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INTRODUCTION

The Exobiology Program, within the Office of Space Science and Applications of the
National Aeronautics and Space Administration, is an integrated program designed to
investigate those processes that may have been responsible for or related to the origin,
evolution, and distribution of life in the universe.

This report contains a listing of 1988 publications resulting from research supported by the
Exobiology Program. Our intent in compiling this report is twofold: We want to provide
the scientific community with an annual publication listing (as we have done since 1975) of
current NASA-supported research in this field, and we hope to stimulate the exchange of
information and ideas among scientists working in the different areas of the program.

Research supported by the Exobiology Program is explored in the areas of Cosmic
Evolution of B_j.Qgg._q_Compounds, Prebiotic Evolution. _ Evolution of Life, and

of Advanced Life. Pre-mission and pre-project activities supporting these areas

are supported in the areas of Solar _.Exploration and Search for Extraterrestrial
Intelligence. The Planetary. Protection subject area is included here because of its direct
relevance to the Exobiology Program.

EACH AREA IS DEFINED AS FOLLOWS:

COSMIC EVOLUTION OF BIOGENIC COMPOUNDS focuses on the

history of the biogenic elements (C,H,N,O,P,S) and their compounds in the galaxy and the
early solar system. This includes: (1) tracing the physical and chemical pathways taken by
the biogenic elements and their compounds from their origins in stars to their incorporation
in the pre-planetary bodies; (2) determining the kinds of measurements that can be made on
the biogenic elements and compounds in the galaxy and solar system and prebiotic
evolution and origin of life; and (3) determining the ways in which the physical and
chemical properties of the biogenic elements and compounds may have influenced the
course of events during the formation of the solar system and the component bodies.

PREBIOTIC EVOLUTION involves research and analysis in two major
areas: (1) the consequences of planetary evolution on the physical environment of the Earth
and planets, and (2) the evolution of molecules and molecular systems under the constraints
imposed by physical environment and the appearance, a posteriori, of living systems on
Earth. It also assesses the importance of the physical-chemical processes associated with
the dynamic development of planetary surfaces.

EARLY EVOLUTION OF LIFE focuses on the nature of the most primitive

organisms, determining the environment in which they evolved, and the way in which they
influenced that environment. Investigations are executed through the use of the molecular
record in living organisms and the geological record in rocks. These records are used to
determine when and in what setting life first appeared; to determine the characteristics of the
first successful living organisms; to understand the phylogeny and physiology of
microorganisms that inhabit hydrothermal areas now thought to be analogs of primitive
environments; to determine the original nature of biotic energy transduction, membrane
function, and information processing through study of extant microbes; and to elucidate the
physical, chemical, and biotic forces operating on microbial evolution.



EVOLUTION OF ADVANCED LIFE examines the influence of

astrophysical, stellar and solar system events on the evolution of advanced life on Earth.
Research in this area also attempts to develop a program plan for a paleontological data
base; to understand possible evolutionary pathways for advanced life; and to investigate
ancient atmospheres.

SOLAR SYSTEM EXPLORATION focuses on providing specific
information on the elemental and chemical composition, mainly with respect to gases and
volatiles, of the atmospheres and surfaces of solar system bodies, including planets and
their satellites, comets, asteroids, meteorites, and dust in space. Improved methods,
instrumentation, and experiments will be developed for in situ chemical analyses of the
volatile species associated with the bodies to be investigated.

SEARCH FOR EXTRATERRESTRIAL INTELLIGENCE (SETI)

involves the search for extraterrestrial intelligent life by detecting signals in the
electromagnetic spectrum. Principal emphasis has been on technology development for the
microwave observing project.

PLANETARY PROTECTION focuses on environmental protection of planets
of biological interest from potentially harmful contamination from terrestrial sources during
future exploration, based on explicit guidelines established for each planet and for each type
of mission. It also focuses on protection of the Earth from potential hazards posed by
returned sample missions.

