life, operational criteria are employed, such
as the ability to transmit electromagnetic signals of a bandwidth more narrow than any
known natural source. With the construction of the Allen Telescope Array, we should be
able to search the ~106 nearest Sun-like stars for artificial electromagnetic signals by
2020 (see Ekers et al., eds., SETI 2020, SETI Press, 2002, 549pp). So far, well under
1000 such stars have been searched by Project Phoenix, too few in a galaxy of hundreds
of billions of stars to provide statistically useful results.

Whether the evolution of intelligence is common or rare will only be determined
empirically; SETI searches are one approach but there are a surprising number of
empirical investigations that can be, but to date have not been, conducted with the
terrestrial fossil record that will provide insight into this question. One reproducible
criterion that may be used as a measure of ‘intelligence’ is encephalization, a measure of
an organism’s brain to body mass. The SETI Institute is currently funding a small pilot
project as a demonstration of the type of statistical, objective investigations that can be
performed to address these questions of the evolution of intelligence (McShea and
Marino, “Trends in Encephalization”, paper given at the Bioastronomy Conference,
Hamilton Island, 2002). We have just begun to scratch the surface of scientific,
reproducible investigations into the astrobiological question of “are we alone?”
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Abstract # 13062 - Self-Assembly and Energy Flow
through Molecular Systems

David W. Deamer
Department of Chemistry and Biochemistry
UC Santa Cruz
Santa Cruz CA 95064
USA
deamer@hydrogen.ucsc.edu

A clue to understanding the origin of life is that certain kinds of molecules have physical
and chemical properties which allow them to self-assemble into orderly structures. A
second clue is that even the simplest forms of life have the ability to capture energy. For this
reason, we are investigating self-assembled systems of molecules that can extract energy
from the environment and use it to drive biosynthetic chemical reactions. One such system
incorporates catalytic and replicating macromolecules encapsulated by a boundary
membrane composed of amphiphilic compounds. What sources of amphiphiles might have
been available on the early Earth? One possible source is organic material delivered during
late accretion (1), and earlier work has demonstrated that amphiphilic substances present in
carbonaceous meteorites can in fact assemble into membranous vesicles (2). The
amphiphilic compounds that are present include monocarboxylic acids 8 - 12 carbons long.
Monocarboxylic acids and alcohols are also produced by geochemical Fischer-Tropsch
type reactions (3, 4) so it is reasonable to assume that such compounds were likely to
have been have been available on the prebiotic Earth, either by delivery or synthesis.

We are investigating the physical properties of simple amphiphiles, particularly with
respect to their self-assembly and ability to capture energy from the environment.
Significantly, recent work has shown that ionic solutes such as magnesium, calcium and
ferrous iron markedly inhibit membrane formation by amphiphiles by binding to anionic
head groups of the amphiphiles (5). These ions are present in sea water, which suggests that
the self-assembly of membrane structures may have required a fresh water environment.
However, other simple amphiphiles such as monoglycerides can undergo self-assembly in
the presence of divalent cations, so there may be a way to resolve this issue.

A second concern is that a membrane enclosure limits access to external sources of
nutrients and energy. The measured permeability coefficients of liposome membranes to

phosphate and amino acids are in the range of 10-11-10-12 ¢m s-1 (6). From these
figures one can estimate that if a primitive microorganism depended on passive transport
across a lipid bilayer composed of a modern phospholipid, it would require several years
to accumulate phosphate sufficient to double its DNA content, or pass through one cell
cycle. If solutes like amino acids and phosphate are so impermeable, how could primitive
cells have had access to these essential nutrients? Modern lipids are highly evolved
products of several billion years of evolution, and typically contain hydrocarbon chains
16 to 18 carbons in length. These chains provide an interior "oily" portion of the lipid
bilayer that represents a nearly impermeable barrier to the free diffusion of ions. One
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possible solution to this conundrum is that permeability is strongly dependent on chain
length (7). The reason is that thinner membranes have increasing numbers of transient
defects that open and close on nanosecond time scales, so that ionic solutes can get from
one side of the membrane to the other without dissolving in the oily interior phase of the
bilayer. On the early Earth, shorter chains would have been much more common than
longer chain amhiphiles, suggesting that the first cell membranes were sufficiently leaky
so that ionic and polar nutrients could enter, while larger polymeric molecules were
maintained in the encapsulated volume.

These results provide a useful perspective on the most primitive forms of cellular life. In
the early Earth environment, a variety of amphiphilic hydrocarbon derivatives could self-
assemble into bilayer boundary structures and encapsulate polymers that were being
synthesized by a separate process. The vesicle membranes would have been sufficiently
permeable to allow passage of smaller ionic substrates required for metabolism and
biosynthesis, yet maintain larger molecules within a boundary. Encapsulated catalysts
and information-bearing molecules would thus have access to nutrients required for
growth. Furthermore, specific groupings of macromolecules would be maintained, which
would allow true selection of such groupings to occur, a process that could not as easily
take place in mixtures of molecules free in solution. Certain encapsulated molecular
systems were likely to have properties that allowed them to capture free energy and
nutrients from their environment to support growth by polymerization. At some point, the
growth would become catalyzed by the encapsulated polymers, and then begin to be
directed by a primitive genetic process. Such structures would be on the evolutionary
path to the first forms of cellular life (8, 9, 10).
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Abstract # 13058 - What is a Biosignature? What makes a Planet
Habitable? Matching Darwinian Chemistry to Solar System Habitats
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Most organic molecules can suffer spontaneous chemical transformation, or "mutation".
Many can template nanoscopic to macroscopic structure, if only through the formation of
crystals. A growing number of organic systems are known to guide the assembly of
replicates of themselves. But only one class of molecule, nucleic acids, is known to
display rule based molecular recognition that survives mutation without disrupting
properties that are essential for replication.

As a consequence, nearly all efforts to search for life in the solar system have focused on
environments compatible with the physical properties and chemical stability of nucleic
acids. These include water as a solvent, temperatures between 273 and 373 K, and pH
values near neutral.

But any chemical system that combines the capacities of directing its own replication,
suffering mutation, and allowing mutant structures to themselves be heritable should
undergo natural selection, evolving in structure to replicate faster through more efficient
use of available molecular resources and energy. Molecular systems capable of
Darwinian chemistry should generate the same structural and chemical behaviors that
characterize life on Earth.

Can we conceive of self-sustaining chemical systems capable of Darwinian evolution that
do not operate in water near neutral pH between 273 and 373 K? Easily. Many non-
aqueous solvents appear to support chemical templating. Chemical transformations that
might support energy and chemical metabolisms are known in environments as acidic as
the aerosols in the atmosphere of Venus, or as basic as the atmosphere of Jupiter.
Laboratory experiments with analogs of the nucleic acids, proteins, sugars, and lipids
found in terrean life also show that these particular molecular structures need not be
found in life forms having a genesis independent of life on Earth, even in water near
neutral pH. Indeed, water creates its own problems, destroying biological
macromolecules from terrean life, rapidly for nucleic acids, and slowly for proteins.

As NASA directs missions towards the exploration of the solar system, the number of
locales holding terrean like habitable environments is small and generally inaccessible
(subsurface Mars, sub-ice Europa). The number of environments providing environments
for non-equilibrium chemical processing (the minimum for life), including the presence
of organic molecules, the presence of energy, and the presence of solvent, is larger. Some
are more accessible, even for sample return, such as the atmosphere of Venus.
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One goal of Chemical Astrobiology, therefore, is to use chemical insight and experiment
to match potential Darwinian chemistry with the inventory of environments present in the
solar system, and then to use general chemical understanding to help guide the design of
missions to locations within the solar system. Here, habitability is defined within the
context of the kinds of Darwinian chemistry a particular environment might support.
Possible biosignatures are then suggested based on the kinds of outcomes expected from
Darwinian evolution in that environment.

In part, the challenge is to avoid being trapped into "Earth-o-centric" thinking based on
familiar terrean biochemistry, without at the same time being lured into fanciful "Star
Trek Chemistry", fun to imagine but lacking any chance of reality. To do so requires
drawing on every piece of information known in chemistry, and then some, to enforce the
discipline needed to ensure reality.

This talk will outline experimental and conceptual approaches to defining habitability,
biosignatures, and the search for life in the solar system via robotic missions and in situ
analysis. We will ask whether constraints can be imposed based on information about
chemicals generated in the interstellar medium, chemicals delivered to a planet via
meteoritic infall, and chemical generated endogenously on a planet. We will also ask
whether details of terrean biochemistry can provide clues about what features of
biochemistry are universal for life regardless of genesis, and regardless of habitat.
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in the Molecular Record
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Darwin’s work on the origin of species and the neo-Darwinian synthesis suggested that
over long periods of time evolution could be described as a steadily bifurcating tree. The
introduction of ribosomal RNA as a tool in microbial taxonomy by Carl Woese and
George Fox let many microbiologist to assume that the concepts of animal and plant
taxonomy could be extended to the realm of prokaryotes. The metaphor for organismal
evolution that underlies a natural taxonomic system is a steadily bifurcating species tree,
also known as the tree of life. A decade ago ribosomal RNA promised that one day it
might be possible to place every extant organism on a universal tree of life, and the hope
was that more genomic sequences would make this placement more accurate. However,
the analyses of completely sequenced genomes initiated a reassessment of concepts in
microbial evolution. While some molecular markers were found to agree with one
another, others do not. Transfer of genetic information between divergent organisms has
turned the tree of life into a net or web, and genomes into mosaics. Different parts of
genomes have different histories, and representing the history of genome evolution as a
single tree appears inconsistent with the data. However, the exchange of genetic
information is not so rampant as to have obliterated all signals. Horizontal gene transfer
is not random, neither with respect to donors and recipients nor with respect to the type of
genes that are transferred.

The talk will address the following questions:

What is the role of horizontal gene transfer in the microbial evolution?

Is there a core of little transferred genes that can be used to trace organismal evolution?
What biological processes gave rise to the recognizable taxonomic groups?

How did enzymes with new properties and new biochemical pathways emerge?
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Abstract # 13065 - Biomarkers: Molecular Signatures for Early Life
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Molecular methods are providing new windows through which we can observe
microbiologically-driven processes in the geological past. DNA cloned from living
organisms has given us the well known ‘tree of life’ and a depiction of the genetic
distances between all living organisms. The tree also encodes a sense of their
evolutionary relationships. The inheritance and expression of lipid biosynthetic pathways
follows a comparable pattern, whereby a range of diagnostic chemical structures in
membrane lipids are largely confined to the domain level or higher. We also have an
excellent molecular fossil record of these structures that tells us that many of these
biosynthetic pathways are highly conserved and can be seen evolving through geological
time. For example, molecular markers for ‘recently’ evolved taxa, diatoms for example,
can be observed to increase in rocks and oils through the Cainozoic. Molecular markers
for vascular plants also show secular variation that is consistent with the records of pollen
and other visible remains. Evidence from excellently preserved rocks in the 1.64 Ga
McArthur Basin tells us that the biosynthetic pathways to acyclic isoprenoids, bacterial
triterpenoids, steroids and even some pigments were extant. Very similar assemblages of
compounds can be found in rocks of Late Archean age, suggesting that these biosynthetic
pathways are indeed highly conserved.

These observations show that it is feasible to search deeper in time for a molecular fossil
record of major taxa. However, there are a number of obstacles. We have a very
fragmentary, and occasionally flawed, knowledge of the lipids of extant organisms,
especially those that have been recognized by their DNA but have not been brought into
culture. Many of the diagnostic structures that are known have minimal potential for
preservation. We have no knowledge about the types of lipids that may have been
synthesised by extinct taxa. Most importantly, the rock record is incomplete and often
compromised by the affects of contamination, thermal metamorphism and
biodegradation.

This presentation examines some of the ways that we might overcome these obstacles
and the potential for extending the molecular fossil record into older strata. It also
examines the systematics of how lipids are constructed from simple precursors and ways
of testing for the biogenicity of organic compounds that can be applied to extraterrestrial
samples.
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Abstract # 12627 - Sub-Freezing Activity of Microorganisms and the
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The martian subsurface today is generally thought to meet the environmental
requirements to be able to support life. Liquid water likely is the limiting factor, and it
can occur at depths of 100s of meters to kilometers where temperatures are warmer than
at the surface. Geochemical energy is available there through reactions of the water with
the surrounding rock or by mixing in hydrothermal systems. Terrestrial organisms, at
least, are able to take advantage of these sources of energy to support metabolism. While
the deep subsurface is, therefore, a likely place to find life, it is not readily accessible.
We examine whether surface temperatures in the polar regions might allow the presence
of liquid water and the ability to support microorganisms during periods of high tilt of the
polar axis. The tilt, or obliquity, varies on timescales longer than 10° years, and can
reach values as high as about 60°. At these high values, solar heating of the polar regions
increases, and surface temperatures can rise to near or above 0° C, allowing either thin
films of liquid water or near-surface melting. Thin films of liquid water can exist at
temperatures as low as -20° C, and psychrotolerant microbes isolated from Siberian
permafrost can grow at temperatures as cold as -10° C and can metabolize at -20° C.
Thus, Mars in recent epochs had conditions that overlap the coldest conditions on Earth
able to support life, and therefore the martian surface is on the edge of being habitable by
microorganisms.

In order to determine whether Mars polar conditions at high obliquity overlap those in
which life could exist, we consider (1) the minimum temperatures at which liquid water
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can exist in soil and ice, (i1) the minimum temperatures at which microorganisms can
either grow or metabolize, (iii) the range of obliquity values that can occur and the
surface and subsurface temperatures that result, (iv) the distribution of polar ice and
ground ice on Mars that could provide a source of melt water, and (v) the general ability
of microorganisms to survive and grow in such an environment. We draw on prior
analyses in each area, along with new measurements showing the abundance of liquid
water in soils at sub-zero temperatures and the growth and metabolism of
microorganisms at temperatures as low as -20°C.

