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INTRODUCTION

The Planetary Biology Program, within the Office of Space
Science of the National Aeronautics and Space Administration, is
the first and only integrated program to methodically investigate
the planetary events which may have been responsible for, or related
to, the origin, evolution, and distribution of life in the universe.
Research supported by this program is divided into the seven areas
listed below together with a statement of the principal objective of
each research area.

Chemical Evolution - To understand how biologically significant
organic molecules are synthesized under conditions presumed to have
existed on the primitive Earth before the advent of 1life or which
may presently exist on other planets.

Organic Geochemistry ~ To analyze terrestrial and extraterrestrial
material for organic molecules, biological structures, and other
clues to the origin(s) of life on this and other planets.

Life Detection - To develop and implement techniques to search
for, detect, and characterize life and life-related molecules on this
and other planets.

Biological Adaptation - To understand the adaptive mechanisms
used by terrestrial organisms to survive and/or grow in envirommental
extremes approaching those on other planets.

Bioinstrumentation - To design, develop, and test prototype
spaceflight instruments which will be used to detect and characterize
life and life-related molecules on the surface and in the atmosphere
of other planets.

Planetary Environments - To develop analytical techniques which
measure environmental parameters on other planets which are relevant
to the search for life,.

Origin of Life - To identify the sequence of events leading from
the putative complex organic milieu in the primordial terrestrial.
oceans to the origin of the first living systems.

The arrangement of references in this bibliography follows the
division of research described. Articles are listed alphabetically by
author under the research area with which they are most closely related.
Only those publications which resulted from research supported by the
Planetary Biology Program and which bear a 1977 publication date have
been included. Abstracts, theses, and presentations are not included
because of the preliminary and abbreviated nature of the former and
the frequent difficulty of obtaining the latter.



Our intent in compiling this bibliography is twofold. First,
we would like to provide the scientific community with an annual
listing, beginning with 1975, of current publications resulting from
research pursued under the auspices of NASA's Planetary Biology
Program. Secondly, we hope to stimulate the exchange of information
and ideas among scientists working in the different areas of the
program. To facilitate the exchange process, we have identified, by
asterisk, the author of each publication who is presently participating
in the program. Current addresses for all principal investigators
are given in the Appendix.

We wish to thank all the participants of the Planetary Biology
Program for their cooperative response to our request for an
enumeration of their 1977 publications.



Chemical Evolution

Atreya, S.K., T.M. Donahue, and W.R. Kuhn*. The distribution of ammonia
and its photochemical products on Jupiter. Icarus 31(3): 348-355.
July 1977.

Biemann*, K., J. Oro*, P. Toulmin, L.E. Orgel*, A.0. Nier, D.M. Anderson,
P.G. Simmonds, D. Flory, A.V. Diaz, D.R. Rushneck, J.E. Biller, and
A.L. Lafleur. The search for organic substances and inorganic

volatile compounds in the surface of Mars. Journal of Geophysical
Research 82(28): 4641-4658. September 30, 1977.

Binder, A.B., R.E. Arvidson, E.A. Guinness, K.L. Jones, E.C. Morris,
T.A. Mutch, D.C. Pieri, and C. Sagan*. The geology of the Viking
Lander 1 site. Journal of Geophysical Research 82(28): 4439-4451.
September 30, 1977.

Bonner*, W.A., M.A. Van Dort, M.R. Yearian, H.D. Zeman, and G.C. Li.
Polarized electrons and the origin of optical activity. Israel
Journal of Chemistry 15: 89-95. 1976/1977.

Bragin, J., M. Diem, D. Guthals, and S. Chang*. The vibrational spectrum
and lattice dynamics of polycrystalline ammonium hydrosulfide.
Journal of Chemical Physics 67(3): 1247-1256. August 1, 1977.

Carhart, R.E., T.H. Varkony, and D.H. Smithl. Computer assistance for
the structural chemist. In: Smith, D.H., ed. Computer-Assisted
Structure Elucidation. Washington, D.C., American Chemical Society,
1977. (ACS Symposium Series 54) p. 126-145.

Chang*, S. and R.D. MacElroy. Possible nutrients and energy sources
available to contaminating terrestrial organisms on Jupiter. In:
Holmquist, R., ed. Life Sciences and Space Research, Volume XV.
Proceedings of the Open Meeting of the Working Group on Space Biology
of the 19th Plenary Meeting of COSPAR, Philadelphia, Pennsylvania,
June 8~19, 1976. New York, Pergamon Press, 1977. p. 89-93.

