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Course Objective: This first semester of a two-semester graduate course will explore the diverse and growing literature of astrobiology. We will examine the current state of research and understanding of the origin and distribution of life on earth and the cosmos by focusing on the rich primary research literature, including portions of approximately 90 books and research articles.  A number of these readings will set the historical context of astrobiology research, but the primary focus will be on major advances of the past two decades.

This first semester will focus on research related to the prebiotic physical and chemical environment of the early Earth – the setting for life’s origin.  After an historical introduction, we will focus on aspects of prebiotic chemical synthesis, extreme environments of life on Earth and extra-terrestrial environments.  This examination of Earth’s prebiotic physical and chemical environment will set the stage for the second semester’s more detailed exploration of the chemical origin of life.

Course Textbooks: Two principal texts provide historical context and background for this course.  

1. Noam Lahav’s Biogenesis: Theories of Life’s Origin (NY: Oxford University Press, 1999) is a brilliant and comprehensive overview of the field.  Students from all scientific disciplines will achieve a common understanding through this introduction.  

2. Complementing Lahav is Origins of Life: The Central Concepts edited by David Deamer and Gail Fleischaker (Boston: Jones & Bartlett, 1993).  This text reprints 46 seminal papers in origin-of-life research.  

3. These required texts will be supplemented by readings from more than 60 additional research articles and monographs in the field.  The instructor will provide Xerox copies of these articles.

Course Structure: This course will be reading intensive.  Each week we will examine 6 to 8 key papers in a given subject area.  Each week students will be responsible for reading all of these works, as well as presenting an overview and leading a discussion of at least one of these papers.  In addition, many weeks we will spend a portion of the class period departing from the main topic to examine an important recent publication.  Grading will be based on attendance (1/4th), preparation (1/4th), presentations (1/4th) and participation (1/4th).

LITERATURE OF ASTROBIOLOGY I:

COURSE OUTLINE

I. Historical overview of origins research: vitalism, spontaneous generation, prebiotic synthesis and the definition of life.

1. Lahav: Preface, Prologue, Chapters 1-4, 11

2. Deamer and Fleischaker: Preface and Foreword

II. The warm little pond, the primordial soup, and 8 ways to make biomolecules

1. Lahav: Chapter 5

2. Deamer and Fleischaker: pages 3-82, including articles by Chamberlin & Chamberlin, Oparin and Haldane
III. Exogenous production and delivery of organics to Earth 

1. Lahav: sections of Chapters 12 and 15
2. Deamer and Fleischaker: pages 123-132, 209-226, including articles by Urey, Chyba, Anders, and Cronin 

3. Recent articles by Cody et al., Glavin et al. and Engel et al. on the Murchison meteorite

4. Bernstein et al. (1999) on organic synthesis in dense molecular clouds

IV. Early Earth’s Atmosphere and Environment 

1. Lahav: Chapter 13

2. Deamer and Fleischaker: pages 83-122, including articles by Urey, Levine, Kasting and Sleep

3. Sleep et al. on impact frustration

4. Recent articles by Kasting et al. and Ohmoto et al.
V. Prebiotic photochemistry I 

1. Lahav: Chapter 5

2. Deamer and Fleischaker: pages 133-158, including articles by Groth, Calvin, Miller and Oro

3. Wills and Bada, The Spark of Life
VI. Prebiotic photochemistry II (HCN synthesis and polymerization)

1. Lahav: Chapters 6 and 7, sections of Chapter 15

2. Deamer and Fleischaker: Pages 157-182, articles by Oro, Ferris and Pinto.
VII. Prebiotic photochemistry III (the role of phosphorus)

1. Lahav: Sections of Chapter 15

2. Deamer and Fleischaker: Pages 183-188, 191-208, articles by Westheimer, Ferris et al. and Hargreaves et al.

VIII. The protein world hypothesis (Fox hypothesis)

1. S.L.Fox, The Emergence of Life (1988)

2. Critiques of Fox and the “protein life” hypothesis

IX. Life in extreme environments (Corliss, chemolithoautotrophs)

1. Corliss et al. (1980, 1991)

2. Various articles on extremophiles

3. Gold, The Deep, Hot Biosphere
X. Aqueous environments in the solar system (Mars, Europa, etc.)

1. Recent articles on NASA’s Mars Global Surveyor

2. Recent articles on Europa and other Jovian moons
3. Evidence for water in meteorites and comets (the Frank controversy and Zolensky et al.)
XI. Minerals and the origin of life 

1. R.M.Hazen (2001)

2. J.V.Smith (1999)

3. J.Brandes (1998, 2001)

4. J.Ferris (several articles)

5. F. Freund (2001)

6. G. Arrhenius et al. (several articles)

XII. Cairns-Smith and “clay life”

1. Lahav: Chapters 20

2. Cairns-Smith, Genetic Takeover and the Mineral Origin of Life
XIII. Gunter Wachtershauser’s sulfide world I (theory and experiments)

1. Lahav: Chapter 21

2. Wachtershauser (1988; 1990; 1992)

3. Huber & Wachtershauser (1997)

4. Cody et al. (1999)

XIV. De Duve’s thioester world (Sulfide world II)

1. DeDuve, Vital Dust: Life as a Cosmic Imperative
2. Cody et al. (2001)