Our results suggest that Mars today appears to be right at the edge of being habitable by
microorganisms. An increase in obliquity to high values would allow sufficient liquid
water to exist at the surface or within the top meter on the polar cap and at high latitudes
that microorganisms could live. While life might have a more difficult time surviving in
these regions compared to deep-subsurface habitats, the polar regions are much more
accessible. A spacecraft mission to search for dormant organisms, spores, or organic
detritus from prior epochs, or for geochemical evidence for liquid water having been
present, would not need to land at a specific location determined by the local geology, for
example, but could be directed toward a more geographically distributed region. Also,
rather than having to drill down 100s of meters or more to access regions where liquid
water had been present, access to the topmost meter would suffice. Both of these are
within our present-day abilities.
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We have undertaken in situ carbon isotope studies of selected phases in martian (SNC)
meteorites in order to address the broad-scale carbon isotope composition of various
martian carbon reservoirs. Knowledge of the isotope abundances in such reservoirs, and
the nature of the processes that affect them, are necessary if C isotope composition is to
be used as an indicator of biogenicity, as is done on the Earth for isotopically light
carbon.

In order to constrain the isotopic composition of magmatic carbon on Mars, we have
analyzed the C isotope composition of magmatic phosphates in two martian basalts, Los
Angeles and Zagami. This required development of a new in-situ approach for analysis
of trace C in phosphates with the ion microprobe because the phosphate minerals are
small and rare, and conventional C extraction by heating from these C-carriers is
extremely difficult and unreliable. The results for two types of phosphate (apatite and
whitlockite) for both meteorites show a consistent value of 8"°Cppg of +15 + 5 %0. This
value should be considered a lower limit on the true magmatic value, as processes such as
degassing or decarbonation would tend to lower the 8"C value preserved in the
phosphates. The measured 8"C value is higher than previous estimates of magmatic
carbon isotope composition of between —20 and —30 %o. These previous estimates are
based on bulk extraction of carbon from martian meteorites above 700°C, and suggest
that these bulk heating experiments may have been compromised by refractory terrestrial
contamination. Our measured value is lower than the terrestrial mantle C isotope
composition of ~-5 %o, but isotopically consistent with the bulk of organic matter in
carbonaceous meteorites, the likely source of C on the Mars. This could support the idea
that martian magmatic C accurately reflects the planet’s accretion history due to the lack
of tectonic recycling on Mars.

Near-surface processes are recorded by carbonates in ALH84001. The environment of

formation of these carbonates has remained enigmatic despite extensive chemical and
mineralogical characterization and abundant in situ O isotope studies. These previous
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studies show that the ALH84001 carbonates are strongly zoned in chemical composition
(from Mg-ankerite to nearly pure magnesite) and O isotopes (with 8'*Ogyow from ~+3 to
+25 %o, correlated with mineral chemistry). Previous conventional C isotope studies are
suggestive of C isotope heterogeneity as well, with 8"C values typically ranging from
~+32 to +42 %o. We report the first extensive in situ C isotope analyses of the
carbonates. The 8"C values are highly zoned, ranging from ~+30 %o for the Ca-rich
carbonates to +60 %o for the magnesite compositions. These data were collected using
two very different ion probe techniques and encompass the range of previous
conventional analyses, giving high confidence in the results.

The ALH84001 data provide new constraints on the formation of the ALH84001
carbonates, which have now been shown to have large, correlated variations in mineral
chemistry, oxygen isotope composition, and carbon isotope composition. Specifically, if
the C and O isotope variations are the result of a single process, we can firmly rule out
several previous models of carbonate formation, including those invoking temperature
change and those involving a limited amount of CO,-rich fluid, as neither of these models
can account for the large C isotope variation observed. Possible models for carbonate
formation that account for the large isotopic variation include fluid mixing, a coupled
evaporation/CO, degassing model, and formation from high pH fluids. Especially the
latter two models are consistent with environmental expectations on Mars, and suggest
that production of large, abiotic isotopic variations may be common on Mars. In any
case, the data confirm the idea that martian atmospheric CO, was "°C enriched, even very
early in Martian history, with values as high as +60 %o.. Such isotopic enrichment,
probably caused by preferential atmospheric loss of the lighter C isotope, has
implications for the history of the martian magnetic field.

In summary, the history of C on Mars is complex in space and time due to atmospheric
evolution, the probable lack of long-lived oceans, and lack of plate tectonics. In addition,
martian surface conditions are conducive to production of large abiotic C isotope effects.
Even with limited samples from Mars, the range of C isotope values observed is 2-3
times larger than typical on Earth, suggesting careful context will be necessary if C
isotopes are to be used as a martian biosignature.
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Morbidelli et al. (2000) demonstrated on dynamical and chemical grounds that more than
an Earth’s oceans worth of water could have been delivered by large “planetary embryos”
which grew in the asteroid belt during terrestrial planet formation. The source is
consistent with current understanding of the water content of the asteroid belt as informed
by the chondritic meteorite record, and with the role of the giant planets in clearing the
primordial asteroid belt. It is also consistent with the isotopic record of D/H and the
oxygen isotopes in Earth and chondritic meteorites, with the latter capping the amount of
water that could be delivered in this fashion (Drake and Righter 2002). Alternative distal
sources of Earth’s water, that is, comets, are ruled out on isotopic or dynamical grounds.
A local (1 AU, astronomical unit) source of water for the Earth would require very low
nebular temperatures and seems to contradict the meteoritic evidence suggesting that
material inward of 2 AU-3 AU was too dry to supply an ocean or more of water.

An asteroidal source for the origin of Earth’s water must have implications for the total
amount of water that Mars acquired during its formation. At first glance, one might
imagine that Mars should gain more water since it is closer to the asteroid belt that is the
Earth. However, the stochastic nature of planetary growth implies that this facile
inference is incorrect. By analyzing the results of published dynamical simulations, we
infer that Mars acquired less water than did the Earth, about 0.05 of an Earth’s ocean (1
Earth ocean ~ 1.5 x 10*' kg), and the original D/H value for this material was 1.6 SMOW
(SMOW = standard mean ocean water, 156 ppm). We then compare these numbers to
constraints on the early inventory of Martian water, and the D/H value inferred from SNC
meteorites. Finally, we show that the initial abundance and D/H value are consistent with
the current D/H value for the Martian atmosphere derived through escape.
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The surface of Titan has always been an enigma, both physically and chemically, because
it is for the most part concealed from view by the global aerosol haze. Most of the
organic chemistry on Titan that could be relevant to the origin of life, however, must go
on at or near the surface, since the atmosphere is lacking any significant source of
oxygen, and most prebiotically-interesting compounds contain oxygen. Thus, in order to
fully evaluate the relevance of Titan as a natural prebiotic chemistry laboratory, we must
better understand the interactions between organic material produced in the upper
atmosphere and surface materials that may include transient liquid water. Laboratory
analogs of the aerosol material are available from experiments involving irradiation of
nitrogen/methane gas mixtures, and the structure and chemistry of these analogs is being
investigated. The degree to which these analogs resemble the actual Titan haze will
become clearer when the Huygens probe performs pyrolysis/GCMS on the haze in 2005.
Huygens will also characterize to some extent the nature of the surface, allowing us to
better explore in the laboratory the possible interactions between haze particles and
surface materials. This combination of observations and experimental data will also help
us plan follow-on missions to Cassini/Huygens for the astrobiological exploration of
Titan.
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Introduction: Understanding the potential habitability of Europa requires understanding
its history of deformation, including: the origin of its surface features, possible changes in
its geological style over time, and the means of material exchange between the surface
and interior. We have embarked on a study that integrates these themes. The present
study addresses convective transport within Europa, with important implications for the
formation of surface features (lenticulae, chaos, and bands), as well as for the potential to
transport organisms from the interior ocean to the surface, oxidants from the surface to
the ocean, and spacecraft-born contaminants (including terrestrial organisms) from the
surface to the ocean.

Morphological Constraints: Europa's surface is peppered by pits, domes, and spots that
show a peak in their size distribution near 10 km and which tend to have a regular
spacing, suggesting an origin through convective diapirism [Pappalardo et al., 1998]. In
this model, domes are formed by intrusive diapirism, spots are formed by diapiric
extrusion, and pits are formed by drainage of melt to the subsurface. Larger chaos regions
might also be accounted for by diapiric processes, potentially related to intra-shell
melting or concentrations of low mleting point salts within the ice [Collins et al., 2000;
Head and Pappalardo, 2000].

Method and Previous Work: We have modified a numerical convection model that was
developed to study mantle convection in Earth (Citcom) [Zhong et al., 2000] to study
convective motions of ice within Euopa’s icy shell. The viscosity of ice as measured in
laboratory experiments is strongly dependent on temperature and strain rate [Goldsby and
Kohlstedt 2001]. The high viscosity ice at the ~100 K surface temperature of Europa
prevents convective motions from reaching the surface, and motion is confined to the
low-viscosity sub-layer beneath a stagnant lid.

In past work [Barr et al., 2002] we have explored a range of rheologies of ice considering
the acceptable range of Newtonian flow laws and the Newtonian approximations to non-
linear rheologies, finding that the stagnant lid thickness varies from 2 to 9 km.
Convective velocities in the viscous sub-layer in the shell are on the order 0.1 to 10
cm/yr, implying that the convective portion of the ice shell can be recycled on a time
scale of 10* to 10° yr.

New Results: We have recently completed modifications of Citcom to take into account

the stress-dependent rheology of ice, thereby incorporating the tidal strain rate of ~10™"°
s”' [Ojakangas and Stevenson, 1989]. We present the results of a model which mimcs the
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behavior of grain boundary sliding which has a stress exponent n=1.8 and activation
energy Q*= 60 kJ/mol; we are currently incorporating the full deformation map of ice
[Goldsby and Kohlstedt, 2001]. The resultant stagnant lid thickness for this model is 4
km and the brittle/ductile tranistion (BDT) is 2 km, significantly thinner than the 9 km
stagnant lid thickness and 5 km BDT predicted by a Newtonian model with a similar
activation energy. Sub-layer convective velocities in the non-Newtonian model are larger
as well, averaging 4 cm/yr, with local velocities in the smaller-scale convective
upwellings reaching 100 cm/yr.

The results of our new model have interesting implications for the potential habitibility of
Europa’s ocean and for our ability to detect ocean chemistry, life and/or its chemical
signature on the surface. Although we are still dependent on resurfacing events to erupt
material to the surface where it can be detected, in the non-Newtonian model solid-state
convection can deliver material to within 4 km of the surface, which is 5 km closer than
previous estimates. Additionally, the brittle/ductile transition of 2 km predicted by the
non-Newtonian model well matches the geologically inferred value of 2 km [Pappalardo
et al., 1999].

Future Work: The current model produces vigorous convection and a shallow
brittle/ductile transition depth, even without inclusion of tidal heating. We will next link a
convective model of Europa with a visco-elastic deformation model of Europa to
characterize tidal heating due to viscous dissipation within Europa’s ice (rather than
simply as a function of viscosity). We plan to incorporate Byerlee’s law in this model to
link sub-surface ice motions with surface deformation on Europa. We are also
incorporating variations in local strain rate as a function of geographic location on
Europa in response to tidal forcing, as such variations may be important in understanding
the evolution of any specific location on Europa with time as nonsynchronous rotation
occurs.
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Res., 104, 27,143-27,155, 1999. Zhong, S., et al., J. Geophys. Res., 105, 11063-11082,
2000. Goldsby D.L. and D. L. Kohlstedt, J. Geophys. Res., 106, 11,017-11,030, 2001.
Barr, et al., abstract #1545, in Lunar Planet. Sci. Conf., XXXIII, Lunar and Planetary
Institute, Houston [CD-ROM], 2002. Ojakangas, G. and D. J. Stevenson, Icarus, 81,
220-241, 1989. Pappalardo, R. T, et al., J. Geophys. Res., 104, 24,015-24,055, 1999.
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A question of key interest in the fields of meteoritics and planetary system formation is
the extent to which interstellar materials survive incorporation into forming planetary
systems. In the field of astrobiology, there is a particular interest in understanding what
interstellar organic compounds survive the transition from interstellar space to planetary
surfaces since such compounds could potentially play a role in the origin of life.

In general, the best evidence that interstellar materials survive incorporation into forming
stellar/planetary systems is their identification in meteoritic materials through detection
of isotopic anomalies. In the case of organic compounds, the chief isotopic tracers are
the enrichment of D and N, both of which are seen in carbonaceous chondrites and
interplanetary dust particles (IDPs). Thus, these isotopes can serve as key probes of the
linkages that exist between interstellar and protostellar/planetary processes.

Various organic materials are currently known to exist in the interstellar medium (ISM).
These materials, the environments in which they are found, and the astrochemical
processes that are responsible for their creation and alteration will be briefly discussed.
Emphasis will be placed on the chemistry occurring in dense molecular clouds, the
environments in which new planetary systems form. The principal chemical processes
responsible for the creation/alteration of interstellar organics will then be examined in
light of the D/H signatures (if any) imposed on their products. The processes that will be
considered are ion-molecule, unimolecular photodissociation, gas-grain, and ice
irradiation reactions. Each of these chemical processes is expected to lead to significant
D enrichments in their products. Furthermore, each process is expected to generate a
different isotopic "signature" in its resultant products. Aromatic compounds will be
discussed as a specific example of this point.

The talk will then focus on reviewing the isotopic evidence (primarily associated with
deuterium) suggesting that some of these interstellar materials have survived
incorporation into bodies within our Solar System when it formed. Emphasis will be
placed on the survival of organic species of astrobiological relevance.