Ehler, K.W., E. Girard, and L.E. Orgel*. Reactions of polyfunctional
amino acids with N,N'-carbonyldiimidazole in aqueous solution --
oligopeptide formation. Biochimica et Biophysica Acta 491: 253-264.
March 28, 1977.

Ehrlichl, S.D. Replication and expression of plasmids from Staphylococcus
aureus in Bacillus subtilis. Proceedings of the National Academy of
Sciences of the U.S.A. 74(4): 1680-1682. April 1977.
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Eichberg, J., E. Sherwood, D.E. Epps, and J. Oro*. Cyanamide mediated
syntheses under plausible primitive Earth conditions. IV. The
synthesis of acyglycerols. Journal of Molecular Evolution 10(3):
221-230. 1977.

Elliot, J.L., R.G. French, E. Dunham, P.J. Gierasch, J. Veverka,
C. Church, and C. Sagan*. Occultation of ¢ geminorum by Mars:
Evidence for atmospheric tides? Science 195(4277): 485-486.
February 4, 1977.

Elljot, J.L., R.G. French, E. Dunham, P.J. Gierasch, J. Veverka,
C. Church, and C. Sagan*. Occultation of ¢ geminorum by Mars. II.
The structure and extinction of the Martian upper atmosphere.
Astrophysical Journal 217(2, Pt. 1): 661-679. October 15, 1977.

Ferris*, J.P., P.C. Joshi, and J.G. Lawless. Chemical evolution. XXIX.
Pyrimidines from hydrogen cyanide. BioSystems 9(2,3): 81-86.
September 1977.

Ferris*, J.P., C. Nakagawa, and C.T. Chen. Photochemical synthesis of
organic compounds on Jupiter initiated by the photolysis of
ammonjia. In: Holmquist, R., ed. Life Sciences and Space Research,
Volume XV. Proceedings of the Open Meeting of the Working Group on
Space Biology of the 19th Plenary Meeting of COSPAR, Philadelphia,
Pennsylvania, June 8-19, 1976. New York, Pergamon Press, 1977.
p. 95-99.

Flores, J.J., W.A. Bonner*, and G.A. Massey. Asymmetric photolysis of
(RS)-leucine with circularly polarized ultraviolet light. Journal
of the American Chemical Society 99(11): 3622-3625. May 25, 1977.

Flores, J.J., W.A. Bonner*, and M.A. Van Dort. The gas chromatographic
resolution of DL-isovaline. Journal of Chromatography 132(1): 152-
154. February 1, 1977.

Folsome*, C. The permuted generator hypothesis for the origin of a
genetic code. Origins of Life 8(4): 391-392. December 1977.

Folsome*, C. Reply [concerning the role of organic microstructures and
the origin of cellular life]. Naturwissenschaften 64(7): 381.
July 1977.

Frick, U. and S. Chang*, Ancient carbon and noble gas fractionation.
In: Proceedings of the Eighth Lunar Science Conference, Volume 1,
Houston, Texas, March 14-18, 1977. New York, Pergamon Press,
1977. p. 263-272.

Griffith, E.J., C. Ponnamperuma*, and N.W. Gabel. Phosphorus, a key to
life on the primitive Earth. Origins of Life 8(2): 71-85. August
1977.




Hanel, R., B. Conrath, D. Gautier, P. Gierasch, S. Kumar, V. Kunde,
P. Lowman, W. Maguire, J. Pearl, J. Pirraglia, C. Ponnamperuma*,
and R. Samuelson. The Voyager infrared spectroscopy and radiometry
investigation. Space Science Reviews 21(2): 129-157. November
1977.

Holzer, G. and J. Oro*. Pyrolysis of organic compounds in the presence
of ammonia. The Viking Mars Lander site alteration experiment.
Organic Geochemistry 1(1): 37-52. November 1977.

Isaacman, R. and C. Sagan*. Computer simulations of planetary accretion
dynamics: Sensitivity to initial conditions. Icarus 31(4): 510-533.
August 1977.

Kavasmaneck, P.R. and W.A. Bonner*. Adsorption of amino acid derivatives
of d- and 1-Quartz. Journal of the American Chemical Society 99(1):
44-50. January 5, 1977.

Khare, B.N. and C. Sagan*. On the temperature dependence of possible
Sg infrared bands in planetary atmospheres. Icarus 30(1): 231-233.
January 1977.

Kuhn*, W.R., S.K. Atreya, and S. Chang. The distribution of methylamine
in the Jovian atmosphere. Geophysical Research Letters 4(5): 203-
206. May 1977.

Levine, J.S., D.R. Kraemer, and W.R. Kuhn*. Solar radiation incident on
Mars and the outer planets: Latitudinal, seasonal, and atmospheric
effects. Icarus 31(1): 136-145. May 1977.

