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Alteration of interstellar complex organics in Solar system environments and its relevance

to origins of life
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Valine peptide formation under high temperature and high pressure conditions
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Peptide formation on the early Earth is an essential process for the origin of life. Heating experiments of compressed solic
valine, one of the simplest amino acid having an alkyl side chain, were performed under various temperature®@p@r0D0
pressure (50-150 MPa) conditions up to 384 hours, in order to investigate how temperature and pressure affect the stability of v:
line and reaction rates of the peptide formation from valine monomers. The samples were enclosed in a gold tube and pressuriz
with a test-tube type autoclave using water as pressure medium. Produced peptides were analyzed by liquid chromatograph
mass spectrometry (LC/MS). The recovered valine and decomposition products having amino groups were analyzed with a hig
performance liquid chromatography (HPLC) after the derivatization with a florescent reagent.

The run products contained linear peptides from dimmer to hexamer, cyclic dimmer, other amino acids, ammonia, and amines
The decomposition rates of starting valine at three different temperatures showed that the decomposition of the starting valine we
very sensitive to the temperature change. Increasing temperature also accelerate the rates of both formation and decompositior
the linear peptides. On the other hand, the decomposition rates of valine and its peptides decreased with increasing pressure.
effect of pressure on production rates of valine peptides were very small, compared to that of temperature. Because the maj
decomposition products were ammonia and carbon dioxide, which were vapor or supercritical phase at the experimental cond
tions, pressure could suppress the degradation of valine and peptides by inhibiting their degassing reactions. The results of o
experiments support a hypothesis that peptides were formed through diagenesis and suggest that pressure expand the stabilit
valine and the peptides under high temperature conditions. The present study also suggests that the typical diagenetic conditi
(up to 100C) is suitable for the high yield peptide formation in geological time scale. Polymerization of other amino acids, such
as glycine and alanine, were also confirmed at different series of anhydrous experiments, suggesting a general importance
pressurized deep sediments for prebiotic peptide formations.
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Experimental and geological link for prebiotic peptide and ribose formation
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Controversy exists as to which geological environments were suitable for prebiotic organic formation. In this presentation, po-
tential geological environments to form peptide and ribose will be discussed. Heat energy is necessary to promote polymerizatio
of amino acids and then to form peptides. However, once-formed peptides easy break if heat energy suppresses and amounts
water exceed the peptide-equilibrated amounts. During diagenesis of deep marine sediments, where dehydration proceeds un
high P and T conditions, may provide ideal environments for the peptide formation.

High pressure (150MPa) and temperature (up to 180C) experiments were performed in order to examine if daigenetic con
ditions are ideal for peptide formations. A mixture of glycine and alanine or a mixture of methionine and glycine was used as
a starting material. Amounts of ammonia in reaction system increased with time, suggesting broke down of amino acids. Or
the other hand, amounts of glycylalanine, glycylglycylalanine glycylmethionine and methiolmethionine were high and exceed
the amounts of glycine-5mers and alanine-4mers. The resuslts of the present study suggest that peptides composed of differ:
amino acids has easily formed with high yields under high P and T conditions accompanied with high ammonia concentrations
Presence of ammonium-mica in Isua Supracrustal Belt in Greenland may suggest ammonia-rich diagenesis in ancient marir
sediments, supporting the present experimental results.