The talk will end with a brief discussion of the types of future studies that will be
required if additional progress is to be made in understanding the interstellar/planetary
connection. This includes astronomical (telescopic), laboratory simulation, and
meteoritic studies.
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The phylogeny of prokaryotes is mainly based on the comparison of the 16S ribosomal
RNA sequences. In Bacteria, this tree suggests an early emergence of hyperthermophilic
organisms followed by an unresolved bush, which is often interpreted as a radiation. Since
hyperthermophilic Archaea also emerge early, this has lead to the hypothesis of a
hyperthermophilic last universal common ancestor, and even a hot origin of life. Yet,
genome sequencing reveals that lateral gene transfers (LGTs) are quite frequent. Indeed,
phylogenies based on various proteins are generally incongruent with the rRNA one as
well as between themselves. Because of the high frequency of LGTs, some authors have
questioned the very existence of a prokaryotic phylogeny. We analyzed all the proteins
involved in translation for 45 eubacterial species. Through the use of a newly developed
method, we showed that a core of 46 genes shared the same evolutionary history.
Interestingly, the phylogeny inferred from their concatenation was very similar to the one
based on ribosomal RNA. This suggests that, despite the high frequency of LGTs, it is
possible to infer the prokaryotic phylogeny from a core of genes that are not (or extremely
rarely) transferred. Similar results were obtained for Archaebacteria. Another major
problem that impedes the inference of prokaryotic phylogeny is the existence of tree
reconstruction artifacts. For example, in our phylogeny based on 46 genes, the GC content
of the genome has some influence on the inference. More importantly, using the Slow-Fast
method, we showed that long branch attraction was responsible for the early emergence of
hyperthermophilic Eubacteria (Aquificales and Thermotogales). This strongly rejects the
hypothesis of an hyperthermophilic last universal common ancestor. Interestingly, our
phylogeny indicated planctomycetales as the first branching bacterial group. This little
studied phylum is a major division of Bacteria, whose members share several original
features such as the lack of peptidoglycan in their cell walls or a budding mode of
reproduction. The most intriguing feature is the existence of either a single or a double
membrane around the bacterial chromosome in Gemmata and Pirellula species, which has
been compared to the eukaryotic nuclear envelope. Yet, evolutionary homology with the
eukaryotic nucleus has not been proved. If the early emergence of Planctomycetales is
confirmed by a careful phylogenetic analysis of genome sequences from several
representatives of putatively early branching Bacteria, the origin of this domain should be
seriously reconsidered.
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Horizontal gene transfer (HGT) is a process through which disparate prokaryotic groups
can obtain foreign genetic material in response to a changing environment. It is an
ancient process that has altered genomes since, at least, the last common ancestor of life,
and it is influenced by abiotic factors such as temperature and pH. HGT is selective and
preferentially favors the exchange of some gene types. Operational genes (mostly
housekeeping genes) are readily incorporated through HGT, but informational genes
(translation, transcription, and other genes) are less readily incorporated through this
mechanism. HGT is also influenced by abiotic factors such as temperature and pH. It
has been suggested that the collection of organisms that exchange genes can be thought
of as a global organism, having an immense population size and a correspondingly great
potential for evolving novel genes. Here we ask whether the organisms which share
genes truly share them on a global scale, or whether environmental factors can affect its
scale. In other words, can geography and environment, or abiotic and biotic parameters,
influence genetic exchange by HGT? Our analyses of some 20,000 genes in eight
complete genomes show that environmental factors can significantly alter horizontal
transfer among prokaryotes.
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The earliest proteins on Earth would have arisen before cellular life (as we know it) was
formed. Many of the early proteins and fragments of proteins must have been ancestors
of the complex protein world that exists today. To generate a cell, a process similar to
duplication and subsequent divergence must have transpired before the time that a
modern-type cell (metabolically capable and self replicating) could arise. Without
assumptions about the process of duplication and divergence at those early times, we can
nevertheless ask the question “How many and what kinds of ancestral proteins would
have been required to generate all the basic life processes found in all free-living
organisms today?”

We have approached this question of enumerating and describing protein ancestors by
collecting modern proteins into families of similar sequence, and we have further
collected these into larger families of similar three-dimensional structure. Examples of
large families will be shown. In the category of enzymes, there are many families such as
alcohol dehydrogenase families containing a variety of enzymes reactivities, enzymes
acting on CoA derivatives, aldolases, transaminases and the like. Many such families
contain enzymes having a spectrum of functions. Within each family, even though the
reactions may seem different, they are carried out by basically similar chemistries. One
presumes that single ancestral proteins could have given rise to the multiplicity of
reactions found within any one family. Not only enzymes, but also other protein types,
can be gathered into large families. We have also collected large families of regulators
and large families of transporters that also could have descended from single ancestral
proteins. Each family could represent one early ancestral protein. Thus we believe we
have identified some of the types of ancestor proteins that could have generated the
massive diversity we find today.

One can also look within proteins for elements of ancestry. Many proteins contain
smaller domains that serve (for instance) as necessary for proper folding of the protein, or
are required for binding substrates and cofactors, or are required for interaction between
proteins. We may assume that the most invariant and widespread of the features of
modern proteins were present at early times. We have collected the domains in all E. coli
proteins and determined the most numerous classes and the most frequent partners when
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more than one domain is present in one protein. These are compared with data for all
sequenced proteins from all organisms. With respect to astrobiology, the most prevalent
domains in earth’s proteins could be used as a basis for probing other planets for presence
of proteins or peptides with comparable features.
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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 its 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.
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Tubulins, the protein constituents of the microtubule cytoskeleton, are present in all
known eukaryotes, but until now they have never been reported in prokaryotes. We have
found two tubulin-like genes (btuba and btubb) in bacteria of the genus Prosthecobacter
(Division Verrucomicrobia). The btuba and btubb genes are arranged as adjacent loci
along with a light-chain kinesin gene homolog within the genome. Reverse transcriptase
PCR (RT-PCR) experiments indicate that btuba and btubb and the kinesin-like gene are
co-transcribed and a probable promoter was identified upstream of btuba. Based on
comparative modeling data, we predict that the Prosthecobacter tubulins are monomeric,
unlike eukaryotic ( and ( tubulins, which form dimers and microtubules.

Several different hypotheses are possible regarding the phylogenetic implications of
finding tubulin genes in bacteria. They could be the result of a horizontal gene transfer
event from a eukaryotic organism to these bacteria. However, phylogenetic analyses
indicate the bacterial tubulin genes are quite divergent from eukaryotic tubulins, so this
does not support a recent horizontal transfer (Figure 1). Alternatively they could
represent an ancient horizontal gene transfer event, either from an early eukaryote to the
Verrucomicrobia or from an early member of the Verrucomicrobia to a proto-eukaryote.
Another hypothesis is that an early member of the Verrucomicrobia gave rise to the
eukaryotic lineage. The evidence for these various hypotheses will be discussed along
with genomic information that provides further insight into the evolutionary origin of
tubulin genes.
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Microbial life probably evolved early on Earth, and some believe that microbial life is
common in the Universe. Multicellularity also arose early, because diverse living and
fossil prokaryotes can occur as filaments or other simple aggregates of cells, usually
involving only one or two different cell types. However, multicellularity in eukaryotes
can involve as many as 250 cell types and includes elaborate developmental pathways
and rapid cell-to-cell signaling. It is of great interest to know how and when complex
multicellular life evolved on Earth in order to gain insight into the relative ease or
frequency at which we should expect to encounter complex life elsewhere. If complexity
evolved relatively late on Earth, and required a series of rare events, then the probability
of finding complex extraterrestrial life will be low. Conversely, if complex life appeared
earlier and did not involve a series of rare events, that probability would be higher.

The fossil record documents that animals, fungi, and plants are not much older than the
Phanerozoic (<0.5 Giga years ago, Ga), which spans the last 10% of Earth’s history (i.e.,
late). However, molecular clocks using large numbers of genes have estimated the
divergences of these three groups to as early as 1.5 Ga (Wang et al., 1999; Heckman et
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al., 2001), which is the last one-third of the history of Earth (i.e., not quite so late). The
origin of cyanobacteria and the symbiotic events involved in the origin of eukaryotes
provide other temporal constraints (Hedges et al., 2001). The common ancestor of
animals, fungi, and plants was probably single-celled; therefore, the rate at which
complexity increased in the three lineages, following their divergence, bears directly on
our understanding of the evolution of complex multicellular life. To more clearly
understand the problem, we need better phylogenetic trees and greater precision of
molecular time estimates.

Nucleotide and protein sequence data from genome projects are increasing rapidly in
public databases. We have used all such available data, and have also collected new
sequence data for some lineages, to address the phylogenetic and chronological questions
concerning the origin of complexity. As with previous molecular clock studies, ancient
divergences were found, implying large gaps in the fossil record. In addition, the use of
different global and local clock methods gave concordant time estimates. A synthesis of
information from diverse areas leads to a new perspective on the rise of complex life and
insights into possible mechanisms.
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The frequency of extrasolar planetary systems is clearly a key issue for astrobiology. The
first extrasolar planetary system was discovered in 1995. In the few succeeding years,
over one hundred planetary-mass companions have been discovered around nearby stars,
including several multi-planet systems. With a sample of this size, it becomes possible to
examine the statistical properties of the parent stars, with a view to searching for
characteristics which set those stars apart from the average field star. A crucial step in
this process is constructing an unbiased reference sample, a step rendered possible by the
Hipparcos astrometric survey, which allows the identification of every solar-type star
within 25-parsecs of the Sun. Those stars provide an unbiased picture of the properties of
the local Galactic disk. Comparative analysis of the planetary host stars and the nearby
disk dwarfs shows a strong trend for increasing frequency with increasing heavy element
abundance. However, at least 5% of solar-metallicity stars have detectable planetary-
mass companions and, given current observational selection effects, this must represent a
lower limit to the true frequency of planetary systems. Stars with planets are not
particularly unusual — at least in the Solar neighbourhood.
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Current observational techniques permit the detection of giant planets in orbit around nearby Sun-like
stars, and roughly 100 of these planets have been found to date. At present, it is not possible to detect
extrasolar planets with masses comparable to Earth, although a number of ground-based and space-based
observing programmes are being developed with this goal in mind. In many cases, it will prove valuable
to know ahead of time which stars are likely to contain Earth-like planets, since this will make it
possible to focus the observing effort on these candidates. Here I will investigate to what extent we can
make such predictions.

Recently, it has become apparent that the formation and survival of Earth-like planets is controlled
largely by the presence of giant planets orbiting the same star. In the Solar System, the giant planets orbit
beyond 5 AU from the Sun, and terrestrial planets located between the orbits of the giants are unstable.
Many orbits in the asteroid belt and Kuiper belt are stable, but gravitational perturbations from the giant
planets prevented smaller planets from accreting in these regions. Only in the region interior to 2 AU
were the gravitational effects of the giant planets small enough to permit terrestrial planets to form and
survive. Not coincidentally, this region encompasses the Sun's habitable zone, in which Earth-like
planets are able to maintain liquid-water surface temperatures.

One of the most surprising results of the search programmes that have detected extrasolar planets is the
great diversity in their orbits and masses. Essentially, these objects have a range of masses, orbital
periods, and orbital eccentricities that fills the portion of phase space that has been searched to date. In
many of these systems, terrestrial planets are likely to form in different locations than in the Solar
System, due to differences in the perturbations of the giant planets. In a number of cases, terrestrial
planets may not form at all. The planetary system of 47 UMA, which currently represents the best
analogue of the Solar System, provides a good example. This system contains 2 Jupiter-mass planets
with roughly circular orbits lying very roughly 2 and 4 AU from the star. Numerical simulations show
that stable orbits exist in the habitable zone of 47 UMa, but that the giant planets would have frustrated
the accretion of any habitable planets.

In many other systems, one can determine immediately that any terrestrial planets in the habitable zone
would be unstable. However, as the 47 Uma system shows, the presence of stable orbits in the habitable
zone does not automatically imply that habitable planets would have formed. I will present results of a
wider study of terrestrial-planet formation and survival in extrasolar systems, examining both observed
systems and artificially-generated systems of giant planets. These simulations show a clear correlation
between the characteristics of the giant planets in a system, and the formation locations and formation
efficiency of terrestrial planets. In addition, it is possible to address the question of whether these
terrestrial planets will contain materials such as water, carbon and nitrogen, that are likely precursors of
life.
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Over four billion years after its formation, the Earth still accumulates about 40 million
kilograms of extraterrestrial material yearly, mostly in the form of micrometeorites ~100
micrometers in size. The flux of micrometeorites would have been much higher when the
Earth was much younger; thus, particles in this size range potentially supplied the
inchoate biosphere with organic compounds. However, micrometeorites suffer extreme
flash-heating to tempeatures in excess of 1500 K upon atmospheric entry. Such high
temperatures have been thought to destroy the organic content of micrometeorites, and so
these particles have been underappreciated as important sources of extraterrestrial
organics.

To address this issue, we are conducting experiments to quantify what products evolve
from micrometeorites upon atmospheric entry. Particles in the 100-300 micron size range
are subjected to conditions similar to those experienced during entry into the Earth’s
early atmosphere (e.g., low pressure, low oxygen levels, heating rates up to 500 K/sec).
Our results indicate that many aromatic compounds are released under these conditions,
including numerous alkylbenzenes, alkylnapthalenes, benzene nitrile, styrene, various
alkyl thiophenes, and small polycyclic aromatics. Methane, carbon dioxide and water are
also important compounds that may be released from these particles, and we are
measuring the release of these compounds as well.

Our results strongly suggest that micrometeorites were potentially important sources of
carbon in the atmosphere of the early Earth, and by extension, young habitable planets.
Aromatic compounds are excellent absorbers of UV radiation and may have served this
purpose before the ozone layer formed. Because the flux of micrometeorites may indeed
be quite high in the first few hundred million years of a habitable planet’s life, it is
important to get an inventory of these volatiles because of their roles as greenhouse gases
and UV absorbers. Because the presence of life on terrestrial planets will be inferred from
the presence of compounds in chemical disequilibrium with one another, it is particularly
important to understand and quantity the flux of compounds from endogenous as well as
€X0gEenous sources.
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It seems feasible to detect biological signatures (“biosignatures”) in other planetary
systems using the tools of astronomy. There are at least two types of biosignatures: (1)
spectral and/or polarization features created by biological products; and (2)
electromagnetic signals created by technology. The latter example of a biosignature
requires SETI-like searches. This presentation addresses only spectral signatures of
biological products and properties of habitable planets. Spectral biosignatures are indeed
promising targets for near-term exploration. They can arise from organic constituents
(e.g., vegetation) and/or inorganic products (e.g., atmospheric O,). Features originating
from a planet’s surface are likely to be localized in specific regions, whereas gaseous
biosignatures can become globally distributed by atmospheric circulation.