Levinthal, E.C., K.L. Jones, P. Fox, and C. Sagan*. Lander imaging as a
detector of life on Mars. Journal of Geophysical Research 82(28):
4468-4478, September 30, 1977.

Lohrmann, Rl. Formation of nucleoside 5'-phosphoramidates under potentially
prebiological conditions. Journal of Molecular Evolution 10(2): 137-
154. 1977.

McLean, A.D., G.H. Loew*, and D.S. Berkowitz. Structures and spectra of
the isomers HNCO, HOCN, HONC, and HCNO from ab initio quantum
mechanical calculations. Journal of Molecular Spectroscopy 64(2):
184-198. February 1977.

Miquel, J., J. Oro*, K.G. Bensch, and J.E. Johnson, Jr. Lipofuscin:
Fine structural and biochemical studies. In: Pryor, W.A., ed.
Free Radicals in Biology, Volume III. New York, Academic Press,
1977. p. 133-182.
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Mizutani, H. and C. Ponnamperuma*. The evolution of the protein
synthesis system. I. A model of a primitive protein synthesis
system. Origins of Life 8(3): 183-219. October 1977.

Nooner, D.W. and J. Oro*. Hydrocarbons and fatty acids in oil shale
of Permian Irati Formation, Brazil. In: Ponnamperuma, C., ed.
Chemical Evolution of the Early Precambrian. New York, Academic
Press, 1977. p. 69-79.

Nooner, D.W., E. Sherwood, M.A. More, and J. Oro*. Cyanamide mediated
syntheses under plausible primitive Earth conditions. III. Synthesis
of peptides. Journal of Molecular Evolution 10(3): 211-220. 1977.

Noyes, H.P., W.A. Bonner*, and J.A. Tomlin. On the origin of biological
chirality via natural beta~decay. Origins of Life 8(1): 21-23.
April 1977.

Orgel*, L.E. R-turns and the evolution of protein synthesis. In:
Bradbury, E.M. and K. Javaherian, eds. The Organization and
Expression of the Eukaryotic Genome. (Proceedings of the
International Symposium, Tehran, May 3-6, 1976) New York, Academic
Press, 1977. p. 499-504.

Oro*, J. El Origen de la Vida. Boletin Informativo 65: 3-25. 1977.

Oro*, J. Quimica Prebiologica y el Origen de la Vida: Una Vision
Personal. In: Cornudella, L., J. Oro, A. Sols, and C. Fernandez-
Heredia, eds. Avances de la Bioquimica. Barcelona, Salvat, 1977.
p. 515-541.

Oro*, J., S.L. Miller, and H.C. Urey. Energy conversion in the context
of the origin of life. In: Buvet, R., M.J. Allen, and J.P. Massué,
eds. Living Systems as Energy Converters. (Proceedings of the
Conference, Pont-i-Mousson, France, October 18-22, 1976) Amsterdam,
North-Holland, 1977. p. 7-19.

Owen, T., K. Biemann*, D.R. Rushneck, J.E. Biller, D.W. Howarth, and
A.L. Lafleur. The composition of the atmosphere at the surface of
Mars. Journal of Geophysical Research 82(28): 4635-4639. September
30, 1977.

Pollock*, G.E., C.-N. Cheng, and S.E. Cronin. Determination of the D
and L isomers of some protein amino acids present in soils.
Analytical Chemistry 49(1): 2-7. January 1977.

Pollock*, G.E., R. Day, S. Kinsey, and S.L. Miller. Detection of
optical asymmetry in amino acids by gas chromatography for extra-
terrestrial space exploration: Results of a new soil processing
scheme with breadboard instrumentation. In: Holmquist, R., ed.
Life Sciences and Space Research, Volume XV. Proceedings of the




Open Meeting of the Working Group on Space Biology of the 19th
Plenary Meeting of COSPAR, Philadelphia, Pennsylvania, June 8-19,
1976. New York, Pergamon Press, 1977. p. 27-34.

Ponnamperuma*, C., A. Shimoyama, M. Yamada, T. Hobo, and R. Pal.
Possible surface reactions on Mars: Implications for Viking biology
results. Sc¢iénce 197(4302): 455-457. July 29, 1977.

Sagan*, C. The Dragons of Eden: Speculations on the Evolution of Human
Intelligence. New York, Random House, 1977. 263 p.

Sagan*, C. Exploration of the planets. An invited discourse presented
before the Sixteenth General Assembly of the International Astrono-
mical Union, Grenoble, France, August 1976. In: Miiller, E.A., ed.
Highlights of Astronomy, Volume 4 (Part 1). Dordrecht, Holland,

D. Reidel, 1977. p. 37-67.

Sagan*, C. Reducing greenhouses and the temperature history of Earth
and Mars. Nature 269(5625): 224-226. September 15, 1977.

