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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
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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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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.

70 Special Session II: Evolutionary Genomics



NAI General Meeting 2003

Abstract # 12821 - Evidence for an Ancient Operon of Redox Biochemistry

Janet L. Siefert
Department of Statistics
Rice University
Houston, Texas77251-1892
USA
siefert@stat.rice.edu

James F. Kasting
Department of Geosciences
Pennsylvania State University
University Park, PA 16802
USA

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 ne