Biosignatures should be most abundant within environments that are, or once were,
habitable. We currently believe that habitable environments necessarily provide liquid
water and biochemically useful energy. However, we do not yet fully comprehend the
diversity of features that might arise within these environments that are non-biological in
origin, yet mimic biosignatures. For example, atmospheres reflect the events leading to
their origins as well as a host of ongoing planetary processes that might include
biological activity. We are persuaded that abundant atmospheric oxygen in an
environment with abundant liquid water constitutes definitive evidence of life. However,
our own early biosphere thrived for more than a billion years in the absence of abundant
atmospheric oxygen. The production of other, more reduced, gaseous biomarkers of
“young” and/or anaerobic biospheres has not been systematically studied. Biological gas
production is strongly controlled by the structure and function of microbial ecosystems.
Investigations of microbial ecosystems that are close analogs of ancient communities
offer multiple benefits. Such studies can interpret the production of the most important
biomarker gases, while simultaneously helping us to understand the formidable array of
ecological processes that guided the early biological evolution. Astrobiologists must
recognize those aspects of biosignatures that truly reflect the most fundamental, and
therefore universal, properties of life. We must learn how the environment can modify
biosignatures, and how technology can enable an array of biosignatures to be detected
remotely within realistic budgetary constraints.

REFERENCE: Des Marais, D. J., Harwit, M., Jucks, K., Kasting, J. F., Lunine, J. L,
Lin, D., Seager, S., Schneider, J., Traub, W., Woolf, N. (2002) Remote sensing of
planetary properties and biosignatures on extrasolar terrestrial planets. Astrobiology, Vol.
2, No. 2, 153-181.
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Once an extrasolar terrestrial planet has been detected and resolved from its parent star, a
combination of remote-sensing techniques will be needed to characterize its environment
and potential for habitability. The photometric and spectroscopic techniques, which have
been developed for studies of the Earth and its planetary neighbors, will provide an
excellent starting point for these investigations. However, great care will be needed to
retrieve unambiguous results from disk-averaged observations like those anticipated from
the first generation instruments, like those being considered for the Terrestrial Planet
Finder. Here, we summarize the information content of commonly used remote sensing
methods and their implications for the design and operation of future observing systems.

Photometry and Photometric Variability: Time-resolved, disk-averaged photometric
observations have provided a wealth of information about planets and small bodies in our
solar system and may yield some of the first clues about the environments of extrasolar
terrestrial planets. For example, the intensity of the radiation that is reflected and emitted
by a planet provides constraints on its effective temperature. However, the size of the
body must be known to retrieve quantitative information from such data. In principle,
that information could be retrieved from time-resolved photometric observations acquired
as the planet occults field stars. This approach would also help to determine whether the
planet has an atmosphere, and it could provide constraints on its vertical structure. On
longer time scales, time-resolved photometric observations collected as the planet rotates
and moves along its orbit track might reveal brightness or color changes associated with
the surface or atmosphere, providing additional clues to its environment (e.g., ice caps,
clouds, continents, oceans; Ford, Seager and Turner, Nature, 2001, 412, p885).

Temperature estimates derived form photometric measurements collected over a limited
spectral range must be interpreted with caution by astrobiologists because planets with
atmospheres adequate to support life can have albedos and emissivities that vary
dramatically with wavelength. Photometric measurements obtained at a few visible,
near-infrared (IR) or thermal IR wavelengths could address this concern. Multi-spectral
photometric observations would also reveal the planet’s "color", which could provide
additional clues to the composition of its surface and/or atmosphere.

Spectroscopic Techniques: Spectra of the Earth and other planets in our solar system
have yielded a great deal of information about their atmospheres surfaces. For example,
moderate resolution (100 < A/AA < 600) thermal IR spectra have provided the best
available global constraints on the thermal structure of the atmospheres of Venus, Earth,
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Mars, and Jupiter, and the only available constrains on the atmospheres of Saturn,
Uranus, and Neptune. These spectra have been combined with ultraviolet (UV), visible,
and near IR spectra to derive the ambient atmospheric pressure of the effective reflecting
or emitting layer (surface or cloud top) and the trace gas composition above that level.
These spectroscopic remote sensing techniques should also be ideal for studying the
environment of extrasolar terrestrial planets. They are also needed to search for classical
chemical disequilibrium biosignatures, such as the simultaneous presence of highly
oxidized (e.g., Oz, O3) and reduced (CH4, NH3, OCS, H,S) species.

A cursory inspection of a low-resolution (A/AA < 100) IR spectrum will establish whether
the planet has a substantial atmosphere. If it does, a more thorough analysis of the
spectrum will identify its primary absorbing gases. If, as on Earth, the primary
atmospheric constituent (N,) has few identifiable spectral features, its presence and total
mass can still be inferred from moderate to high resolution (500 < A/AA < 1000) spectra,
because of its pressure broadening effects on the IR absorption lines of other gases. If the
atmosphere is sufficiently transparent that radiation can escape from the surface, (e.g.,
Earth, or Mars), the total atmospheric mass can be derived from spectroscopic data. For
cloudy atmospheres, (i.e., Venus or the Jovian planets), this will yield constraints on the
cloud top pressure. In many such cases, observations at UV, visible, and IR wavelengths
will indicate different effective pressures (and surface temperatures). While such results
may initially cause confusion, a more complete analysis of the spectrum should yield
additional insight into the vertical structure of the atmosphere.

Once the primary absorbing gases and the pressure of the emitting/reflecting surface of
an extrasolar planet have been estimated, the surface temperature and atmospheric
thermal structure can be derived from thermal emission spectra using conventional
remote sensing retrieval techniques. Global-scale constraints on the atmospheric thermal
structure would be of great value in studies of the planet's climate and chemical
equilibrium. Estimates of the globally averaged surface temperature are also needed to
determine whether liquid water is stable on the surface.

Time-resolved spectroscopic observations may reveal variations in surface and
atmospheric composition that are linked to diurnal or seasonal variations, and may also
be produced by the presence of life. For example, time-resolved spectroscopic
observations of the Earth would reveal temporal variations in the atmospheric CO, and
CH, abundance that are correlated with seasonal variations in the respiration and
photosynthesis of land plants. Such periodic observation on an extrasolar planet would
provide compelling evidence for an active biosphere.

Each of these spectroscopic and photometric objectives places specific requirements on
the spectral range and resolving power, sampling rate, signal-to-noise ratio of future
instruments. Specific examples from our solar system will be used to derive and
motivate each requirement.
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Abstract # 13061 - NASA's Terrestrial Planet Finder
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NASA has made the search for life (both inside and beyond our solar system) a
focus of its space science program. The goal of the Terrestrial Planet Finder
(TPF) is to search for Earth-like planets.

Recently completed architecture studies suggest that both infrared and visible light
techniques offer plausible solutions to the daunting observational problems this goal
presents. I will summarize NASA's program, the results of recent studies, and the
prospects for international collaboration on TPF.

Special Session III: Searching for Life Outside the Solar System 83



NAI General Meeting 2003



Special Session IV Abstracts

Life in Extreme Environments




NAI General Meeting 2003



NAI General Meeting 2003

Abstract # 13093 - Stochastic Astronomical Radiation and
the Limits of Life
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Department of Astronomy, University of Texas
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Earth or any exoplanet will be exposed to a stochastic bath of UV and ionizing radiation
from astronomical sources ranging from flares on the host star to supernovae. This
radiation can induce polymer formation, create or repair mutations, provide an
environment where radiation repair mechanisms and associated biological processes like
lateral gene transfer and meiosis evolve, disturb a planet's atmospheric chemistry, and,
under extreme circumstances, partiallly sterilize a planetary surface. We have evaluated
the probability of exposure to certain of these stochastic sources, stellar flares on
timescales of days to centuries depending on the host star and several hundred
biologically significant supernova per Gyr. We have also computed, using a Monte Carlo
radiative transfer code, the biologically-effective doses after transmission through model
planetary atmospheres of various thicknesses. We find that while a thick atmosphere like
that of the Earth provides protection from direct exposure to incident ionizing radiation, a
significant fraction, about 1%, of incident hard radiation can reach the ground by auroral
processes that convert the incident energy to biologically-active UV flux.
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Most of the well-characterized mid-ocean ridge hydrothermal systems are driven by
volcanic and tectonic activity associated with basaltic oceanic crust and often result in the
production of reducing, low-pH, metal laden hydrothermal fluids. However in some
areas of the seafloor ultramafic mantle rock (peridotite), rich in Fe- and Mg- bearing
minerals, has been exposed due to tectonic uplift. In such environments, exothermic
reactions involving the serpentization of iron-bearing minerals (i.e. olivine + H,O +C (or
CO,) = serpentine + magnetite + brucite +CH, +H,) in the susbseafloor provides an
additional source of heat and drives hydrothermal circulation. The conditions created by
such reactions, which include significant quantities of dissolved methane and hydrogen,
may favor microbial communities specifically adapted to this unusual vent environment.

In this regard, a novel peridotite-hosted hydrothermal environment was discovered in
December 2000 at 30°N near the Mid-Atlantic Ridge (see also Kelley, et al.). This site,
named the Lost City Field (LCF), contains multiple large (up to 60 m), carbonate
chimneys venting high pH (9-10), moderate temperature (45-75°C) fluids. The LCF is
unusual in that it is located on 1.5 my-old oceanic crust, 15 km from the nearest
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spreading axis. Ultramafic, reducing hydrothermal environments like the LCF may be
analogous to geologic settings present on the early Earth, which have been suggested to
be important for the emergence of life. Additionally, the existence of hydrothermal
environments far away from an active spreading center expands the range of potential
life-supporting environments elsewhere in the solar system.

The abundance and diversity of microbial communities inhabiting carbonate chimney
structures from LCF was analyzed by culturing, microscopic, and molecular methods.
Enrichment culturing from chimney material yielded microorganisms in media designed
for methanogenesis, methane-oxidation, and heterotrophy at mesophilic and thermophilic
temperature regimes. Cell abundances between 10° and 107 cells/g were observed within
samples collected from the various chimneys. A subset of the microbial population in
direct contact with vent fluids fluoresced with Flavin-420, a key coenzyme involved in
methanogenesis. In situ hybridization analysis of microorganisms from LCF revealed
that Archaea and Eubacteria are important parts of the cell populations. 16S rDNA clone
libraries show that diverse microbial communities, including autotrophic microorganisms
and macrofaunal symbionts, are contained within the vent structures. These results
indicate that abundant and varied microbial communities inhabit different regions of the
chimney structures and may be specifically adapted to the reducing, volatile-rich fluids
percolating through the chimneys.

In addition to expanding the range of known deep-sea ecosystems, the microbial ecology
of carbonate structures associated with hydrothermal venting at the LCF may provide key
insights into the microbiology of subsurface environments near this site. Studying the
microbial communities within these systems will enable us to better understand geo-
microbial processes associated with serpentinite environments and perhaps allow us to
expand our search for life elsewhere in the universe.
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By applying the experimental tools and techniques from high-pressure physics to biology,
we have monitored physiological and metabolic activity of Shewanella oneidensis strain
MR1 and Escherichia coli strain MG1655 at extreme pressures. Enclosing the microbes
within a diamond anvil cell, we measured biological formate oxidation rates to 1 GPa (10
kbar) pressures. At pressures of 1200 to 2200 MPa, living bacteria were observed to
reside within fluid inclusions in high density ice phases and continued to be viable upon
subsequent release to ambient pressures. Evidence of microbial viability and activity at
these extreme pressures raises important questions regarding the adaptability,
survivability and viability of life in extreme environments. Besides providing a direct
observation approach to experimentation on microbial life at extreme conditions, our
observations expand by an order of magnitude the range of conditions representing the
habitable zone in the solar system.
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Photosynthetic organisms are usually restricted to environments where sufficient light is
available to sustain cellular functions. This includes the surface of the land and the photic
zone of aquatic systems. The photic zone of the ocean extends from the surface to about
250 meters below the surface. Below this depth, there is insufficient light available to
sustain photosynthesis.

A possible exception to this rule is in the vicinity of deep-sea hydrothermal vents. These
vents are at depths (~2000-2500 meters) where no surface light can penetrate. However, the
vents are sufficiently hot that they produce a weak light emission. This vent light has been
measured and found to be of sufficient intensity such that photosynthesis in this
environment could be possible.

In December 2001, a team of scientists explored the deep sea hydrothermal vents off the
coast of Puntarenas, Costa Rica at the 9°N dive site along the East Pacific Rise. Samples
were collected both at the vents and at control sites away from the vents. The samples were
subsequently cultured on a variety of media in an attempt to establish laboratory cultures of
any vent phototrophs. A number of isolates were cultured from these samples, including an
isolate that shows spectral characteristics of a photosynthetic green sulfur bacterium.
Phylogenetic analysis of both 16S rRNA and the FMO antenna complex confirms that this
isolate is grouped with the genus Prosthecochloris within the subset of green sulfur bacteria.
Further characterization of this isolate is underway.
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Ultramafic-hosted hydrothermal systems must have been common during early Earth-
ocean formation, prior to the development of an extensive crustal sequence. Such
environments would have been characterized by the production of warm alkaline fluids,
which may have been a requirement for the emergence of life on/within the seafloor.
Model calculations based on thermodynamic considerations and experimental studies
suggest that synthesis of numerous organic compounds is favored during mixing of
warm, serpentinite-derived, high-pH, reducing fluids with cool, oxygenated seawater
(Shock and Schulte, 1998). Dissolved hydrogen, present in hydrothermal fluids due to
reaction of olivine and other iron-bearing minerals, provides the reduction potential and
the thermodynamic drive for organic synthesis. Significant quantities of methane and
hydrogen produced during serpentinization reactions may have provided nutrients critical
for the establishment of early microbial communities.

The peridotite-hosted Lost City Field (LCF), discovered in December of 2000, may
represent our closest analogue to hydrothermal systems operative during early Earth. This
recent discovery raises the possibility that such systems are prevalent not only on Earth,
but that similar systems may have existed or currently exist elsewhere in the solar system.
The LCF, which rests atop the Atlantis massif at 30°N on the Mid-Atlantic Ridge, is
unlike any previously known hydrothermal field in that: 1) it is located on 1.5 my-old
crust, nearly 15 km west of the spreading axis; 2) it hosts at least 30 active and inactive
carbonate-brucite chimneys that tower up to 60 m above the seafloor; 3) the venting
pinnacles appear to be the surface expression of warm (40-75°C), high pH (9-10) fluids
emanating from fault zones that tap a region of active serpentinization in the underlying
peridotites; and 5) hydrothermal flow is driven by exothermic serpentinization reactions
at depth.