For prebiotic ribose formation, stepwise reactions between borates and formaldehyde are suggested. Such interaction happe
only under high borate concentrations. Borate-rich environments are often considered as unrealistic on the early Earth. Howeve
tourmaline-rich garnets in sediment-protolith were found in Isua Supracrustal Belt. This finding suggests that borate-rich condi-
tions were present during diagenesis of ancient marine sediments, and promises ribose formation during diagenesis.
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On the formation environment of the nano-bacteria fossil-like texture
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Among signatures of ancient biological activity, stable isotopes of C, S, Fe and N hold an important place. Indeed, metabolic
processes tend to produce different, and sometimes diagnostic, enrichment or depletion in certain isotopes. Large environmen
and biological changes at the surface of the Earth, as those provoked or provoking the oxygenation of the primitive atmospher
are clearly imprinted in the C, S, N and Fe geological record. Yet, the reliability of stable isotopes as biological and environmental
proxies has been recently questioned. Short-chain hydrocarbons synthesized via Fischer?Tropsch-type reactions in hydrotherr
environments are depleted in 13C in a way typically ascribed to metabolic processes such as photosynthesis and methanogen
(small deltal3CPDB =[(13C/12C)sample/(13C/12C)std -1 x 1000] =-30 to -60 permil). This suggests that carbon isotopic com-
position might not be an effective discriminant between biologic and non-biologic sources. Sulfur isotopes, and particularly the
33S/34S ratios show variations in the geological record usually interpreted as reflecting changes in the redox state of the atm:
sphere and in the biologically related sulfur cycle. Yet, thermochemical reactions might produce similar isotopic fractionations.
Nitrogen has been longtime ignored as biosignature because being extremely fragile compared to the more stable graphitic forr
of C. Indeed, it can be easily fractionated by metamorphic or hydrothermal-driven reactions. However, N has an advantage ove
other isotopic systems such as those of C and S. The dominant source of N at the surface of the Earth, that is, the atmosphe
triple-bonded N2, is so stable that only a very limited number of metabolic processes can bridge the abiotic and biotic world.
Finally Fe (small delta56Fe = (56Fe /54Fe)sample/(56Fe /54Fe)std -1 x 1000 ) has very little isotopic fractionation (+-1permil)
and numerous studies shown that the biological-induced fractionation is not completely understood or yet measured. Here w
present new data on N isotopes and their behavior in cherts and banded iron formations of South Africa (3.45 Ga Hooggenoe
Fm., Barberton Greenstone Belt) and India (2.9-2.7 Ga Bababudan Group, Dharwar Craton). Combination of two or more iso
tope markers (N, C and Fe) with largely different geochemical natures may help us to discriminate between possible fractionatio
pathways, biotic or abiotic, and/or rule out part of the anticipated post-depositional fractionation events. This is the case of the
India Banded Iron Formations, where N isotopes have been coupled with Fe and C isotopes. Observed Fe, C and N isotop
co-variations in cherty and iron-rich layers have been related to the appearance of denitrification and dissimilatory iron reductior
in the water column at the onset of the Great Oxygenation Event. Organic nitrogen was trapped as ammonium (NH4+) in hydro
muscovite and feldspars preserved in cherty formations of the Hooggenoeg Fm. at the Komati River, South Africa. Here nitrogel
isotopes have been coupled with argon isotopes (40Ar/36Ar). Indeed, an indirect relation relates NH4+ which replace K+ ions ir
the structure of K-bearing silicates and radiogenic 4QAwrhich is produced by electron capture of K+. These formations show
small deltal5N values of +7.1+-0.5 to +12.6+-0.4permil, higher than those usually found in Early Archean ammonium (-5 to
+2permil). K-Ar dating of mica and feldspars give younger Proterozoic ages of 2137+- 15 Ma and 1191+- 27 Ma, respectively.
This suggests that the mineral phase preserving ammonium is not a closed system and post-depositional metamorphic eve|
likely reset the K-Ar clock. The same phenomenon possibly caused 1) partial devolatilization of the pristine organic N with pref-
erential loss of 14N and increase of the small deltal5N values; or 2) isotopic exchange with metasomatic fluids which usually
contain 15N-enriched nitrogen.
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There is geological evidence from the widespread preservation of waterlain sediments that Earth’s climate resembled th
present during the Archean, despite a much lower solar luminosity. This was cast as a paradox by Sagan and Mullen in 197
Kasting (1993) suggested a solution to the paradox by increased mixing ratios of greenhouse gasses, notably CO2 in the eal
atmosphere. However geochemical evidence for high partial pressures of CO2 are absent in marine sediments as well as in pa
osols. We have used banded iron formation (BIF) to characterize the composition of the atmosphere. BIFs originated as chemic
sediments precipitated from the Archaean ocean and sedimented as particles to the seafloor. Magnetite is ubiquitous in Archae
BIFs which indicates that it was thermodynamically stable during exposure of the primary sediment to ocean water and during
subsequent diagenesis and compaction of the sediment. The involvement of biologic processes in the original precipitation ¢
iron-rich minerals and/or sediment diagenesis does not alter the constraint of magnetite saturation. The stability relations of mag
netite preclude CO2 mixing ratios much higher than the present atmospheric level ("3-5 times PAL). At higher partial pressure:
of CO2 siderite would replace magnetite as the stable iron bearing phase. The CO2 pressure of the atmosphere is express
in the CO2 concentration of seawater through the water column and well into the sediment because CO?2 is highly soluble i
water. In the absence of substantial compensation for the lower solar irradiance by greenhouse gasses in the atmosphere,
have examined the factors that controlled Earth’s albedo. These are primarily the surface albedo of Earth and the abundance a
properties of clouds. We have applied a model that takes into account the apparent growth of Earth continents (Collerson ar
Kamber 1999) and the absence of land vegetation during the Precambrian for the evolution of the surface albedo, and a mod
for the abundance and properties of clouds that takes into account the lower abundance of biogenic cloud condensation nuclei
a less productive prokaryotic world. The higher transparency of the atmosphere for short wave incoming solar radiation and thi
lower surface albedo on an early Earth dominated by oceans, provided significant compensation for the lower solar irradianc
which allow the presence of liquid oceans, even at greenhouse gas concentrations broadly similar to the present day values.