This bibliography is divided into the seven areas noted above. Within each research area,
references are listed alphabetically by author. Authors who are Principal Investigators are
identified by an asterisk. In addition, current addresses for all Principal Investigators are
given in the Appendix.

We wish to thank all the participants in the Exobiology Program for their cooperation in
responding to our request for a listing of their I988 publications. We also wish to thank
Janice Susan Wallace for her editorial and technical assistance and Rodney P. Johnson for
his technical assistance.

John D. Rummel

Exobiology Program Manager
December, 1989
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Allamandola*, L.J.; Sandford, S.A.

Laboratory simulation of dust spectra.
In: Dust in the Universe (Bailey, M.E., Williams, D.A., Eds.). Cambridge, England: Cambridge University

Press, p. 236-268, 1988. (GWU 8844)

Allamandola*, L.J.; Sandford, S.A.; Valero, F.PJ.

Interstellar grain chemistry and the composition of comets.

In: Infrared Observations of Comets tlalley and Wilson and Properties of the Grains (Hanner, M.S., Ed.). Pasadena,
CA: NASA, Jet Propulsion Laboratory, p. 127-128, 1988. (NASA-CP-3004) (GWU 10309)

Allamandola*, L.J.; Sandford, S.A.; Valero, F.PJ.
Photochemical and thermal evolution of interstellar/pre-cometary ice analogs.

Icarus 76: 225, 1988.

Allamandola*, LJ.; Sandford, S.A.; Wopenka, B.

Aromatic components in cometary materials.

In: Infrared Observations of Comets Halley and Wilson and Properties of the Grains (Hanner, M.S., Ed.). Pasadena,

CA: NASA, Jet Propulsion Laboratory, p. 73-82, 1988. (NASA-CP-3004) (GWU 10282)

Arrhenius*, G.; Arrhenius, S.
Band structure of the solar system: An objective test of the grouping of planets and satellites.

Astrophysics andSpace Science 144: 357-372, 1988. (GWU 9391)

Arrhenius*, G.; Corrigan, M.J.; Fitzgerald, R.W.
Photochemical fractionation of 160 in the space medium modeled by resonance excitation of CO by H-Lyman a.

Astrophysics and Space Science 145: 303-319, 1988. (GWU 6275)

Bar-Nun, A. (Owen, T. = P.I.)
Where could have the comets been formed? (Abstract)

In: Abstracts, Twenty-Seventh Plenary Meeting of the Committee on Space Research, Espoo, Finland, July 18-29,

1988, p. 205. (GWU 10211)

Bar-Nun, A.; Kleinfeld, I.; Kochavi, E.

Trapping of gas mixtures by amorphous water ice.
Physical Review B 38(11): 7749-7754, 1988. (GWU 10302)

Bar-Nun, A.; Prialnik, D.

The possible formation of a hydrogen coma around comets at large heliocentric distances.

Astrophysical Journal 324: L31-L34, 1988. (GWU 10277)

Bell, M.B.; Avery, L.W.; Matthews, H.E.; Feldman, P.A.; Watson, J.K.G.; Madden, S.C.; Irvine*, W.M.

A study of C3HD in cold interstellar clouds.

Astrophysical Journal 326: 924-930, 1988. (GWU 10063)

Bell, M.B.; Watson, J.K.G.; Feldman, P.A.; Matthews, H.E.; Madden, S.C.; Irvine*, W.M.

Deuterium hyperfine structure in interstellar C3HD.

Chemical Physics Letters 136(6): 588-592, 1988. (GWU 10062)

Blake*, D.; Bunch*, T.; Reilly, T.; Fleming, R.

Characterization of interplanetary dust by low voltage scanning electron microscopy (Abstract).

Lunar and Planetary Science Conference XIX: 92-93, 1988. (GWU 10187)
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Blake*, D.; Freund*, F.; Bunch*, T.; Chang*, S.; Tielens, A.; Greiner, N.R.

A comparison of Allende diamond with diamond from detonation soot (Abstract).

Lunar and Planetary Science Conference XIX: 94-95, 1988. (GWU 10186)

Blake*, D.F.

