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Infroduction to Part 1: Instruments, Methods, and
Missions for Astrobiology XII

The Instruments and Methods for Astrobiology and Planetary Missions Xl
conference was extraordinary in its breadth and scope, and features papers
representing major developments in the multidisciplinary study of the origin,
evolution, and distribution of life in the universe. Many of the papers suggest that
life may be a cosmic imperative rather than restricted to the planet Earth. The
NASA Astrobiology Program was initiated in 1996 just after the announcement of
the detection of biomarkers and possible microfossils in the Mars Meteorite
ALH84001. This volume begins with a review of the current status of the evidence
for biomarkers and microfossils in ALH84001, and compares new images of
biomorphs in two other Mars meteorites (Nakhla and Yamato 000593) with known
microfossils from the Columbia River Basalts. The next paper presents evidence for
large filamentous microfossils embedded in freshly fractured interior surfaces of
the Murchison and Orgueil carbonaceous meteorites. Several of these filaments
exhibit unambiguously biological specialized cellular structures such as basal,
terminal or intercalary heterocysts. Heterocysts are used for nitrogen fixation and
are seen in the frichomic heterocystous cyanobacteria. These filaments in
carbonaceous metecrites are of the proper size and exhibit detailed
morphological characteristics observed in modern heterocystous cyanobacteria
from environmental samples or grown in culture. Energy Dispersive X-ray
Spectroscopy (EDX) data indicate that the nitrogen content of the meteorite
flaments is generally below the detfection limit. This is also observed in fossil
trilobites and Proterozoic cyanobacteria fossils, even though nitrogen is easily
detectable (~2-18% afomic) in modern biological filaments since nitrogen is
present in the amino acids, DNA and proteins of all known living organisms. The
missing nitrogen provides evidence that the filamentous microstructures in the
meteorites are not modern biological contaminants. SEM images and chemical
compositions of filamentous microfossils in Paleo-Proterozoic and modern Pillow
Lavas establish that bacterial paleontology must not be restricted to the search
for microfossils in sedimentary rocks.

Perhaps even more important is the observation that only eight of the twenty
protein amino acids common to all life on Earth are found in meteorites. The
amino acids that have been found in meteorites were also detected during early
studies of lunar soil samples returned to Earth by the Apollo Missions. Nineteen of
the twenty protein amino acids have asymmetric centers and are exclusively of
the L- enantiomer in living organisms. Amino acids produced by abiotic
mechanisms, and in very ancient sediments, are generally racemic, with equal
numbers of the D- and L- forms. Although abiotic processes for producing non-
racemic amino acids under natural conditions have recently been developed,
the indigenous extraterrestrial amino acids found in the meteorites have a much
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greater excess of the L- enantiomer than has been demonstrated by abiotic
mechanisms. The partial racemization of amino acids in meteorites may have
profound implications to their possible modes of origin as well as for the early
chemical evolution and origin of life in the Solar System. Another paper shows
that the analyses of complex petroleum-like hydrocarbons present in
carbonaceous meteorites are consistent with the breakdown of biopolymers and
their fransformation to geopolymers and bitumens. These observations coupled
with recent discovery of hydrocarbons in Safurn’s moons Titan and Hyperion
suggests life and petroleum-like hydrocarbons may be more widely distributed in
the Solar System than previously thought possible.

Instruments for the remote detection of life are of great importance to
astrobiology. Homochirality of biological molecules is a signature of life as we
know it. A sensitive new device for determination of chirality in living matter only,
was described as a potential new life detection instrument. Similarly, a
photoelastic modulator (PEM) based Spectroscopic Polarimeter that has been
developed to remotely detect chiral signatures in Astrobiological samples was
described. Measurements of the circular polarization spectra of cyanobacteria
and minerals are provided. A novel instrument using Laser Induced Fluorescence
Emission imaging and spectroscopy for the remote detection of visible and near-
IR fluorescence from biological pigments is described. The results of
measurements obtained with this instrument during field studies of
cyanobacteria-dominated microbial communities within the of ice-covered lakes
in Antfarctica and Alaska are presented. The target photosynthetic
microorganisms live and thrive in the ice itself. The only liquid water is a thin layer
at the boundary between milimeter scale cryoconite dust and the surrounding
ice. The assemblages should be easily observed during in-situ, airborne, and
orbital exploration of icy cryospheres independent of the existence of free-
standing sources of liquid water. This exciting new tfechnology may find important
applications for autonomous systems designed to remotely search for life in the
icy polar regions of Mars or in the cryospheres of icy moons or exoplanefts.
Recognition of spectral bio-signatures in exoplanets requires an understanding of
the spectral biosignature of planet Earth. An Integrated Ray Trace Model has
been developed and used to compute the Disk Averaged Spectra of the full 3-D
Earth model to assess its applicability for sensing water, surface vegetation, and
biological pigments such as chlorophyll. A novel micro-fluorescent cell sorter
instrument that might be applied to distinguish and sort live bacterial cells from
dead bacteria and mineral grains in ice and permafrost is also described.