The LCF rests on a terrace at a water depth of 700-800 m and is underlain by a diverse
suite of mafic and ultramafic basement rocks that crop-out on the cliffs immediately
below the edge of the scarp. The field extends for at least 300 m across the terrace and
hosts at least 30 active and inactive structures. Just to the south, cliffs composed of
basement material show extensive areas of active and inactive white hydrothermal
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precipitates. These deposits fill fractures and form hundreds of large flanges that protrude
as much as 2 m from the cliff face. Within the field, active and inactive vents form spires,
mounds, pinnacles, and flanges. Large isolated pinnacles are commonly 10-30 m tall.
But, the most spectacular of the pinnacles is a giant edifice (Poseidon) that rises 60 m
above the seafloor, making it the tallest hydrothermal deposit yet discovered. The top of
this composite structure is actively venting 75°C fluid. On this and other large pinnacles,
flanges exhibit concave-down forms, which trap highly reflective pools of 40°C-55°C
vent fluid.

Active structures within the LCF are typically awash in buoyantly rising mixtures of
warm vent fluid and cooler seawater. The diffuse vents support dense microbial
communities that commonly form white to light grey colored filamentous strands several
centimeters in length. Preliminary investigations of microbial communities show
extensive biofilm development on mineral surfaces from within the carbonate structures
that contain filaments, rods and cocci. Cell counts from active samples reach >10’
cells/gm. Enrichment culturing of chimney material in aerobic and anaerobic media
yielded microorganisms in the hyperthermophilic (90°C), thermophilic (50°C, 70°C) and
mesophilic (25°C) temperature regimes in media designed for methanogenesis, CH,-
oxidation, and heterotrophy.

Many of the carbonate veined serpentinites (ophicalcites) and breccias that underlie the
LCF are similar to those known from ancient ophiolites, including Archean (>3000 m.y.
old) examples. These types of assemblages may represent a linkage to hydrothermal and
possibly biological activity at the time of the oldest known life on Earth. The warm,
organic- and volatile-enriched environment present within the porous interior of ancient
hydrothermal deposits may have been extremely suitable habitats for the emergence of
thermophilic or hyperthermophilic anaerobic organisms capable of utilizing methane and
hydrogen.

The discovery of the LCF serves as a vivid reminder that there is much left to be discovered
about mid-ocean ridges and the life that they support. Although there is strong evidence that
serpentinite-hosted systems similar to the LCF are widespread in slow-spreading
environments, Lost City is the only such field visited to date. We do not yet know what the
chemical impacts are of such off-axis systems on the oceans, or what types of microbial
communities are supported by serpentinization. If high pH, reducing, ultramafic systems are
the closest analogue to early Earth environments, Lost City may provide important new
insights into ancient microbial ecosystems.
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Yellowstone National Park (YNP) provides insights into the origin and evolution of life
and the potential for life to exist beyond Earth. Biochemical clues hint that our early
ancestors might have lived in high-temperature environments, including hot springs.
Ancient spring alcoves on the flanks of Martian volcanoes invite comparisons with YNP,
whose fossil-rich sinter spring deposits might, in turn, resemble deposits on Mars. A new
visitor center is planned at Old Faithful, and interest in astrobiology is rising among the
three million visitors of all ages that experience YNP each year. Thus the time has come
to initiate a focused outreach project that highlights both astrobiology and the work of the
NASA Astrobiology Institute (NAI) in the Park. The Ames NAI Team, its partners, and
YNP staff are creating trailside signs to exhibit astrobiology throughout YNP. This
integrated team is also developing chapters on astrobiology and microbiology for the
Yellowstone Resources and Issues Guide, a training manual for the interpretive research
staff. Knowledge of Park resources and accurate information are fundamental elements of
the interpretative equation. This team effort will help the general public to enhance their
knowledge and skills and to access NASA research in astrobiology, including geology,
microbiology and space missions.
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Using oligonucleotide microarray hybridization for detecting 16S rRNA genes is a great
challenge due to their secondary structure. To determine whether single mismatch
discrimination can be achieved with microarray hybridization for 16S genes, a model
oligonucleotide microarray was designed and fabricated containing probes derived from 3
different regions of 16S genes, with nirS and amoA genes as a control. These probes
have 1-5 mismaches at various positions. Five target templates of 50 bp were also
synthesized. The hybridization conditions for optimal discrimination of single-base
differences were optimized using different buffer compositions. Our results indicated that
the position of mismatch, type of mismatch and the concentration of hybridization
additives such as formamide and tetramethylammonium chloride (TAMCI) significantly
affected the discrimination power and signal intensity. The hybridization signal intensity
of the probes with a single-base mismatch is about 10-30% of the signal intensity with
the perfect-match probes, depending on the type of nucleotides. The signal intensity of
the probes with two-base mismatches is about 5-25% compared to the perfect match
probes. Probes with three or four base pair mismatches gave very low signal intensity,
which are less than 5% of the perfect match probes. Maximum discrimination and signal
intensity were achieved with the probe length of 19 bp. These results indicated that
single-base discrimination for 16S rRNA genes can be achieved with array-based
hybridization. We have also developed a novel amplification system to improve
microarray detection sensitivity. With this system, as low as 10 fg DNA can be detected.
Such a system could be very useful for detecting microorganisms in spaceship samples.
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Acid mine drainage (AMD) is a biologically-mediated process that is intrinsically linked
to environmental geochemistry. Biologically-mediated metal sulfide dissolution produces
solutions that are extremely acidic (pH <1.0), have very high ionic concentrations
(arsenic, copper and zinc), and are moderately hot (30 to 50°C). All AMD microbial
communities investigated to date comprise only a handful of phylogenetically distinct
organisms, typically dominated by the iron-oxidizing members of the Nitrospira and
Thermoplasma lineages. Also, AMD communities are chemoautotrophic and isolated
from external sources of fixed carbon and nitrogen. Hence, they provide an ideal
opportunity to explore microbial community structure and function at the level of
pathways and to examine evolution and genome heterogeneity. We are investigating
AMD communities growing in a pyrite-dominated metal sulfide deposit at the Richmond
mine at Iron Mountain, CA.

We have undertaken a community genomics analysis of a pink subaerial biofilm collected
from the Richmond Mine in March 2002. This biofilm community comprises six
phylogenetically distinct populations; ~75% Leptospirillum group II (closely related to
Leptospirillum ferriphilum), ~10% Leptospirillum group III, <1% Sulfobacillus, and
~10% Archaea that fall into three distinct groups within the Thermoplasmatales order
(Ferroplasma sp., for which genome data is already available, “A-plasma” and “E-
plasma”). High throughput sequencing of two 16S rDNA clone libraries (384 clones
sequenced from both ends) confirmed the low species-level diversity in this community
and suggested that the extent of microheterogeneity within each of the six populations
was limited. 17 unique Leptospirillum group II 16S rDNA phylotypes (defined by one or
more base changes) were resolved, with ~85% belonging to one phylotype. The
remaining ~15% were very similar in sequence identity, only diverging by 1.2% in total.
Similarly, 14 unique Leptospirillum group III phylotypes formed a tight cluster with <
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0.8% sequence divergence. The limited intra-population, and significant inter-population
sequence variation in the community should allow determination of the gene content and
metabolic pathways of the majority of community members (especially Leptospirillum
spp.), permit evaluation of the genomic heterogeneity within each species population, and
potentially enable reconstruction of genome fragments and whole genomes.

We have constructed a small (3-4 Kb shotgun) and large-insert (40 Kb fosmid) library
from the target community genomic DNA. The Joint Genome Institute (JGI) has initially
sequenced 2 Mb from the small insert library. Surprisingly, when the data was assembled
using Phredphrap, almost a quarter of the sequence reads formed contigs. Using the
Lander-Waterman equation we predicted that the size of the community genome being
sampled is only marginally larger than the estimated size of the community based on the
genome sizes of pure culture representatives of each population, 8.3 Mb, excluding
Sulfobacillus which is a minor component of the community (<1%) and unlikely to be
adequately sampled in the community genome libraries. This suggests that each
population is dominated by a single genome-type and that reassembly of the AMD
community genome may be more tractable than initially thought. The largest contigs in
the community genome assembly were all chimeric artifacts consisting of conserved
transposases in multiple genomic contexts. In particular, low stringency assemblies
rapidly targeted especially successful (multiple copy) transposases within the
populations. After removal of chimeric contigs, the community genome size is estimated
to be 9.1 Mb. We have designed the major phase of the sequencing so that we maximize
the chances of recovery of large genome fragments, potentially permitting genome
reconstruction.

Similarity searches of the initial 2 Mb of sequence data revealed many genes, consistent
with the chemoautotrophic lifestyle of the community. These include CO, fixation genes
(RuBisCo, RuBisCo transcriptional regulator), nitrogen fixation genes (nifA, nifS, nifU,
nif-specific regulator), and many electron transport chain components. None of the CO,
an N,-fixation genes identified in the community genome data had close matches to the
Ferroplasma genome, suggesting that they may all come from the Leptospirillum
genomes. Organism-resolved metabolic pathway information will be used to develop
methods to monitor microbial activity in the environment. Ultimately, our goal is to
develop a predictive analytical ecological model that resolves the linkages, feedbacks,
and controlling variables that underpin acid mine drainage generation.
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Consortia of microorganisms that can adapt to extreme conditions will most likely be the
dominant life forms in habitable zones beyond Earth. The microbial mats of Guerrero
Negro in Baja California (Mexico) resemble structured communities that could have
existed during the early development of life on this planet. While a number of studies
have helped catalog the microbial diversity found in these mats, we have little
understanding of the specific mechanisms enabling the organisms to withstand such
extreme environmental stresses as a threefold increase in salinity as compared to open
ocean.

To address this question at the genomic level, we have constructed a microarray-based
system to study cyanobacterial expression patterns in these mats. Our array consists of
approximately 1100 unique Microcoleus chthonoplastes cDNA clones that will be used
to monitor cyanobacterial gene expression in response to a number of environmental
conditions. In order to study specific adaptations to extreme environments, we are
comparing axenic cultures from the hyper saline Guerrero Negro region with a strain
found in the more typical environment of Sippewisset Marsh (Massachusetts). These two
strains show significant variation in the intergenic spacer region of 16S ribosomal RNA.
This suggests the two are sufficiently divergent to warrant individual examination for
possible adaptations in response to the unusual Guerrero Negro conditions. While these
experiments focus specifically on Microcoleus, ultimately we will apply this approach to
examining global expression patterns of the entire interrelated mat community. Here we
present preliminary results from a comparison of these two Microcoleus strains.
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Deinococcus radiodurans (DEIRA) is a bacterium best known for its extreme resistance
to the lethal effects of ionizing radiation, but the molecular mechanisms underlying this
phenotype remain poorly understood. To define the repertoire of DEIRA genes
responding to acute irradiation (15 kGy), transcriptome dynamics were examined in cells
representing early, middle, and late phases of recovery using DNA microarrays covering
94% of its predicted genes. At least at one time point during DEIRA recovery, 832 genes
(28% of the total predicted genes) were induced and 451 genes (15%) were repressed
two-fold or greater. The expression patterns of the majority of the induced genes
resemble the previously characterized expression profile of recA following irradiation.
DEIRA recA, which is central to genomic restoration following irradiation, is
substantially up-regulated upon DNA damage (early phase) and down-regulated before
the onset of exponential growth (late phase). Many other genes were expressed later in
recovery, displaying a growth-related pattern of induction. Genes induced during the
early phase of recovery included those involved in DNA replication, repair,
recombination, cell wall metabolism, cellular transport, and many encoding
uncharacterized proteins. Most striking was the observation that metabolic functions, in
particular, appear to play crucial roles in DEIRAIs recovery from acute radiation.
Collectively, the microarray data suggest that DEIRA cells efficiently coordinate their
recovery by a complex network that involves the regulation of multiple cellular functions.
Components of this network include: (1) a predicted novel ATP-dependent DNA ligase,
which appears to functionally replace the repressed NAD-dependent DNA ligase; and (2)
metabolic pathway switching that could prevent additional genomic damage elicited by
metabolism-induced free radicals.
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We constructed genomic trees based on the presence and absence of families of protein-
encoding genes observed in 55 prokaryotic and 5 eukaryotic genomes. There are features
of the genomic trees that are not congruent with typical rRNA phylogenetic trees. In the
bacteria, for example, Deinococcus radiodurans falls within the gram-positive bacteria,
as a sister group to the low GC gram positives, a result which is also seen in most other
phylogenetic studies using whole genome data.

In the Archaea, the methanogens form a united clade and the Euryarchaeota are divided
with the two Thermoplasma genomes and Halobacterium sp. falling below the
Crenarchaeota. While the former appears to be an accurate representation of
methanogen-relatedness, the misplacement of Halobacterium may be an artifact of
parsimony.

These results imply the last common ancestor of the Archaea was not a methanogen,
leaving sulfur reduction as the most geochemically plausible metabolism for the base of
the archaeal crown group. It also suggests that methanogens were not a component of the
Earth’s earliest biosphere and that their origin probably occurred sometime during the
Archean.

In the Eukarya, the parsimony analysis of five Eukaryotes using the Crenarchaeota as an
outgroup seems to counter the Ecdysozoa hypothesis, placing Caenorhabditis elegans
(Nematoda) below the common ancestor of Drosophila melanogaster (Arthropoda) and
Homo sapiens (Chordata) even when efforts are made to counter the possible effects of a
faster rate of sequence evolution for the C. elegans genome. Further analysis, however,
suggests that the gene loss of “animal” genes is highest in C. elegans and is obscuring the
relationships of these organisms.
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The work described herein involves the development of new technology for screening the
protein content of bacterial cells. These methods will be applied to the study of bacterial
response to temperature adaptation, especially to mechanisms for survival under low
temperature conditions. Although DNA serves as the blueprint of the cells, it is the
proteins that perform the functions and dynamic processes that ultimately determine cell
phenotype and its response. This is especially important in bacterial cells where small
changes in protein expression may be responsible for changes in the phenotype of the cell
which allow for survival under extreme conditions. These protein expression differences
for bacterial cells grown under different conditions are monitored using a 2-D liquid
phase separation, which provides a map of the protein content of the cells. The map
formed will be analogous to the 2-D gel concept for imaging proteins from cells, but it
will use a liquid-based technology which can be adapted to other technologies for protein
analysis.