We therefore suggest that the thermostasis during Earth geologic record, is not paradoxical, but is the combined effect of mar
factors, which are to a large part biologically controlled.

References

Collerson, K. D. and B. S. Kamber (1999). "Evolution of the continents and the atmosphere inferred from

Th-U-Nb systematics of the depleted mantle.” Science 283(5407): 1519-1522.

Kasting, J. F. (1993). "Earths Early Atmosphere.” Science 259(5097): 920-926.

Sagan, C. and G. Mullen (1972). "Earth and Mars - Evolution of Atmospheres and Surface Temperatures.” Science
177(4043)

00000 : carbon dioxide, Archaean, Faint early sun, BIF
Keywords: carbon dioxide, Archaean, Faint early sun, BIF



Japan Geoscience Union Meeting 2011
(May 22-27 2011 at Makubhari, Chiba, Japan)

©2011. Japan Geoscience Union. All Rights Reserved. " p'a i
JGet_)science
e
BAOO001-07 00:301B 00:50 230 11:20-11:45

0000000000000 0000D0000Dooooonood _ o
Microbe space exposure experiments at International Space Station (ISS) in the missic

"Tanpopo”
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To explain how organisms on the Earth were originated at the quite early stage of the history of Earth, Panspermia hypothes;i
was proposed [1, 2]. Recent findings of the Martian meteorite suggested possible existence of extraterrestrial life, and interplar
etary migration of life as well. On the other hand, microbes have been collected from high altitude using balloons, aircraft and
meteorological rockets since 1936, though it is not clear how could those microbes be ejected up to such high altitude [3]. Indeec
we have also collected microorganisms at high altitude by using airplanes and balloons. Spore forming fungi and Bacilli, anc
Deinococci have been isolated in these experiments. We also collected two novel species of thRegememccus one from
top of troposphereld. aeriug and the other from bottom of stratosphet® etheriu3 [4-6]. In addition, we collected various
spore-forming bacilli and their related species. Spores and Deinococci are known by their extremely high resistance against U\
gamma ray, and other radiation [4). aeriusandD. aetheriusshowed high resistance comparable wWithradioduran€k1 to the
UV and radiation such as gamma ray. If microbes could be found present even at the higher altitude of low earth orbit (400km)
the fact would endorse the possible interplanetary migration of terrestrial life.

We proposed the "Tanpopo” mission to examine possible interplanetary migration of microbes, and organic compounds or
Japan Experimental Module (JEM) of the International Space Station (ISS) [7]. Tanpopo consists of six subthemes. Two of then
are on the possible interplanetary migration of microbes ? capture experiment of microbes at the ISS orbit and space exposu
experiment of microbes. In this paper, we focus on the space exposure experiment of microbes.

Microbes in space are assumed be exposed to the space environment with a kind of clay materials that might protect microbe
from vacuum UV and cosmic rays, or exposed as the aggregates of which outer cells might protect inner cells from vacuun
UV and cosmic rays. Dried vegetative cells[of radioduransand our novel deinococcal species isolated from high altitude are
candidates for the exposure experiment. In addition, we are planning to perform another space exposure experiments of microb
In this paper, we discuss current status of exposure experiment of microorganisms defined for the Tanpopo mission and others
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Prolonged survival of multilayer bacteria under UV radiation and vacuum
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In early 20th century, Arrhenius proposed the possible migration of life through space. The Hypothesis is called Panspermi
Hypothesis (1908). In the hypothesis, the interplanetary transfer of single spores is propelled by radiation pressure. Howeve
the solar UV has been proven to be lethal for unshielded microorganisms (Nicholson et al., 2000; Horneck et al., 2010), whict
invalidated his Hypothesis.

Another possible form of the interplanetary transfer of life, micro-aggregate or micro-clump, has just emerged from recent
studies. Space environment exposure experiments evidenced that microorganisms in thick layers can survive larger UV dos
than single cells. Some bacterial spores in multilayer-spore samples survived intense solar UV radiation, while all the spores i
monolayer were killed (Horneck et al., 1994, 1995; Mancinelli and Klovstad, 2000). Terrestrial microorganisms may be trans-
ported into the upper atmosphere and space by human activities (e.g., spacecraft launch) and natural mechanisms (e.qg., elec
field, meteorite impact). Based on the microbiological studies in the upper atmosphere, we have roughly estimated the altitude
dependent distribution of microorganisms, suggesting the extended distribution of microorganisms into space (Yang et al., 2009
Bacterial cell clumps have been found in the upper atmosphere (about 40-km altitude) (Wainwright et al., 2003). The cells of the
Deinococcusstrains (ST0316 and TR0125) we isolated from the upper atmosphere (about 10-km altitude) multiply and grow in
aggregated form (Yang et al., 2009).