Ever since the 1976 Viking Missions to Mars, NASA has adopted the theme “Follow
the Water” as a guide to where life may be found. It has been the paradigm that
the water must be in liquid state. The apparent absence of liquid water on Mars
has long been one of the main arguments against the possibility of that the Viking
Labeled Release (LR) experiment data established the existence of present day
life on Mars. The Phoenix Mission recently obtained observational evidence for
present day liquid water on Mars. Phoenix images indicate that the Landing
Thruster plumes exposed subsurface ice and splashed liquid water brines forming
droplets on the struts of the Phoenix Lander. Their tfime-lapse images and the



theoretical demonstration that the thermodynamics of freeze-thaw cycles lead to
the formation of brines that can be in liquid state almost anywhere that ground
ice exists near the surface of Mars. Another paper re-examines the original LR
data in view of the recent discovery of methane in the atmosphere of Mars
correlated with atmospheric water vapor. This paper suggests that a simple
variation infroducing chirality to the Viking LR experiment would make it possible
to differentiate a chemical response from a biological response of
microorganisms that prefer D- sugars and L- amino acids or the alternate chirality
isomers. Phoenix also reported perchlorate in the surface regolith of Mars.
Microorganisms on Mars might metabolize perchlorate, as do some species on
Earth—making it life-sustaining rather than life-threatening. The oxidation
resistance of glycine, alanine and heterocycles indicates that they would survive
contact with Mars regolith perchlorates, making it unlikely that perchlorate
oxidation could account for the failure of the Viking or Phoenix missions to detect
these widely expected organics in the Mars regolith. The discovery of perchlorate
on Mars led to a study of the fractal dimensions of the perchlorate reductase
gene sequences of Dechloromonas and the suggestion that time resolved UV
fluorescence studies of nucleotide emission bands could lead to a novel
Astrobiology instrument to search for evidence of life on Mars, especially in
ancient lake beds. The next paper discusses the possibility that acidophilic
hyperthermophiles might find possible habitable zones in the liquid droplets in the
upper layers of the clouds of Venus and that they might be responsible for cloud
absorption features observed in the UV. An instrument id described that could be
deployed on a Mars Rover. Raman imaging is used to search for molecular
biomarkers (C-C, C-O, and C-N) and pigment molecular signatures as evidence
of biological activity and life on Mars. The feasibility of this tfechnology is shown in
laboratory studies of Mojave Desert quartz colonized by cyanobacteria and by
the detection of peaks associated with the beta-carotene pigments of red snow
algae from Lassen Volcanic National Park.

Several papers are concerned with microbial extremophiles. Novel aerobic and
anaerobic microorganisms were studied in situ and isolated from samples
collected during the 2008 Expeditions to the Schirmacher Oasis and Lake
Untersee of Antarctica. Culture dependent and culture independent methods
revealed the existence of a dynamic microbial ecosystem in the Schirmacher
Oaisis lakes. The microbial biodiversity of the oasis lakes is much greater than
previously reported and it is probably driven by a unigue combination of
glacialological, climatological, geological, and biological factors. The cell
morphologies and growth characteristics are described for interesting new strains
of anaerobic psychrophilic and psychrotolerant microorganisms that were
isolated from ice and water samples collected from Lake Untersee, Lake Zub, and
Lake Podprudnoye. Two novel strains of psychrophilic homoacetogens were
discovered in inoculates from the deep anoxic frough of Lake Untersee. These
psychrophilic homoacetogens are motile vibrions that may be of great
significance to Astrobiology. These homoacetogens are able to grow at 5°C with
hydrogen and carbon dioxide serving as their sole source of energy and carbon
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and may represent analogs for life that could survive on the Polar Caps of Mars or
the Icy Moons of the Solar System.