The protein separation in our work is performed using a liquid phase pl-based
fractionation in the first dimension and reversed-phase HPLC in the second dimension.
The first dimension utilizes chromatofocusing, which is a column-based method for
separating proteins using pH. This method can provide a separation of proteins between
pH 4-9 and allows for fractionation of proteins in intervals of <0.2 pl. The narrow range
fractionation allows for separation and detection of large numbers of proteins that may
otherwise remain unresolved in geliibased separations. In addition, the method allows the
loading of >5 mg of sample so that substantial amounts of protein are available for
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further analysis. In the second dimension, nonporous silica (NPS) reversed phase HPLC
is used to separate large numbers of intact proteins. This method provides a means for
rapid separation of large proteins with high recovery of protein in the liquid phase. The
proteins can be detected by UV absorption so that a 2-D liquid map of the protein content
of a cell can be detected. Of great significance to these studies is that isolated proteins in
the liquid phase are collected for peptide mapping studies using MALDI-mass
spectrometry. In addition, the liquid eluent can be interfaced directly to a mass
spectrometer for analysis of intact proteins for their molecular weight using electrospray
mass spectrometry. Using this method the intact molecular weight of each protein can be
used to generate a mass map with MW values accurate to 150 ppm. The mass maps
provide a means of studying changes in profiles between bacterial cell proteins grown
under different conditions. The mass maps from bacterial samples will be compared
using software developed in our lab to search for these differences in protein production.
Proteins identified as being differentially expressed will be identified using peptide
mapping techniques and tandem mass spectrometry against available databases.

Initial work with this 2-D mapping technique has been used to study changes in E. coli
that have evolved under different growth conditions. Six lines of E. coli that have adapted
to 20(C and their two ancestors have been studied using Sigmagenesis microarrays (DNA
on DNA). Deletions of portions of the ancestral genotype have been identified in 3 of the
6 lines. All six lines have approximately the same fitness at 20 (C, but their fitness is
different at higher temperature (40(C). The 3 lines with the deletions are all lower in
fitness than those with no detectable deletions. The +2 strain, one of 3 lines with the
deletions, has dramatically decreased fitness. In this project, the +2 strain and its ancestor
will be studied using the 2-D mapping technique after being grown at 20(C. The 2-D map
of evolved cell lines will be compared to the 2-D map of the ancestor strain to identify
the major differences that exist on the protein level and which proteins are involved in the
+2 cell line being a specialist for 20(C. In addition, the proteins that are differentially
expressed or not expressed in the +2 cell lines (which may be involved in preventing the
+2 cell line from being a generalist in adapting to a wide range of temperatures) will also
be explored. Identification of the proteins of interest will be performed by mass
spectrometric techniques combined with database searching to explore their metabolic
functions in E. coli survival.
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Abstract # 12677 - Using the Great Oxidation Event and
Whole Genome Sequences to Establish Upper Age Constraints for
Multiple Archaeal Groups
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Washington University
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The sudden appearance of oxygen in the biosphere at about 2.25 billion years ago (Ga)
likely had a profound impact on the energy structure of microbial communities as well as
a marked influence on global biogeochemical cycles. For example, oxygenation of the
atmosphere allowed the independent origins of sulfide oxidation in the Archaeal domain,
Low G+C Gram Positive, Nitrospira, and Proteobacterial divisions in the Bacterial
domain. The advent of microbial sulfide oxidation would have significantly increased
the rate of oxidative weathering on continents, resulting in an increase of sulfate
concentration in the oceans.

While age constraints are beginning to emerge for major groups in the Bacterial domain,
at present there are no age constraints for any major Archaeal groups. No fossil record
exists for any Archaeal group, and biomarkers are lacking or poorly constrained. On the
other hand, it is clear that oxidative metabolism arose independently several times in the
Archaeal tree. For example, Sulfolobus and Aeropyrum in the Crenarchaeaota, and
Thermoplasma, Halobacterium, and possibly Palaeococcus (Amend et al., submitted) in
the Euryarchaeota use oxygen as a terminal electron acceptor. Because oxygen arose
suddenly at about 2.25 Ga (possibly due to the origination of Cyanobacteria between 2.4-
2.3 Ga; Blank, submitted), we can use the acquisition of oxidative metabolism to
constrain the origination dates of these clades, as well as others that do not exhibit
oxidative metabolism.

In order to date these origination events, we used a cladistic approach. First, a robust tree
topology was generated. Most phylogenetic analyses of the Archaeal domain with small
subunit ribosomal RNA are poorly resolved, likely due to multiple long branch attraction
artifacts and insufficient characters. Therefore, whole genome sequences were used to
construct a well-resolved phylogenetic tree, where several (i.e., 18) of the most highly
conserved genes were used to construct a backbone tree topology. Additional taxa were
added to the tree using small subunit ribosomal RNA sequences and the genome tree as a
constraint tree. Next, the ability to use a wide range of electron acceptors was coded as
characters for each organism (where 1=ability to metabolize that particular compound
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and O=inability). These metabolic characters were mapped onto the tree using MacClade
and ancestral metabolic characters were inferred using maximum Parsimony. Clades
were identified where oxidative metabolism was present in the last common ancestor, and
were assigned a maximum origination date of 2.25 Ga. Maximum age dates were also
assigned to non-oxygen metabolizing sister groups using the Principle of Equal Age of
Sister Groups. It should be noted that this procedure will work regardless of whether the
ability to metabolize oxygen was acquired via convergent evolution or lateral gene
transfer. This approach may be beneficial in interpreting the energy structure and
metabolic composition of Archean age microbial communities, as well as aiding in the
interpretation of the Archean and Paleoproterozoic carbon isotopic records.
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The Archaean stratigraphic succession of Western Australia consists of five unconformity
bound megasequences that formed as a volcaniclastic carapace above the intruding
Archaean granitoid complex that underlies the Pilbara protocontinent'. The 10-15 km
thick Warrawoona Group, which accumulated at ca. 3.4 Ga, occurs close to the base of
this ancient succession”. Stromatolitic structures in the Strelley Pool Chert, which forms
part of the Warrawoona Group, have been interpreted as evidence for some of the earliest
life on Earth™. We have carried out detailed mapping and sampling of the Strelley Pool
Chert at three well exposed localities and conclude that the sedimentary succession is
hydrothermal and formed in at least moderately deep water.

The Strelley Pool Chert consists of iron-rich carbonate or silicified carbonate interbedded
with units of mega-quartz after barite(?) with laminated black and white chert and finally,
at the top of the formation, grey green chert which is locally stained green by copper. The
carbonate and silicified carbonate intervals are generally laminated with the laminae
being either parallel or swaly. Stromatolitic structures are found at well-defined intervals
in these units. In cross section the laminae preserved in the structures are strongly
isopachous with occasional evidence of erosion around the base of some of the steeper
domes. The mega-quartz interbedded with the carbonate/chert units may be massive or
contain botryoidal structures. Delicate fans of pseudomorph crystals, often highly
acicular, occur in most of the mega-quartz units and are often associated with a
pronounced zone of “chicken-wire textures™ at times overlain and infilled by black
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chert, suggesting that the mega-quartz is a replacement after barite(?). Primary chert
always occurs toward the top of the formation. The stratigraphically earlier cherts are
finely laminated black and white intervals whilst the later cherts are generally grey green
and either massive or finely laminated and locally stained blue green by copper.

The Coucal Formation, which consists largely of tholeiitic basalts, disconformably
underlies the Strelly Pool Group in the study area. Cross-cutting the steeply dipping
formation is a dyke complex that extends for ca. 1.7 km beneath the Strelley Pool Chert.
Cavity fill lithologies within the dyke provide a record of the hydrothermal activity
through the dyke system. All of the lithologies identified in the overlying Strelley Pool
Chert can be identified within the cavity fill preserved in the dyke, and they follow the
same general sequence as the stratigraphy of the formation. Mega-quartz after barite
occurs throughout the dyke system, black, massive chert begins at a depth of ca. 1.5 km,
small amounts of carbonate appear at 1.1 km, but the main carbonate cavity fill appears at
a depth of 700 m. Small gossans after sulphides first appear at depths of 1.25 km in the
dykes. Cu staining in the grey-green cherts at the top of the section suggests that the
sulphides are a late stage phase.

The Strelley Pool Chert, rather than being a shallow-water evaporitic unit, is a complex
hydrothermal deposit that accumulated around a series of hydrothermal vents. The
regional setting indicates that the iron-rich carbonates of the Strelley Pool Chert are
simply part of a hydrothermal succession that began to precipitate from solutions well
below the seafloor. Consequently, large volumes of very fine-grained abiotic carbonate
issued directly into the marine environment. The stromatolitic structures were generated
by direct precipitation of carbonate from hydrothermal fluids in a relatively deep marine
setting. We find no direct evidence of biogenic mediation in their construction. They
appear to be sedimentary structures. This, along with our earlier work on the Apex chert’
implies that photosynthesis may not have become a significant oxygen producing
mechanism until after 2.8 Ga when the first large continents assembled and energy
release from the earth began to drive plate tectonics. This, in turn, resulted in the
formation of broad shallow intracratonic basins that provided an ideal environment for
the rapid expansion of photosynthesising organisms and active plate margins that allowed
sequestration of carbon-rich sediments in the upper mantle*.

'Van Kranendonk, M.J. (2000) Geology of the North Shaw 1:100,000 Sheet. Western Australian Geological
Survey, 1:100,000 Geological Series Explanatory Notes.

" Hickman, A.H. (1983) Western Australian Geological Survey Bulletin 127, 268p.

iiT owe, D.R. (1980) Nature 284, 441-443.

¥ Rooney, L.F. & French, R.R. (1968) Journal of Sedimentary Petrology 38, 755-765.

Holliday, D W. (1969) Journal of Sedimentary Petrology, 39, 1256-1258.

¥ Brasier, M.D. et al. (2002) Nature 416, 76-81.

v Lindsay, J.F. & Brasier, M.D. (2002) Precambrian Research 114, 1-34.
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Using molecular sequence data, biologists can generate hypotheses of protistan
phylogeny and divergence times. Fossils however provide our only direct constraints on
the timing and environmental context of early eukaryotic diversification. The combined
protein eukaryotic tree (Baldauf et al., 2000, Science) supports a rapid radiation of major
taxa. What happened before this radiation is much debated, as some taxa originally
interpreted as early-branching groups (including microsporidia, slime molds, and
pelobionts) now fall within main cluster of branches (Bapteste et al., 2002, PNAS).

Chronological calibration of the tree by eukaryotic fossils of known affinities suggests
that the early Mesoproterozoic was a crucial time of eukaryotic diversification. Much
before these fossil records, biomarkers in 2.7 Ga kerogens of the Fortescue Group,
Australia (Brocks et al., 1999, Science) indicate the presence of cells able to synthesize
sterols, a characteristic of eukaryotes. Between the late Archean biomarkers and the
earliest fossils that can be placed with confidence into an extant clade, 1.2 Ga
bangiophyte red algae, lies a rich record of microfossils that are possibly eukaryotic.
Criteria can be developed to identify eukaryotic cells and distinguish them from
prokaryotes in the early fossil record. The presence of processes and/or other surface
ornamentation, of excystment structures and wall structure might show a degree of
complexity unknown in prokaryotes. TEM observations of microfossil wall ultrastructure
and their comparison with modern protist ultrastructure may provide evidence for
eukaryotic affinities and, perhaps, relationship to a specific clade within the domain.
Analysis of the wall chemistry by laser micropyrolysis might similarly reveal chemical
signatures of eukaryotes or of specific groups.

Our study of early Mesoproterozoic organic-walled microfossils from the 1.5 Ga Roper
Group of Australia and the >1.2 Ga Ruyang Group of China reveals an exceptional
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preservation of early eukaryotes at the structural and ultrastructural level. Leiospherids
(simple spheres) arbitrarily separated at the species level on the basis of their size and
wall thickness on the basis of light microscopic observations, show very different wall
ultrastructures, implying either different stages of a protistan life cycle or a level of
taxonomic diversity undetected by light microscopy. Other early Mesoproterozoic
microfossils, including Valeria lophostriata, Satka favosa, Satka squamifera, Tappania
plana, large longitudinally striated tubes, and Shuiyouspharidium macroreticulatum also
show distinctive wall ultrastructures, implying diverse biological affinities. These
microfossils have a worldwide distribution in various early Mesoproterozoic rocks (1.5-
1.4 Ga Roper Group, northern Australia; >1.2 Ga Ruyang Group, China; 1.3 Ga Totta
Fm, Siberia; and 1.3-1.6 Ga Sanda Fm, Ganga Basin, India), confirming the widespread
participation of eukaryotes in the early Mesoproterozoic biosphere.

Morphological complexity shown by taxa with processes, and/or with walls made of
polygonal plates, imply cytological complexity in the early Mesoproterozoic and the
evolution of a eukaryotic cell with nucleus, cytoskeleton, and Golgi apparatus involved in
secretion and self-assembly of wall components. In previous studies (Javaux et al., 2001,
Nature), we have shown that microfossil assemblages were distributed along an
environmental gradient in the Roper Group, demonstrating ecological heterogeneity.
Thus, ecological and cytological complexity and diversity of early eukaryotes
characterizes the early Mesoproterozoic biosphere, implying a preceding period of early
eukaryote evolution and diversification.

In combination with molecular phylogeny, biochemistry, geology, and paleoecology,
detailed studies of organic-walled microfossils focusing on wall morphology,
ultrastructure, and chemistry will help us to understand patterns of protist evolution and
diversification on the Proterozoic Earth.
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Neoproterozoic history has been plagued by a lack of precise geochronological
constraints. In particular the correlation and duration of global or “Snowball” glaciations
has relied on litho and chemostratigraphy, which has given rise to much debate about the
number, magnitude, and duration of glacial deposits. New U-Pb constraints on the age of
the Gaskiers glacial deposits in Newfoundland coupled with an age for the oldest
Ediacaran fossils have important implications for global correlation and the rise of
Metazoans.

In the central and eastern parts of the Avalon Peninsula, southeastern Newfoundland, the
oldest rocks are arc-related tuffs, agglomerates, and flows of the Harbour Main Group
(>1.5 km thick) which have published dates from 606-630 Ma. These are overlain by
marine siliciclastic rocks of the Conception Group a thick (ca. 7.5 km) upward-shoaling
succession with minor volcanic tuffs. Over 2,300 m of deep-sea deposits of the Mall Bay
and Drook formations are separated by the regionally extensive glacial diamictite of the
Gaskiers Formation (up to 300 m-thick). This unit is often described as a Varanger-age
glaciomarine deposit and is locally overlain by a thin cap carbonate bed with a highly
negative C isotopic signature. Interbedding of classical turbidites with diamictite facies
within the Gaskiers Formation, as well as basic facies analysis, have been interpreted to
indicate deposition of the glaciogenic deposits on a submarine fan or slope setting.