However, there has no study to quantitatively examine the relationships between microbial survival, size of micro-aggregate
and UV doses. It is unknown what size of micro-aggregate may protect some cells inside it from long-term space UV radiation.
Our current study investigates quantitatively the survival of bacteria against extraterrestrial UV radiation in dependence of size
of cell aggregates, assessing the possibility of viable transfer of microorganisms in aggregated form.

We have obtained preliminary data on the survivaDofadioduransagainst U\ 75,,.,, radiation under vacuum in dependence
of the cell aggregate thickness. At the same; WY, dose, larger cell aggregate exhibited higher survival rate. The preliminary
results suggest that upper layers of cells protected cells underneath from the,JJ\thactivation, and that 20 micrometer of
thickness was enough for protecting a high percent of cells at lower layers alive ungegy,LJ\and vacuum conditions.
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Development of a LC/MS method to analyze simple sugars: an approach to investigat

ribose formations on the early Earth

oooo™oooothoootooot!
Mana Horiucht*, Furukawa Yoshihirb, Otake TsubasaKakegawa Takeshi

l00o0O00O0o00O0oOoooooo
LEarth and Planetary Materials Science, G

Ribose is considered to be one of the difficult molecules to synthesize on the early Earth. Formose reactions with either bori
or phosphoric acids have been reported as reactions to produce ribose. However, those reaction pathway and necessary c
ditions are still uncertainbecause analytical methods of products from the formose reaction are unavailable. Therefore, in thi
study, we have developed a method to analyze polymerization products of formaldehyde and their complex with borate ion us
ing liquid chromatography-mass spectrometry (LC/MS). Small sugars (glyceraldehyde (C3), erythrose (C4), and D-ribose (C5)
and a complex of D-ribose and boric acid were used as representatives of polymerization products of formaldehyde. In orde
to increase the ionization efficiency of these samples, a mixture of chloroform and methanol was added as an ionization age!
into the mobile phase between the LC and the MS. Tow negative modes, electrospray ionization (ESI) and atmospheric pressu
chemical ionization (APCI), were adopted for the ionization of these samples. In addition, two types of hydrophilic interaction
chromatography (HILIC) columns and a ligand exchange column were used in the LC for the separation of these sugars an
ribose-borate complex.

The ionization efficiencies of these sugars and ribose-borate complex were increased by adding the ionization agent in mo:
cases. These sugars ionization modes were not determined either ESI or APCI. Among these three columns, the ligand exchar
column was most effective for the separation of the sugars. However, the separation between ribose and ribose-borate compl
could not achieve by the column.

Using these methods, we analyzed the polymerization products of glyceraldehyde reacted each other under highly alkalin
conditions with or without sodium borate. The method was successful for the analysis of the residual glyceraldehyde. The result
showed that decomposition of glyceraldehyde were more significant in the sample free from borate. This result suggests th
borate ion improves the stability of glyceraldehydes. On the other hand, the peaks of other sugars were not apparent because
their low yields and the high background counts. All results indicate the usefulness of the newly developed method for studies o
prebiotic ribose formation.

Keywords: LC/MS, Ribose, Formose reaction, Borate
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Formation of Amino acids in non-reducing gas mixtures
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The microbe capture experiment in space: Fluorescence microscopic detection of mi

crobes captured by aerogel
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Microbes have been collected at the altitude up to about 70 km in the sampling experiment done by severdl. §haups
have also collected high altitude microbes, by using an airplane and bati6¥#$’!. We collected new deinococcal strains
(Deinococcus aetheriuand Deinococcus aeriysand several strains of spore-forming bacilli from stratospRé&#e!. On the
other hand, "Panspermia” hypothesis, where terrestrial life is originated from outside of Earth, has been [§f8pdRedent
report suggesting existence of the possible microbe fossils in the meteorite of Mars origin opened the serious debate on the pc
sibility of migration of life embedded in meteorites (and cosmic dii$8) If we were able to find terrestrial microbes in space,
it would endose the possibility that the terrestrial life can travel between astronomical bodies.