Scanning electron microscopy: Principles, practice, and application to the determination of surface morphology,
elemental composition and structure of minerals (Abstract).

Paper presented at the 25th Annual Meeting of the American Chemical Society, Los Angeles, CA, September 25-
30, 1988, 1 p. (GWU 10479)

Blake* D,F.; Allard, L.F.; Echer, C.J.; Freund*, F.

Characterization of electron-beam induced damage structures in natural fluorite, CaF2, by analytical electron
microscopy.

In: Microbeam Analysis - 1988 (Newbury, D.E., Ed.). San Francisco: San Francisco Press, p. 129-132, 1988.
(GWU 10179)

Blake*, D.F.; Freund*, F.; Krishnan, K.F.M.; Echer, C.J.; Shipp, R.; Bunch*, T.E.; Tielens, A.G.; Lipari, R.J.;
Hetherington, CJ.D.; Chang*, S.
The nature and origin of interstellar diamond.

Nature 332(6165): 611-613, 1988. (GWU 10171)

Blanford, G.E.; Gibson*, E.K., Jr.

Laser extracted volatiles from carbonaceous chondrites (Abstract).

Lunar and Planetary Science Conference XIX: 98-99, 1988. (GWU 10317)

Blanford, G.E.; Gibson*, E.K., Jr.

Laser extracted volatiles from chrondritic interplanetary dust particles (Abstract).
Lunar and Planetary Science Conference XIX: 100- I 01, 1988. (GWU 10316)

Bregman, J.D.; Tielens, A.G.G.M.; Witteborn, F.C.; Rank, D.M.; Wooden, D. (Allamandola, L.J. = P.I.)
3mm spectrophotometry of Comet Halley: Evidence for water ice.
Astrophysical Journal 334: 1044, 1988.

Bunch*, T.E.; Chang*, S.; Blake, D.; Cassen, P.; Reynolds, R.; Podolak, M.; Erlichman, J.

Thermal processing of Allende components in a transient parent body atmosphere (Abstract).

Lunar and Planetary Science Conference XIX: 144-145, 1988. (GWU 10169)

Bunch*, T.E.; Rajan, R.S.

Meteorite regolithic breccias.

In: Meteorites and the Early Solar System (Kerridge, J.F., Matthews, M.S., Eds.). Tucson, AZ: University of
Arizona Press, p. 144-164, 1988. (GWU 10254)

Chyba, C.; Sagan*, C.

Cometary organic matter still is a contentious issue.
Nature 322: 592, 1988,

Chyba, C.; Sagan*, C.

A search for heliocentric evolution of organic spectral features in Comet Brorsen-Metcalf.

Newsletter of the Astronomical Society of New York 3: 29-30, 1988.
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Chyba,C.;Sagan*,C.
A twocomponentmodelforthermalemissionfromorganicgrainsinCometHalley.

In: Infrared Observations of Comets Halley and Wilson and Properties of the Grains (Hanner, M.S., Ed.). Pasadena,

CA: NASA, Jet Propulsion Laboratory, p. 83-84, 1988. (NASA-CR-3004) (GWU 10308)

Combes, M.; Moroz, V.I.; Crovisier, J.; Encrenaz, T.; Bibring, J.-P.; Grigoriev, A.V.; Sanko, N.F.; Coron, N.;

Crifo, J.F.; Gispert, R.; Bockelee-Morvan, D.; Nikolsky, Y.V.; Krasnopolsky, V.A.; Owen*, T.; Emerich, C.;

Lamarre, J.M.; Rocard, F.
The 2.5-12 mm spectrum of Comet Halley from the IKS-VEGA experiment.

Icarus 76: 400-436, 1988. (GWU 10303)

Cronin*, J.R.
Origin of organic compounds in carbonaceous chondrites (Abstract).
In: Abstracts, Twenty-Seventh Plenary Meeting of the Committee on Space Research, Espoo, Finland, July 18-29,

1988, p. 284-285. (GWU 10221)

Cronin*, J.R.; Pizzarello, S.; Cruikshank, D.P.

