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Course Objective: This second semester of a two-semester graduate course will focus on the physical and chemical processes that led from the nonliving prebiotic world to our present living planet.  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.  The primary focus will be on major advances of the past two decades, with an emphasis on advances of the past 5 years.

Building on readings from the first semester, which focused on research related to the prebiotic physical and chemical environment of the early Earth, we will consider theories of life’s origin.  Much of this treatment will, of necessity, emphasize the “bottom-up” chemical processes of synthesis and molecular organization.  But we will also examine aspects of the “top-down” approach, including cellular metabolic strategies, Archaean paleontology, and molecular phylogeny.   The course will conclude with a survey of the frontiers of astrobiology, including the search for extraterrestrial 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 II: COURSE OUTLINE

I. Historical overview and review of the first semester

II. Synthesis and self-assembly of lipid vesicles

1. Deamer and Pashley (prebiotic lipid self-assembly)

2. Kvenvolden et al. (prebiotic synthesis of lipids)

3. Morowitz (oil slick hypothesis)

4. Gruner et al. (effects of pressure on lipid self-assembly)
III. The lipid world, self-assembly of vesicles, and the minimum 

protocell

1. Deamer and Fleischaker, pages 227-290
2. Morowitz (minimum protocell) 

3. Luisi et al. (lipid world)

4. Dobson et al. (2000) on aerosol synthesis
IV. Metabolism versus information

1. Dyson, Origin of Life
2. Morowitz, Beginnings of Cellular Life
V. Metabolic strategies of life (Nealson, Scott, Schultz)

1. Nealson et al.

2. Schultz et al.

3. Seta et al.

4. Wilson et al.

VI. Biochemical information: introduction to the “RNA world” theory

1. Lahav: Chapter 17

2. Deamer and Fleischaker: pages 337-358.

VII. Synthesis and oligimerization of RNA and its precursors 

1. Deamer and Fleischaker: pages 359-402

2. Inoue, Schwartz, Tjivikua, Cech, Joyce

VIII. Emergence and the Origin of Life

1. Holland, Emergence (1998)

2. Chaisson, Cosmic Evolution (2001)
3. Johnson, Emergence (2001)

4. Morowitz, Emergence (2002)

5. Hazen (2001)

IX. Auto-catalytic cycles and self-replicating molecular systems 

1. Eigen (Hypercycles)

2. Ghadiri (self-replicating proteins)

3. Fox (self-replicating DNA)

X. Natural selection at the levels of organisms and molecules

1. Darwin, Origin of Species
2. Szostak et al. and Unrau et al. (natural selection in competitive RNA systems)

XI. Top-Down Approach: Precambrian Microbes

1. Schopf, Cradle of Life (2000)

2. Knoll et al. (1999)

XII. Top-Down Approach: Molecular Phylogeny

1. Woese and Fox (1977)

2. Woese (1998)

3. N. R. Pace (1997)

4. Doolittle et al and Gogarten et al. on lateral gene transfer

XIII. The search for extraterrestrial life and biomarkers 

1. Nealson et al. (search strategies)

2. Farmer et al. (Biomarkers on Mars)

3. NASA mission planning documents

XIV. Frontiers of Astrobiology

We’ll read the abstract book for the current year’s NASA Astrobiology Institute General Meeting