This (1-15 cm) silicic ash beds are found interlayered with turbidites just below and
above the glacial deposits and the glacial deposits locally contain volcanic bombs,
pyroclastic debris, and lavas. U-Pb geochronology of zircons separated from ash-beds
below, within, and above the glacial deposits indicates that they are 580 Ma and
accumulated in less than 1 Ma. This is considerably younger than previous estimates and
calls into question many of the global correlations with similar rocks.

An ash-bed within the overlying Drook formation is preserved in depositional contact

with spectacular surfaces exposing Ediacaran fossils. Zircons separated from it yield an
age of 575 Ma making these the oldest well-dated Metazoan fossils that are less than 5
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Ma younger than the glacial deposits. Of particular interest is whether these fossils are
correlative or younger than the fossil embryos of the Doushantuo of south China that also
immediately overlie glacial deposits.

The short duration of the Gaskiers glaciation is difficult to reconcile with a full snowball
earth scenario as currently modeled. Thus, either the Gaskiers is not the result of a
snowball glaciation or the duration of these dramatic climatic events has been
overestimated.

114 Special Session VI: Early Biosphere Evolution



NAI General Meeting 2003

Abstract # 13072 - Estimating Metazoan Divergence Times with a
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Accurate dating of when the first bilaterally-symmetrical animals arose is crucial to our
understanding of early animal evolution. The fossil record suggests that bilaterians arose
~555 mya. However, previous molecular-clock analyses, which were calibrated against
the vertebrate fossil record, estimate that they arose 900-1,200 mya. Because of this
pronounced discrepancy, we sought to develop estimates from molecular data using
invertebrate calibration dates. Our analysis gives dates that are consistent with the fossil
record. We estimate that bilaterians arose ~560 mya, and metazoans ~660 mya. We
further show that the rate of molecular evolution in vertebrates is significantly slower
than that of invertebrates, which accounts for the spuriously deep estimates of bilaterian
origination in previous analyses. We argue that the origin of metazoans and then
bilaterians straddle one of the most extreme environmental episodes in the history of life.
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Scientists have much to offer to K-12 education - knowledge of science and the scientific
process, access to cutting-edge data and research, plus windows to real world
explorations and discoveries. There are many different ways for scientists to make
valuable contributions to education, and many different levels of possible involvement.
One very effective way for scientists to share their expertise with a large number of
students and teachers is to work with curriculum developers on new science materials for
classrooms nationwide and to contribute to the professional development of teachers so
they can effectively use these materials. This presentation describes how scientists helped
build the Voyages Through Time curriculum and presents a model for the different ways
scientists can contribute to the development of K-12 science curricula.

Voyages Through Time (VIT) is a unique year-long integrated science curriculum for
high school based on the overarching theme of evolution and delivered on CD-ROM.
VTT provides inquiry and hands-on approaches to the study of astronomy, earth sciences,
biology, anthropology, and technology in a cross-disciplinary framework that is the
essence of astrobiology. This curriculum is the result of five years of vision and work on
the part of a core group of scientists, science educators, and curriculum developers, aided
by over thirty-four scientists from many different fields and institutions and by teachers
and students across the nation. VI'T was developed with the continuous involvement of
scientists over the entire project — from first ideas through building specific lessons,
activities, and media through reviews and revisions to final product. Scientists played an
active role providing ideas; consulting and advising; presenting their science via video
clips, images, simulations, and database activities; writing articles; and reviewing and
contributing to final revisions. And together they helped produce a very high-quality,
comprehensive, scientifically accurate, and classroom-effective curriculum.

What motivated the investigators and other scientists to contribute their time and
expertise to a large, complex curriculum such as VI'T? Many saw this as a chance
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to formally share their research interests and their excitement about science with a large
number of students and teachers; to provide content knowledge and classroom
applications of that content; and to serve as role models for future generations. As
astrophysicist Yvonne Pendleton, VIT co-investigator from NASA Ames, says: “This
was a great opportunity. My research on the evolution of organic material in space and its
delivery to the early Earth prompted my involvement with an education curriculum where
that insight could be incorporated. The interdisciplinary aspect of the Voyages Through
Time project allowed us to tie together big concepts that teachers and students were
unlikely to find elsewhere.”

The results of these partnerships with scientists for curriculum development are high-
quality and well-received teaching materials. VIT was tested nationally in twenty-eight
states during the 2001-2002 school year. Teachers appreciated the accuracy, richness,
level of detail, and flexibility of the material, and found that it a very engaging, cohesive,
and effective curriculum. The students enjoyed the variety of short video clips of
scientists talking about their research, the student reader articles about scientific
explorations, and the powerful images, database activities, and simulations that bring up-
to-date science into their classrooms.

To quote from a VIT student: “This year’s science class was really challenging and
interesting at the same time. And it got me interested in science, because I never liked it
before. The way the curriculum is planned showed me that there’s a lot that no one really
knows, and a lot I can find out about.”

The Voyages Through Time curriculum was developed by the SETI Institute, NASA
Ames Research Center, California Academy of Sciences, and San Francisco State
University, and funded by the NSF (IMD #9730693), with support from Combined
Federated Charities, the Foundation for Microbiology, Hewlett-Packard Company, the
NASA Astrobiology Institute, the NASA Fundamental Biology Program, and the SETI
Institute.
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A continuing challenge for scientists is to keep K-12 teachers informed about new
scientific developments. Over the past few years, this challenge has increased with new
research findings coming from the field of astrobiology. In addition to trying to keep
abreast of these new discoveries, K-12 teachers must also face the demands of the content
and pedagogical goals imposed by state and national science education standards.
Furthermore, many teachers lack the scientific content knowledge or training in current
teaching methods to either create their own activities or to appropriately implement new
teaching materials that are designed to meet the standards. There is a clear need for
special courses designed to increase the scientific knowledge of K-12 science teachers.

This astrobiology education project was initiated to improve the quality and quantity of
astrobiology concepts taught in middle and high schools and to meet the desire of
teachers wanting to capitalize on student interest resulting from recent science
discoveries in this field. One response to this need would be to create some classroom
lesson plans with posters and do several brief workshops for teachers. However, the
authors recognized that this approach, although common, is clearly insufficient. In
response to this need, the authors developed a suite of innovative, classroom-ready,
lessons for grades 5-12 that emphasize an active-engagement instructional strategy and
focus on the recent discoveries in the field of astrobiology. They further created a
graduate-level, Internet-based, distance learning course for teachers to help them become
familiar with these astrobiology concepts and gain first hand experience with the NSES-
based instructional strategies. Teachers need both classroom-ready curriculum materials
aligned with the National Science Education Standards and comprehensive professional
development programs to affect real change at the student level. This project’s developed
lessons are unique because they focus on real scientific data, promote the research
emphasis of astrobiology, and are completely classroom-ready curriculum supplements.
At the same time this project has addressed the need for teacher professional
development by creating credit-bearing university courses designed both to improve
science understanding and to help teachers bring that understanding to the classroom.
Work supported in part by the NASA HQ Grant, #NAG5-4576 and by NAI Central.
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The search for extraterrestrial life was discussed at the Space Generation Forum (SGF) at
UNISPACE-III. The Search For Extraterrestrial Intelligence (SETI) and astrobiology
have been a main area of activity for students and young professionals in recent years.
Ideas, recommendations, and visions for astrobiology and SETT are being further
developed at the Space Generation Summit (SGS), an event at the 2002 World Space
Congress (WSC) that will unite international students and young professionals to develop
a youth vision and strategy for the peaceful uses of space. SGS, endorsed by the United
Nations, took place from October 11" to 13", 2002. The 200 SGS delegates addressed a
variety of technical, economic, and political space issues with the goal of devising new
recommendations according to the theme, 'Accelerating Our Pace in Space' to bring
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forward to the International Space Policy Summit and the United Nations. The abstract
presented here will highlight the findings of the vision document created by the SGS
delegates who served on the SETI and Astrobiology Focus Group and introduce an
international opportunity to unite young professionals in SETI and astrobiology
communities.

The SETI and Astrobiology Focus Group at SGS discussed the need to increase public
awareness of the search for life initiative (SFL) on a global scale. The search for life has
little relevance on the day-to-day activities of individual people all over the world. People
often feel alienated from this subject because they feel the lack of knowledge or technical
background to form an opinion, or they may have a strong opinion based on little
scientific knowledge about the subject. In order to increase public support for
international research on the search for life activities, the public must have access to new
information regarding current research. We must take the current research and make it
more accessible to the global public in order to “Accelerate Our Pace In Space”.

The vision statement created by the delegates is this: “To unite and motivate the global
community in the effort to seek evidence for extraterrestrial life, by understanding the
social and cultural importance of this endeavor.” The key recommendation of the SGS
working group was to create a Humanics Implementation Group within the Space
Generation Advisory Council (SGAC). The aim of this group would be to research public
awareness, understand enthusiasm regarding the SFL initiative, and to work upon the
means to improve both.

To be successful in this enormous task, the Humanics Implementation Working Group

will need to seek participation, endorsements, and support from the existing SFL
scientific communities all over the world.
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Abstract # 12698 - Graduate/Senior Course in “Alien Cultures: Dialog
Between Astrobiology, Science, and Society”

Bruce M. Jakosky

Laboratory for Atmospheric and Space Physics
and Department of Geological Sciences
University of Colorado at Boulder
392 UCB
Boulder, CO 80309-0392
USA
bruce.jakosky @lasp.colorado.edu

Kathryn F. Eason
Laboratory for Atmospheric and Space Physics
University of Colorado at Boulder
392 UCB
Boulder, CO 80309-0392
USA

Astrobiology and the potential for life elsewhere generate widespread interest with the
public. They also represent one of the intellectual drivers of NASA’s solar system
exploration program, as outlined in the recent NRC decadal report. We have the
opportunity to take advantage of this interest by using astrobiology as a hook through
which we can educate the public on the meaning of science, the value of basic research
and exploration, and the broader roles of science in our society today. However, these
topics are usually not discussed within the science community or in the teaching of future
scientists at either the undergraduate or graduate levels, so that astrobiologists are not
well positioned to take on this task. We have attempted to fill this gap with a graduate
and senior-level course on the nature of science and society, intended for science majors
and incipient scientists.

Topics that we discuss include a brief introduction to the science of astrobiology, the
nature of science and philosophy of science as applied to astrobiology, the religious
issues connected to life elsewhere, the history of science and the popular and scientific
interest in extraterrestrial life, the definition of life, the recent history of astrobiology (the
rise of exobiology, the Viking biology experiments, the ALH84001 controversy, the
relationship between astrobiology and solar-system exploration, etc.), the nature of
sentience and the potential for extraterrestrial intelligence, the interactions between the
sciences and the humanities, the cultural influence of astrobiology (including science
fiction, movies and TV, UFOs, and the Face on Mars), and the philosophical significance
of finding or not finding life elsewhere.

The approach of the class is to discuss the relationship between science and society, from
the perspective of the practicing scientist. Although undergraduate and graduate students
usually are not well trained in the philosophical, historical, or societal issues, the students
can play an important role in addressing the boundary between the doing of science and

the influence that the science has on society. The goal is to eventually foster a true dialog
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between scientists and non-scientists, and to encourage scientists to think about the
broader implications for non-scientists of astrobiology research.

Readings from the class include original literature in the areas of philosophy of science
(Popper, Kuhn, Feyerabend), history of science (Aristotle, Plato, Darwin), religion (Pope
John Paul II), history of astrobiology (the scientific literature dealing with Viking,
ALH84001), current status of astrobiology (the recent NRC reports on astrobiology), and
science and society (C.P. Snow), as well as synthesis and integration of the issues by
modern scholars.

An outline of the course and a complete listing of readings is available from the authors.
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Abstract # 12722 - Origin and Evolution of the
UCLA Astrobiology Society

Geoff Robertson
UCLA AstroBiology Society
University of California, Los Angeles
3684 Geology Building, Los Angeles, CA 90095
USA
goraff@hotmail.com

Dan Fingal
UCLA AstroBiology Society

University of California, Los Angeles
USA

Laurel Methot
UCLA AstroBiology Society
University of California, Los Angeles
USA

Jason Finley
UCLA AstroBiology Society

University of California, Los Angeles
USA

Co-sponsored by the NASA Astrobiology Institute (NAI) at UCLA and the Center for the
Study of Evolution and the Origin of Life (CSEOL), the UCLA Astrobiology Society
(ABS) was founded in 1999 to become the first student-run organization devoted to
astrobiology. An interdisciplinary group, ABS unifies undergraduates, graduate students,
and faculty of all fields through events and discussions centered on the diversity of
themes that compose astrobiology science.

ABS provides particular benefit to NAI's Education and Public Outreach efforts as a
means of increasing awareness of and appreciation for astrobiology, particularly in the
college community. The society’s outreach activities include a monthly newsletter, future
research opportunities for undergraduates, an upcoming astrobiology-themed symposium
open to the public, and a joint project with the Space Frontier Foundation aimed at high
school students. Additionally, ABS is doing research for NAI's Astrobiology Pathfinder
program, which will help students at all stages to become astrobiologists. A greater goal
of the organization involves networking to seed astrobiology societies on other college
campuses nation-wide.
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Abstract # 12725 - Astrobiology in High School Classrooms

Joyce E. Patterson Stark
Sunnyside High School
11108. 6"
Sunnyside, Washington 98944
USA
jepstark@bentonrea.com

Véronique Robigou

School of Oceanography

University of Washington
USA

The REVEL Project, an education and outreach program in Oceanography at the
University of Washington, integrates middle to high school science teachers into deep-sea
research cruises that study the spectrum of processes associated with submarine
volcanism. The scope of this cutting-edge research encompasses a wide variety of
scientific problems that range from the origin of life to new aspects of biotechnology. For
example, recent research indicates that in the presence of liquid water, volcanoes on the
seafloor can sustain life-forms without sunlight. By inference, volcanoes on other planets
may sustain similar life-forms. REVEL explores the relationship between different types
of volcanoes and life on Earth, one aspect of the new exciting field of astrobiology, the
study of life in the Universe. Using the central concept of volcanism and life, the program
trains teachers and their classes in today's scientific quest.
http://www.ocean.washington.edu/outreach/revel

Since 1996, the project has provided science teachers opportunities to explore the nature
of mid-ocean ridge volcanism and the life it supports along the Juan de Fuca spreading
center in the Pacific Ocean. Through the program, science educators practice the
scientific process through direct interaction and collaboration with scientists on board
research cruises. As a result of their combined, sea-going and research experiences,
educators inject into the classroom issues and ideas associated with this rapidly growing
research effort. They develop new ways to bring the study of earth, ocean, planetary, and
life processes in the solar system into the classroom through their first-hand exposure to
research into the unknown.