Organic matter in carbonaceous chondrites, planetary satellites, asteroids and comets.
In: Meteorites and the Early Solar System (Kerridge, J.F., Matthews, M.S., Eds.). Tucson, AZ: University of

Arizona Press, p. 819-857, 1988. (GWU 10263)

Epstein*, S.; Zeiri, L.
Oxygen and carbon isotopic compositions of gases respired by humans.

Proceedings of the National Academy of Sciences, USA 85: 1727-1731, 1988.

(GWU 10266)

Fredriksson, K.; Kerridge*, J.F.
Carbonates and sulfates in CI chondrites: Formation by aqueous activity on the parent body.

Meteoritics 23: 35-44, 1988.

Friberg, P.; Madden, S.C.; Hjalmarson, A.; Irvine*, W.M.
Methanol in dark clouds.

Astronomy and Astrophysics 195: 281-289, 1988. (GWU 10064)

Gehrz, R.D.; Hanner*, M.S.

Cometary dust composition.
In: Infrared Observations of Comets Halley and Wilson and Properties of the Grains (Hanner, M.S., Ed.). Pasadena,
CA: NASA, Jet Propulsion Laboratory, p. 50-72, 1988. (NASA-CP-3004) (GWU 10280)

Grady, M.M.; Gibson*, E.K., Jr.; Wright, I.P.; Pillinger, C.T.

Alteration products on the LEW 85320 H5 chondrite (Abstract).

Lunar and Planetary Science Conference XIX: 409-410, 1988. (GWU 10314)

Hanner*, M.
Focus on the future.

In: Infrared Observations of Comets tlalley and Wilson and Properties of the Grains (Hanner, M.S., Ed.). Pasadena,

CA: NASA, Jet Propulsion Laboratory, p. 105-126, 1988. (NASA-CR-3004) (GWU 10069)

Hanner*, M.; Huffman, D.R.; Divine, N.; Green, S.; Lamy, P.L.; Lien, D.; Sellgren, K.

Grain optical properties.

In: Infrared Observations of Comets Halley and Wilson and Properties of the Grains (Hanner, M.S., Ed.). Pasadena,
CA: NASA, Jet Propulsion Laboratory, p. 22-49, 1988. (NASA-CR-3000) (GWU 10307)
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Hanner*,M.S.
Thefarinfraredemissionfromcomets(Abstract).
In: Abstracts, Twenty-Seventh Plenary Meeting of the Committee on Space Research, Espoo, Finland, July 18-29,
1988, p. 316. (GWIJ 10199)

Harmer*, M.S. fed.)

Infrared Observations of Comets Halley and Wilson and Properties of the Grains. Pasadena, CA: NASA, Jet

Propulsion Laboratory, 186 p., 1988. (NASA-CP-3004) (GWU 10310)

Hanner*, M.S.; Newburn, R.L.
Infrared observations of Comet Wilson.

In: Infrared Observations of Comets Halley and Wilson and Properties of the Grains (Hanner, M.S., Ed.). Pasadena,

CA: NASA, Jet Propulsion Laboratory, p. 150, 1988. (NASA-CP-3004) (GWU 10283)

Harmetz, C.P.; Blanford, G.E.; Gibson*, E.K., Jr.

Comparison of volatiles released from carbonaceous chondrites, and IDPs with the Halley cometary volatiles.
(Abstract)

Meteoritics 23: 272, 1988.

Irvine*, W.M.

The composition of dense interstellar clouds (Abstract).

In: Abstracts, Twenty-Seventh Plenary Meeting of the Committee on Space Research, Espoo, Finland, July 18-29,
1988, p. 283. (GWU 10204)

Irvine*, W.M.; Avery, L.W.; Friberg, P.; Matthews, H.E.; Ziurys, L.M.
Newly detected molecules in dense interstellar clouds.