Sagan*, C., D. Pieri, P. Fox, R.E. Arvidson, and E.A. Guinness. Particle
motion on Mars inferred from the Viking Lander cameras. Journal of
Geophysical Research 82(28): 4430-4438. September 30, 1977.

Sherwood, E., A. Joshi, and J. Oro*. Cyanamide mediated syntheses under
plausible primitive Earth conditions. II. The polymerization of
deoxythymidine 5'-triphosphate. Journal of Molecular Evolution
10(3): 193-209. 1977.

Sherwood, E. and J. Oro*. Cyanamide mediated syntheses under plausible
primitive Earth conditions. I. The synthesis of pl, p2 dideoxythy-.
midine 5'-pyrophosphate. Journal of Molecular Evolution 10(3): 183-
192. 1977.

Smith, B.A., G.A. Briggs, G.E. Danielson, A.F. Cook, 2nd, M.E. Davies,
G.E. Hunt, H. Masursky, L.A. Soderblom, T.C. Owen, C. Sagan*, and

V.E. Suomi. Voyager imaging experiment. Space Science Reviews 21(2):
103-127. November 1977.

Smith, D.H., M. Achenbach, W.J. Yeager, P.J. Anderson, W.L. Fitch, and
T.C. Rindfleischl. Quantitative comparison of combined gas chro-
matographic/mass spectrometric profiles of complex mixtures.
Analytical Chemistry 49(11): 1623-1632. September 1977.

Toon, 0.B., J.B. Pollack, and C. Sagan*. Physical properties of the
particles composing the Martian dust storm of 1971-1972. Icarus
30(4): 663-696. April 1977.
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Van Dort, M.A. and W.A. Bonner*. The quantitative gas chromatographic
resolution of amino ester diastereomers. Journal of Chromatography
133(1): 210~213. March 11, 1977.




Organic .Geochemistry

Aldridge, A.K., P.W. Brooks, G. Eglinton, and J.R. Maxwelll. The
analysis of the hydrocarbons of petroleum. In: ‘The Genesis of
Petroleum and Microbiological Means for Its Recovery. (Proceed-
ings of the Microbiology Group Symposium, London, October 6, 1976)
London, Institute of Petroleum, 1977. p. 4-21.

Anderson, R., M. Kates, M.J. Baedecker, I.R. Kaplan*, and R.G. Ackman.
The stereoisomeric composition of phytanyl chains in lipids of
dead sea sediments. Geochimica et Cosmochimica Acta 41(9): 1381-
1390. September 1977.

Awramik, S.M. and E.S. Barghoorn*. The Gunflint microbiota. Precambrian
Research 5(2): 121-142. August 1977.

Baedecker, M.J., R. Ikan, R. Ishiwatari, and I.R. Kaplan*. Thermal
alteration experiments on organic matter in recent marine sediments
as a model for petroleum genesis. In: Yen, T.F., ed. Chemistry
of Marine Sediments. Ann Arbor, Michigan, Ann Arbor Science
Publishers, 1977. p. 55-72.

Barghoorn*, E.S. Eoastrion and the metallogenium problem. 1In:
Ponnamperuma, C., ed. Chemical Evolution of the Early Precambrian.
New York, Academic Press, 1977. p. 185-186.

Barghoorn*, E.S., A.H. Knoll, H. Dembicki, Jr., and W.G. Meinschein.
Variation in stable carbon isotopes 1in organic matter from the
Gunflint Iron Formation. Geochimica et Cosmochimica Acta 41(3):
425-430. March 1977.

Bloeser, B., J.W. Schopf*, R.J. Horodyski, and W.J. Breed. Chitinozoans
from the late Precambrian Chuar Group of the Grand Canyon, Arizona.
Science 195(4279): 676-679. February 18, 1977.

Brooks, P.W., J.N. Cardosa, B. Didyk, G. Eglinton, M.J. Humberston, and
J.R. Maxwelll. Analysis of lipid fractions from environmental and
geological sources by computerized GC-MS. In: Campos, R. and J.
Goni, eds. Advances in Organic Geochemistry, 1975. Madrid, Spain,
Enadimsa, 1977. p. 433-453.

Brooks, P.W., G. Eilinton, S.J. Gaskell, D.J. McHugh, J.R. Maxwell,
and R.P. Philpi. Lipids of recent sediments. Part II. Branched
and cyclic alkanes and alkanoic acids of some temperate lacustrine
and sub~tropical lagoonal/tidal-flat sediments. Chemical Geology
20(3): 189-204. September 1977.