Students at Sunnyside High School in Sunnyside, Washington designed and implemented
astrobiology research activities under the guidance of their science teacher, a REVEL
1999 participant. The science educator initiated preliminary research questions for a
research project she worked on during a REVEL cruise. Upon return to the classroom,
she not only shared science content on extreme environments with students, but also the
steps researchers take during the research process fostering the creation of students’
scientific investigations for the school year. The three astrobiology problems addressed
by the students will be presented with detailed descriptions of the experimental
procedures selected to collect data and the results obtained by students.
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* How does a simulated Martian atmosphere affect stomatal density and growth of
astroplants (Brassica rapa)?

This experiment was designed to demonstrate how an enriched atmosphere of carbon
dioxide would affect leaf stomatal density, leaf surface area, root length, plant height and
biomass.

* Can yeast survive in extreme environments on Earth, Mars, and Europa?

To simulate extreme environments such as deep-sea, hydrothermal systems on Earth or
conditions that might be found on Mars and Europa, yeast cells were exposed to varying
levels of pressure, hydrogen sulfide, and low temperatures.

* What are the effects of extreme environments on cellular physiology?

The objective of this experiment was to determine the effects of extreme environments

(including pressure, vacuum, low temperatures, ultraviolet light, and hydrogen sulfide) on
enzyme kinetics, membrane permeability, and photosynthetic activity.
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Abstract # 12731 - UCLA Astrobiology Society Pathfinder Group

Lila Farrington
Institute of Geophysics and Planetary Physics
University of California, Los Angeles
3806 Geology Building, Los Angeles, CA 90095
USA
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Sabrina Mayerberger
Institute of Geophysics and Planetary Physics

University of California, Los Angeles
USA

Cynthia Aguilar
Institute of Geophysics and Planetary Physics

University of California, Los Angeles
USA

Kyoo Hyung Choe
Institute of Geophysics and Planetary Physics

University of California, Los Angeles
USA

The NASA Astrobiology Institute (NAI) has received many letters and emails requesting
advice on how to become an astrobiologist. In order to provide useful and personally
relevant responses to these questions, the NAI Education and Public Outreach (E/PO)
program designed the Astrobiology Pathfinder feature. The Astrobiology Pathfinder is an
online, searchable database that provides information on astrobiology-related courses and
programs available in each state and profiles people working in the field of astrobiology.
UCLA'’s Astrobiology Society Pathfinder group (UCLA ABS) contributes college course
and program information to the content of the Astrobiology Pathfinder feature. The
society is comprised of a group of student researchers from the University of California at
Los Angeles (UCLA) and is supported by the NASA Astrobiology Institute (NAI).
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Abstract # 12746 - Laboratory Training Courses Related to Astrobiology
at the Marine Biological Laboratory, Woods Hole, MA

Lorraine Olendzenski
Josephine Bay Paul Center
Marine Biological Laboratory
7 MBL St., Woods Hole, MA 02543
USA
olendzenski@evol5.mbl.edu

The Marine Biological Laboratory, Woods Hole, MA provides training opportunities for
teachers as well as advanced graduate students, postdoctoral scientists, and researchers in
areas related to astrobiology. Our teacher enhancement workshops allow middle and
high school teachers first-hand exposure to current astrobiology topics presented by
active research scientists. Teachers also spend significant time in the laboratory and gain
hands-on experience with essential lab and teaching techniques, plus available classroom
activities. At present, we are able to offer workshop opportunities three times a year.
These include: Living in the Microbial World, a one week intensive workshop focusing
on microbial diversity and evolution; Life and Living in Space, a 3.5 day workshop
which features content and activities in planetary protection issues and general
astrobiology concepts; and a one day workshop focusing on a single aspect of
astrobiology research. This year's Astrobiology Workshop focused on extremophiles.
Using an inquiry format, teachers had the opportunity to directly view results from
experiments on thermophiles and hyperthermophiles, halophiles, acidophilic eukaryotes,
and UV exposure experiments. From these, participants designed and carried out further
experiments based on their own questions formulated as a result of their laboratory
observations.

Two advanced training opportunities are available to researchers who want to take
advantage of comparative molecular and genomic approaches to address questions of
phylogeny, early evolution, or ecology. The Workshop on Molecular Evolution brings
together a world-renowned faculty to present lectures and lead laboratory sessions on the
most current methods of molecular phylogenetic analyses. The workshop features a well-
equipped laboratory with Linux and Unix workstations and servers while authors and
experts in the use of computer programs such as Clustal W and Clustal X, FASTA, GCG,
LAMARC, MrBayes, PAML, PAUP*, and PHYLIP provide demonstration and
consultation. Lecture topics include databases and database searching; theoretical,
mathematical, and statistical bases of phylogenetic analysis; microbial evolution,
estimating divergence times, and population biology; biogeography; ecology; systematics
and comparative genomics, including genome content, structure, and evolution.

Advances in Genome Technology and Bioinformatics is a comprehensive, four-week
course in genome science that integrates bioinformatics with the latest laboratory
techniques for genome sequencing, genome analysis, and high throughput gene
expression (DNA microarrays). A distinguished faculty from major universities,
bioinformatic centers, The Institute for Genomic Research (TIGR) and the Marine
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Biological Laboratory trains students in the latest laboratory and computer techniques.
The major instructional modules include: 1) Genome Sequencing (vector development,
library construction, high throughput sequencing technologies, principles of automation
using advanced robotic liquid handlers, genome assembly algorithms and closure
strategies); 2) Bioinformatics (gene prediction algorithms, annotation, database
construction and searching, phylogenetics, and molecular evolution); and 3) Functional
Genomics (DNA microarrays, data analysis). Symposia focusing on Environmental and
Evolutionary Genomics , Eukaryotic Microbial Genome Projects, Organelle Evolution
and other topics are also featured.

Further information about each of these courses can be found at http://courses.mbl.edu
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Abstract # 12797 - Cosmic Origins:
A Traveling Science Exhibit and Education Program

Paul B. Dusenbery
Space Science Institute
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Space Science Institute
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Space Science Institute
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USA

The Space Science Institute of Boulder, Colorado, is developing a 3,000 square-foot
traveling exhibition, called Cosmic Origins, which will bring origins-related research and
discoveries to students and the American public. Cosmic Origins will have three
interrelated exhibit areas: Star Birth, PlanetQuest, and Search for Life: Are We Alone?
Exhibit visitors will explore the awesome events surrounding the birth of stars and
planets; they will join scientists in the hunt for planets outside our solar system, including
those that may be in "habitable zones" around other stars; and finally they will be able to
learn about the wide range of conditions for life on Earth and how scientists are looking
for signs of life beyond Earth. Visitors will also learn about the tools scientists use, such
as space-based and ground-based telescopes, to improve our understanding of the
COSMOS.

Exhibit content will address age-old questions that form the basis of NASA's Origins and
Astrobiology programs: Where did we come from? Are we alone? In addition to the
exhibit, our project will include workshops for educators and docents at host sites, as well
as a public web site that will use a virtual rendering of exhibit content. The exhibit's size
will permit it to visit medium-sized museums in underserved regions of the country. It
will begin its 3-year tour to 9 host museums and science centers in early 2005. A second
3-year tour is also planned for 2008. The Association of Science-Technology Centers
(ASTC) will manage the exhibit's national tour. Current partners in the Cosmic Origins
project include ASTC, the Denver Museum of Nature and Science, Lawrence Hall of
Science, NASA Astrobiology Institute, NASA missions (e.g. PlanetQuest, SIRTF, and
Kepler), New York Hall of Science, the SETI Institute, the Space Telescope Science
Institute, and TERC. The exhibition is supported by grants from NSF and NASA.
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Abstract # 12834 - Increasing Minority Involvement in Astrobiology
Research, Education and Outreach

Todd Gary

Center of Excellence in Information Systems
Tennessee State University

USA

Benita Bell

Department of Chemistry
Bennett College
USA

During the Astrobiology Conference held at NASA Ames in April 2002, less than 1% of
the 800 attendees were African-American. To increase the visibility and participation of
under-represented scientists, The Minority Institution Astrobiology Collaboratory
(MIAC) was formed. This organization is a “virtual collaboration” of faculty and
students from 10 minority institutions focused on achieving common educational and
research goals in astrobiology. These goals include: (1) developing astrobiology course
work and educational outreach that will attract significant numbers of minority students
into the field of astrobiology; (2) creating and enhancing research opportunities in
astrobiology for minority students; (3) providing a forum for student presentations and
publications in astrobiology; (4) nurturing a collaborative research environment in
minority institutions to make them competitive enough to become a NASA Astrobiology
Institute (NAI) Lead Team by 2007; and (5) building a successful model for
collaborations among scientists and educators at minority institutions (MlIs) that results in
funding peer-reviewed publications and shared resources which benefit minority students.

In addition to describing MIAC, Dr. Gary will describe his role as one of the first
participants in the NAI-sponsored minority faculty sabbatical in astrobiology. His
sabbatical focused on genomic evolution and was spent at UCLA in the laboratory of Dr.
James Lake, a pioneer in our understanding of the ribosome structure and molecular
evolution. Specifically, Dr. Gary learned and applied computational methods to
determine the evolutionary relationships between cryptochromes in plants, animals, and
bacteria. Cryptochromes are photosensory receptors that mediate various light responses
in plants and animals, such as those regulating the flowering time in plants and regulating
the circadian clock in animals.
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Abstract # 12836 - Education and Public Outreach at the
Penn State Astrobiology Research Center
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PA Space Grant Consortium
Pennsylvania State University
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Pennsylvania State University
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The major goal of the research being conducted at the Penn State Astrobiology Research
Center (PSARC) is to increase our understanding of the connection between the changes
in the environment of the early Earth and the changes in the biota on Earth, especially
during the period between 4.5 billion to 500 million years ago.

This presentation will outline several of the education and outreach activities being
carried out by the Penn State Astrobiology Research Center (PSARC). Program activities
target undergraduate students, K-12 educators and students, and the general public.

Higher Education

Astrobiology Minor: Undergraduate students at Penn State can earn a Minor in
Astrobiology. The program requires 18 credit hours of courses from the Departments of
Geosciences, Astronomy & Astrophysics, Biology, Microbiology, and Biochemistry &
Molecular Biology with at least 6 credits at the 400-level.

WISER (Women In Science & Engineering Research): First-year undergraduate students
gain invaluable experience and mentoring from PSARC scientists in this research
internship program, which is designed to retain women students in the science and
engineering fields.

K-12 Education

Teacher Workshop: An annual five-day residential workshop for 6-12 grade teachers in
life science, chemistry, earth science, and space science. The workshop is designed to
provide teachers with astrobiology content knowledge as well as inquiry-based activities
for use in the classroom. The teachers interact directly with several of the PSARC co-
investigators through research presentations, laboratory tours, and field trips.

WISE Camp: An annual two-week residential program for young women in the 11"-12"
grade. PSARC investigators participate by involving the students in hands-on workshops
during the first week and week-long projects during the second week.
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“What’s In The News?”: PSARC scientists work with Penn State Public Broadcasting to
introduce the exciting field of astrobiology through this multimedia children’s current
events program. Aimed primarily at grades 4-7, the weekly programs reach more than
five million children in thirty two states across the country. Along with the broadcasts,
the program provides printed support materials, a newspaper column, instructional Kits,
and web-based information and activities that offer a range of resources for both teachers
and students. The online component of the program is archived online at this website:
http://witn.psu.edu/2223/  Two astrobiology segments have been produced:

= "Alien Hunting," aired on March 3, 2000

= "The Stories Rock Tell: Learning about Early Earth," aired Sept. 21, 2001

General Public

Astrobiology Supplement: Penn State hosted a series of Saturday public lectures on
Astrobiology. The standing-room-only series featured NAI scientists from Penn State,
Harvard, and the University of Colorado, as well as scientists from the SETI Institute and
Rice University. The lecture series was captured in an outstanding article by Research
Penn State magazine entitled "Astrobiology: The Search for Life in the Universe." The
publication is available as a separate magazine supplement and is appropriate for
educators, students, researchers, and the community at large.

Website: http://www.research.psu.edu/rps/0101/Astrobiology.pdf

Space Day at Penn State: PSARC participates in this annual one-day event designed to
showcase the exciting space-related research being carried out at Penn State. PSARC
members help introduce the field of astrobiology to students of all ages by engaging them
in hands-on activities and exhibiting technical posters. During the 2002 celebration,
students in the Penn State Science Education Program collaborated with PSARC
researchers to develop activities.
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Abstract # 12878 - Astrobiology Research, Education and Outreach at
Tennessee State University, a Historically-Black University
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Tennessee State University (TSU) is one of the few minority institutes with a significant
publication record in astrobiology. This involves searching for extrasolar planets. In late
1999, Greg Henry, an astronomer at TSU, was the first to detect a transit of an extrasolar
planet (Henry, G. W., et.al. “A Transiting 51 Peg-like Planet," Astrophysical Journal
529, L41, 2000.) and more recently directly detect another extrasolar planet around
55Cancri. In addition to the involvement of TSU astronomers, TSU biologists have
begun research in Astrobiology. One TSU biologist has just completed a NAI sponsored
faculty fellowship program in Astrobiology at UCLA.

Tennessee State University has built a reputation for offering outstanding programs in
space science education for teachers and students, including teacher workshops in
astrobiology. Astrobiology is a relatively new and exciting area of scientific discovery
and has captured the attention of our community. Because of Tennessee State
University’