Astrophysical Letters and Communications 26:167-180, 1988. (GWU 10065)

Irvine*, W.M.; Brown, R.D.; Cragg, D.M.; Friberg, P.; Godfrey, P.D.; Kaifu, N.; Matthews, H.E.; Ohishi, M.;
Suzuki, H.; Takeo, H.

A new interstellar polyatomic molecule: Detection of propynal in the cold cloud TMC-1.

Astrophysical Journal 335: L89-L93, 1988. (GWU 10066)

Irvine*, W.M.; Friberg, P.; Hjalmarson, A.; Ishikawa, S.; Kaifu, N.; Kawaguchi, K.; Madden, S.C.; Matthews,

H.E.; Ohishi, M.; Saito, S.; Suzuki, H.; Thaddeus, P.; Turner, B.E.; Yamamoto, S.; Ziurys, L.M.

Identification of the interstellar cyanomethyl radical (CH2CN) in the molecular clouds TMC-1 and Sagittarius B2.

Astrophysical Journal 334:L107-L111, 1988. (GWU 10067)

Knight, J.S.; Petrie, S.A.H.; Freeman, C.G.; McEwan, M.J.; McLean, A.D.; DeFrees*, D.J.

Structural isomers of C2N*: A selected-ion flow tube study.

Journal of the American Chemical Society 110: 5286-5290, 1988. (GWU 10029)

Krishna-Swamy, K.S.; Sandford, S.A.; Allamandola*, L.J.; Witteborn, F.C.; Bregman, J.D.
A multicomponent model of the infrared emission from Comet Halley.

In: Infrared Observations of Comets tlalley and Wilson and Properties of the Grains (Hanner, M.S., Ed.). Pasadena,
CA: NASA, Jet Propulsion Laboratory, p. 184-185, 1988. (NASA-CR-3004) (GWU 10470)

Krishna-Swamy, K.S.; Sandford, S.A.; Allamandola*, L.J.; Witteborn, F.C.; Bregman, J.D.

A multicomponent model of the infrared emission from Comet Halley.
Icarus 75: 351, 1988.



Krishnan,K.M.;Blake*,D.F.;Freund*,F.;Lipari,R.J.
Structureandbondingofdiamondanddiamond-likematerials:Microanalyticalcharacterizationathighspatial
resolution.
In: 1988 Spring Meeting of the Materials Research Society, Reno, NV, April 5-9, 1988, p. 77-80. (GWU 10189)

Millar, T.J.; DeFrees*, D.J.; McLean, A.D.; Herbst, E.

The sensitivity of gas-phase models of dense interstellar clouds to changes in dissociative recombination branching
ratios.

Astronomy and Astrophysics 194: 250-256, 1988. (GWU 10035)

Minh, Y.C.; Irvine*, W.M.; Ziurys, L.M.
HOCO + observations of molecular clouds.

In: Molecular Clouds in the Milky Way and External Galaxies (Dickman, R., Snell, R., Young, J., Eds.).

Berlin: Springer-Verlag, p. 186-187, 1988. (GWU 10073)

Minh, Y.C.; Irvine*, W.M.; Ziurys, L.M.

Observations of interstellar HOCO+: Abundance enhancements toward the galactic center.

Astrophysical Journal 334: 175-181, 1988. (GWU 10068)

Newman, S.; Epstein*, S.; Stolper, E.

Water, carbon dioxide, and hydrogen isotopes in glasses from the ca. 1340 A.D. eruption of the Mono craters,

California: Constraints on degassing phenomena and initial volatile content.

Journal ofVolcanic and Geothermal Research 35: 75-96, 1988.

Oberbeck, V.R.; McKay*, C.P.; Carle*, C.G.; Valentin*, J.R.; Scattergood*, T.W.

The role of cometary particle coalescence in chemical evolution (Abstract).

In: Abstracts, Twenty-Seventh Plenary Meeting of the Committee on Space Research, Espoo, Finland, July 18-29,

1988, p. 287. (GWU 10223)

O'Keefe, M.A.; Blake*, D.; Freund*, F.; Hetherington, C.; Turner, J.
Enhancement of structure images of interstellar diamond microcrystals by image processing.