Interesting new discoveries about Life in Ice may result in a need to understand
the “Follow the Water” mantra of Astrobiology from a new perspective. Studies of
microbes in the permafrost, cryoconites and ice bubble ecosystems of the polar
regions of Earth have shown that many bacteria exhibit motility as soon as the ice
or frozen soil that enfraps them is thawed. Cryopreserved prokaryotic and
eukaryotic microorganisms have been found in the ancient ice and permafrost
from Alaska, Siberia, and deep ice cores from Greenland and Vostok, Antarctica.
Many of these are viable, can be grown in pure culture and have been validly
published as new genera or species previously unknown to science. Many
microbes are preserved as spores or dormant organisms in a state of deep
anabiosis. However, every sample of ice studied during recent expeditions to
Alaska and Antarctica contained microorganisms that were alive and exhibited
locomotion as soon as the ice was melted on sterile slides under the darkfield
video microscopy system. This astonishing observation may be explained by
recent studies that have found that many polar diatoms, fungi, snow molds,
algae, cyanobacteria and bacteria secrete antifreeze proteins or ice binding
proteins. These natural anfifreeze substances appear to frigger pitting or localized
melting of ice crystals, thereby providing adequate quantities of liquid water for
microbial metabolism, and consequently making life in ice possible. Laboratory
NMR and fluorescence spectroscopy studies have revealed that teichoic acid
cell-wall peptidoglycan protects liquid water at temperatures far below 0°C. This
important new property of teichoic acid was deduced from 31P and 2H solid-
state NMR data for teichoic acid dissolved in D20. This study revealed that the
teichoic acid, which comprises ~50% of the mass of the cell walls of Gram positive
bacteria, is surrounded by liquid water at temperatures as low as -40°C. The NMR
results indicate that the liquid water forms pockets or channels around the
bacteria. This property would permit the exchange of liquid water, nutrients, salts
and waste products across the bacterial cell wall and provide a liquid regime
within the ice in which microbial metabolism and motility could occur. These
discoveries indicate that water ice must be considered a significant component
of the “Follow the Water” paradigm of Astrobiology. Hence the Polar Ice Caps of
Mars and the near surface crustal layers of comets and the icy moons of Jupiter
and Saturn should be considered prime Astrobiology targets in the search for Life
in the Solar System. Furthermore, the phenomena of life in ice may have
important implications to the possibility of tfransfer of viable microorganisms from
one solar system body to another by cryopreservation in the ices of comets or
impact ejection of water ice from the cryospheres of planets or moons of our
Solar System. This could be relevant to the origin of life on Earth and the
distribution of life throughout the cosmos.

The Single Stranded DNA Binding Protein (RPA) genes in a gamma-ray radiation-
resistant halophilic archaeon (Halobacterium sp. NRC1) were analyzed in terms of
their nucleotide fluctuations to correlate randomness by Fractal Dimension
Analysis. This study indicated that the Halobacterium sp. NRC1 sequence is not
random and the nucleotide fluctuations and that the fractal dimensions,



Shannon Enfropies y, and the CpG dinucleotide pair percentages were
comparable to those of the radiation repair gene of Deinococcus radiodurans.
Halophilic archaea with similar radiation resistance genes could have existed on
ancient Mars and may yet be present beneath salt-rich evaporites in craters and
basins of present day Mars. A spectrofluorimetric study of the autofluorescence
properties of the puzzling culturable bodies found in incidents of red-rain (last
reported in July, 2008 in Kerala, India) and in the particulates found in the yellow
rain (as recently as 31 July, 2008 in Columbia) indicated that these widely
separated phenomena are connected. It is theorized that they may have
arrived with the infall of meteoritic material.

It was proposed that horizontal gene tfransfer, while not immediately seen as such
but ultimately consistent with Darwinian theory, is responsible for the appearance
of new species. Whole genes are transferred from one organism to another;
imparting the properties that constitute a new species. Sequences of genes have
not yielded evidence of gradual evolution, there being no intermediate species.
It was theorized that our immunity derives from a transposon some 400 million
years ago. The implications of horizontal gene transfer to the possibility of
panspermia are considered.

The relevance to astrobiology of the philosophical problems of identify, as it
relates to the definition of life, was explored. The pedagogical connection of
green chemistry to astrobiology was also discussed.

In summary, many discoveries obtained during the last 50 years suggest that the
Drake Equation needs to be re-visited. Expeditions to some of the most hostile
environments on Earth have shown that life seems to exist on Earth virtually
everywhere that water (or water ice) co-exists with a source of energy and a
suite of life-critical biogenic elements. Sensitive astronomical methodologies have
revealed the existence of a host of exira solar planets. This new information has
greatly expanded our understanding of the conditions and parameters in which
life exists. It provides valuable data to help guide us in the development of new
instruments, spacecraft, and missions to search for extra-solar planets that could
support life as we know if, and to find and recognize evidence of life that may be
found in ancient terrestrial rocks and meteorites or may be producing bio-
signatures as it inhabits other bodies of the cosmos.
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