We proposed a mission "Tanpopo: Astrobiology Exposure and Micrometeoroid Capture Experiments” to evaluate possible
interplanetary migration of microbes, organic compounds and meteoroids on Japan Experimental Module of the Internationa
Space Station (IS8Y!. Two of six sub themes in this mission are directly related to interplanetary migration of microbes. One
is the direct capturing experiment of microbes (probably within the particles of clay) in space by the exposed ultra-low density
aerogel. Another is the exposure experiment to examine survivability of the microbes in harsh space environment. They will tel
us the possibility of interplanetary migration of microbes (life) from Earth to outside of Earth (or vise versa).

In this report, we will report whether aerogel that have been used for the collection of space debris and cosmic dusts cal
be used for microbe sampling in space. We will discuss how captured particles by aerogel can be detected with DNA-specifi
fluorescence dye, and how to distinguish microbes from other materials (i.e. aerogel and particles such as clay). The surface
microparticles captured by aerogel is often vitrified. The non-specific fluorescent light is often observed from vitrified materials.
Therefore, we need to distinguish fluorescent light of stained microbes from that of spectral characteristics of vitrified materials
and bleaching rate are going to be need to distinguish stained microbes with DNA-specific fluorescence dye and other materia
such as clay and aerogel. We simulated the high-speed collision of micro-particles to the aerogel with the two stage light gas gu
(ca. 4 km/s). The micro-particles containing dried cellafnococcus radioduramsixed with clay material were used for the
collision experiment, and the captured particles, which was stained after collision experiment, were observed with a fluorescenc
microscope. This experiment suggests that the captured microbes can be detected and be distinguished from clay materials.

Reference

[1] Yang, Y. et al. (2009) Biol. Sci. Space, 23, 151-163. [2] Yang, Y., et al. (2008) Biol. Sci. Space 22:18-25. [3] Yang, Y., et
al. (2008) JAXA-RR-08-001: 34-42. [4] Yang, Y., et al. (2009) Internatl. J. Syst. Evol. Bacteriol., 59: 1862-1866. [5] Yang, Y.
et al. (2010) Internatl. J. Syst. Evol. Bacteriol. (in press). [6] Arrhenius, S. (1908) Worlds in the Making-the Evolution of the
Universe (translation to English by H. Borns) Harper and Brothers Publishers, New York. [7]Crick, F. (1981) Life Itself. Simon
& Schuster, New York. [8] Chyba, C. and C. Sagan (1992) Nature 355: 125-132. [9] Sandford, S. A., et al. (2006) Science 314
1720-1724. [10] Yamagishi, A., et al. (2008) International Symposium on Space Technology and Science (ISTS) Web Pape
Archives. 2008-k-05.
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Microbes-capturing experiment in "Tanpopo” mission on ISS -Toward the detection of

captured microbes in space by microbi
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Terrestrial life may fly off into outer space by volcanic eruption meteorological impacts, and so on. Microbes have been col-
lected from high altitude up to 70 km since 1936 [1]. We also isolated microbes at high altitude up to 35 km using an airplane
and balloons. The two isolates of these microbes are new deinococcal species, one of which shows higher UV ray tolerance th:
Deinococcus radiodurans [2,3]. On the other hand, panspermia hypothesis for origin of life on Earth suggests that the life o
precursor materials of life came from space [4,5]. But this hypothesis can be subjected to several criticisms [6,7]. If microbes
were to exist at the high altitude of low earth orbit (400 km), it would endorse the possibility of interplanetary migration of
terrestrial life. We proposed the "Tanpopo” mission to examine interplanetary migration of microbes and organic compounds
on Japan Experimental Module (JEM) of the International Space Station (ISS) [8]. We will capture micro-particles including
microbes and micro-meteoroids at the altitude of ISS orbit (400 km) with ultra low-density aerogel exposed to space for a giver
period of time.

After retrieving the aerogel, we will investigate captured microparticles and tracks followed by microbiological, organic chem-
ical and mineralogical analyses. Captured particles will be analyzed after the initial curation of the aerogel and tracks. Particle
potentially containing microbes will be used for PCR amplification of small subunit (SSU) rRNA gene followed by DNA se-
guencing. Comparison between the determined sequences and known SSU rRNA gene sequences of terrestrial organisms v
suggest the origin and properties of the organism. The density of microbes at the ISS altitude might be quite low, and microbe
cell number on each captured particle may be quite limited. Therefore, it is necessary to establish the effective PCR procedure f
quite small amount of DNA template in the presence of other materials such as clay and aerogel. We will report current status o
the PCR identification of microbes from test samples. The PCR conditions to amplify SSU rRNA gene from quite small number
of cells and quite low concentration of genomic DNA with/without clay and aerogel are examined.
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67-75
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