In: Proceedings of the 46th Annual Meeting of the Electron Microscopy Society of America (Bailey, G.W., Ed.).

San Francisco: San Francisco Press, p. 836-837, 1988. (GWU 10178)

Ott, U.; Begemann, F.; Yang, J.; Epstein*, S.

S-process krypton of variable isotopic composition in the Murchison meteorite.
Nature 332: 700-702, 1988. (GWU 10274)

Palma, A.; Green, S.; DeFrees*, D.J.; McLean, A.D.

Intermolecular potential for thermal H20-He collisions.

Journal of Chemical Physics 89: 1401-1407, 1988.

Prialnik, D. (Owen, T. = P.I.)

Thermal evolution of cometary nuclei (Abstract).
In: Abstracts, Twenty-Seventh Plenary Meeting of the Committee on Space Research, Espoo, Finland, July 18-29,

1988, p. 206. (GWU 10203)

Saito, S.; Yamamoto, S.; Irvine*, W.M.; Ziurys, L.M.; Suzuki, H.; Ohishi, M.; Kaifu, N.

Laboratory detection of a new interstellar free radical CH2CN(2B1).

Astrophysical Journal 334: Lll3-Lll6, 1988. (GWU 10069)



Sandford,S.A.;Allamandola*,L.J.
ThecondensationandvaporizationbehaviorofH20-COicesandimplicationsforinterstellargrainsandcometary
activities.
Icarus 76: 225, 1988.

Sandford, S.A.; Allamandola*, L.J.; Tielens, A.G.G.M.; Valero, G.J.

Laboratory studies of the infrared spectral properties of CO in astrophysical ices.

Astrophysical Journal 329: 498-510, 1988. (GWU 9082)

Schenewerk, M.S.; Snyder, L.E.; Hollis, J.M.; Jewell, P.R.; Ziurys, L.M. (Irvine, W.M. = P.I.)

HCO emission from H II-molecular cloud interface regions.

Astrophysical Journal 328: 785-796, 1988. (GWU 10070)

Tokunaga, A.T.; Golisch, W.F.; Griep, D.M.; Kaminski, C.D.; Hanner*, M.S.

The NASA infrared telescope facility Comet Halley monitoring program. II. Post-perihelion results.
In: Infrared Observations of Comets tlalley and Wilson and Properties of the Grains (Harmer, M.S., Ed.). Pasadena,

CA: NASA, Jet Propulsion Laboratory, p. 186, 1988. (NASA-CP-3004) (GWU 10281)

Turner, B.E.; Ziurys, L.M. (Irvine, W.M. = P.I.)

Interstellar molecules and astrochemistry.
In: Galactic and Extragalactic Radio Astronomy (Verschuuk, G.L., Kellerrnann, K.E., Eds.). Berlin: Springer-

Verlag, p. 200-254, 1988. (GWU 10471)

Wdowiak, T.J.; Flickinger, G.C.; Cronin*, J.R.

Insoluble organic material of the orgueil carbonaceous chondrite and the unidentified infrared bands.

Astrophysical Journal 328: L75-L79, 1988. (GWU 10300)

Ziurys, L.M. (Irvine, W.M. = P.I.)
SiS in Orion-KL: Evidence for "outflow" chemistry.

Astrophysical Journal 324: 544-552, 1988.

Ziurys, L.M.; Erickson, N.R.; Grosslein, R.M. (Irvine, W.M. = P.I.)

A cooled 2mm receiver for radio astronomy.
In: Interstellar Matter (Bararret, A.H., Moran, J., Ho, P.T.P., Eds.). New York: Gordon and Breach, p. 255-256,
1988.

Ziurys, L.M.; Snell, R.L.; Dickman, R.L. (Irvine, W.M. = P.I.)
Recent molecular studies of SNR IC443: Some new results for shock chemistry.