1Calvin, M., Principal Investigator



Brooks, P.W., J.R. Maxwell, J.W. Cornforth, A.G. Butlin, and C.B. Milnel.
Stereochemical studies of acyclic isoprenoid compounds. VI. The
stereochemistry of farnesane from crude oil. 1In: Campos, R. and
J. Goni, eds. Advances in Organic Geochemistry, 1975. Madrid,
Spain, Enadimsa, 1977. p. 81-97.

Burlingamel, A.L. Assessment of the trace organic molecular composition
of industrial and municipal wastewater effluents by capillary gas
chromatography/real-time high resolution mass spectrometry: A
preliminary report. Ecotoxicology and Environmental Safety 1l: 111-
150. 1977.

Cardosa, J.N., G. Eglinton, and P. Hollowayl. The use of cutin acids in
the recognition of higher plant contribution to recent sediments.
In: Campos, R. and J. Goni, eds. Advances in Organic Geochemistry,
1975. Madrid, Spain, Enadimsa, 1977. p. 273-287.

de Leeuw, J.W., B.R. Simoneit, J.J. Boon, W.I.C. Rijpstra, F. de Lange,
J.C.W. Leeden, V.A. Correia, A.L. Burlingame, and P.A. Schenckl.
Phytol derived compounds in the geosphere. In: Campos, R. and
J. Goni, eds. Advances in Organic Geochemistry, 1975. Madrid,
Spain, Enadimsa, 1977. p. 61-79.

Francis, S., L. Margulis, W. Caldwell, and E.S. Barghoorn*. Comparison
of laboratory silicified blue-green algae with Precambrian micro-
organisms. In: Ponnamperuma, C., ed. Chemical Evolution of the
Early Precambrian. New York, Academic Press, 1977. p. 181-183.

Games, L.M. and J.M. Hayes*. Carbon isotopic study of the fate of
landfill leachate in groundwater. Journal of the Water Pollution
Control Federation 49(4): 668-677. April 1977.

Golubic, S. and E.S. Barghoorn*. Interpretation of microbial fossils
with special reference to the Precambrian. In: Fliigel, E., ed.
Fossil Algae: Recent Results and Developments. New York, Springer-
Verlag, 1977. p. 1-14.

Goodfellow, R.M., J. Cardosa, G. Eglinton, J.P. Dawson, and G.A. Bestl.
A faecal sterol survey in the Clyde estuary. Marine Pollution
Bulletin 8(12): 272-276. December 1977.

Hayes*, J.M., D.J. Des Marais, D.W. Peterson, D.A. Schoeller, and
S.P. Taylor. High precision stable isotope ratios and microgram
samples. In: Daly, N.R., ed. Advances in Mass Spectrometry, Volume
7. London, Institute of Petroleum, 1977.
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Hayes*, J.M. and D.A. Schoeller. High precision pulse counting:
Limitations and optimal conditions. Analytical Chemistry 49(2):
306-311. February 1977.

Hohn, M.E., M.J. Humberston, and G. Eglintonl. Storage and retrieval
of mass spectral information. Pure and Applied Chemistry 49(12):
1817-1825. 1977.

Ishiwatari, R., M. Ishiwatari, B.G. Rohrback, and I.R. Kaplan*. Thermal
alteration experiments on organic matter from recent marine sediments

in relation to petroleum genesis. Geochimica et Cosmochimica Acta
41(6): 815-828. June 1977.

Knoll, A.H. and E.S. Barghoorn*. Archean microfossils showing cell
division from the Swaziland System of South Africa. Science 198(4315):
396-398. October 28, 1977.

Masursky, H., A.L. Albee, G. Briggs, M.B. Duke, J.W. Schopf*, L. Soder~
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Nagy*, B. and L.A. Nagy. Organic matter in ancient sediments of the
Earth. Correlation of the Precambrian 1: 236-256. 1977.

Nagy*, B., L.A. Nagy, J.E. Zumberge, D.S. Sklarew, and P. Anderson.
Indications of a biological and biochemical evolutionary trend during
the Archean and Early Proterozoic. Precambrian Research 5(2): 109-
120. August 1977.

Peters, K.E., R. Ishiwatari, and I.R. Kaplan*. Color of kerogen as index
of organic maturity. American Association of Petroleum Geologists
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Division of Fuel Chemistry Preprints 22(3): 177-182. 1977.
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Ponnamperuma, C., ed. Chemical Evolution of the Early Precambrian.
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microbiotas: A preliminary analysis. Precambrian Research 5(2): 143-
173. August 1977.
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Life Detection
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