In: Molecular Clouds in the Milky Way and External Galaxies (Dickman, R., Snell, R., Young, J., Eds.). Berlin:

Springer-Verlag, p. 184-185, 1988.
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Anders, E.; Kerridge*, J.F.
Future directions in meteorite research.

In: Meteorites and the Early Solar System (Kerridge, J.F., Matthews, M.S., Eds.).

Tucson, AZ: University of Arizona Press, p. 1155-1186, 1988. (GWU 10258)

Arrhenius*, G.

Rate of production, dissolution and accumulation of biogenic solids in the ocean.

Palaeogeography, Palaeoclimatology, Palaeoecology 67:119-146, 1988. (GWU 8953)

Chang*, S.
Planetary environments and the conditions of life.

Philosophical Transactions of the Royal Society of London A325: 601-610, 1988. (GWU 10168)

Collins, J.R.; Loew, G.H.; Luke, B.T.; White*, D.H.

Theoretical investigation of the role of clay edges in prebiotic peptide bone formation. II. Structures and

thermodynamics of the activated complex species.
Origins of Life and the Evolution of the Biosphere 18:107-119, 1988. (GWU 10464)

Coyne*, L.M.; Costanzo, P.; Theng, B.K.G.
Catalytic factors in kaolinites: Spectroscopic indications of interdependence (Abstract).

In: Abstracts of Papers, 196th Annual Meeting of the American Chemical Society, Los Angeles, CA, September

25-30, 1988, 1 p. (GWU 10146)

Coyne*, L.M.; Contanzo, P.; Theng, B.K.G.

Catalytic factors in kaolinites: Spectroscopic indications of interdependence (Abstract).
In: Abstracts, 25th Annual Meeting of the Clay Minerals Society, Grand Rapids, MI, September 18-21, 1988,

p. 28. (GWU 10166)

Ferris*, J.P.

Origin of life.
McGraw-Hill Yearbook of Science and Technology - 1988, p. 195-197, 1988. (GWU 10048)

Ferris*, J.P.; Ertem, G.; Kamaluddin, A.; Agarwal, V.K.; Hua, L.L.

The binding and reactions of nucleotides on montmorillonite clay (Abstract).
In: Abstracts, Twenty-Seventh Plenary Meeting of the Committee on Space Research, Espoo, Finland, July 18-29,

1988, p. 383-384. (GWU 10238)

Fen'is*, J.P.; Huang, C.-H.; Hagan, W.J., Jr.
Montmorillonite: A multifunctional mineral catalyst for the prebiological formation of phosphate esters.

Origins of Life and Evolution of the Biosphere 18: 121-133, 1988. (GWU 10038)

Fishel, R.; Rich*, A.

The role of left-handed Z-DNA in general genetic recombination.
In: Mechanisms and Consequences of DNA Damage Processing (Friedberg, E.C., Hanawalt, P.C., Eds.). New

York: Alan R. Liss, p. 23-32, 1988.

Fishel, R.A.; Detmer, K.; Rich*, A.

Identification of homologous pairing and strand-exchange activity from a human tumor cell line based on Z-DNA

affinity chromatography.
Proceedings of the National Academy of Sciences, USA 85: 36-40, 1988. (GWU 10267)
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FOX*, S.W.

The Emergence of Life: Darwinian Evolution from the Inside.

New York: Basic Books, 208 p., 1988. (GWU 9891)

Fox*, S.W.

Evolution outward and forward.

In: Evolutionary Processes and Metaphors (Ho, M.-W., Fox, S.W., Eds.). New York: John Wiley and Sons,
p. 17-33, 1988. (GWU 10255)

Fox*, S.W.

Prebiotic roots of informed protein synthesis: Nature of the Lipmann Connection.

In: The Roots of Modern Biochemistry: Fritz Lipmann' s Squiggle and its Consequences (Klienkauf, H.,

von Dohren, H.; Jaenicke, L., Eds.). Berlin: Walter de Gruyter, p. 895-909, 1988. (GWU 10262)
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