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

Kensei Kobayashf
LYokohama National University

A wide variety of organic compounds including amino acid precursors were detected in extraterrestrial bodies such as mete
orites and comets, and their relevance to the generation of life on the primitive Earth has been discussed. Laboratory experimer
simulating interstellar dusts in molecular clouds have suggested that complex amino acid precursors could be formed in interste
lar environments. We can draw as follows: (1) Complex interstellar organics were introduced to the primitive Solar system; (2)
further alteration of organics occurred in meteorite parent bodies, comets and interplanetary dust particles (IDPs); (3) the organic
were delivered to the primitive Earth by meteorites, comets and IDPs. It is suggested that IDPs brought much more organic
to the Earth than meteorites and comets. We, however, have very little information about organics in IDPs. We are performing
laboratory simulation experiments how organic compounds are altered in the solar system environments by using accelerator
Both particles accelerators simulating actions of cosmic rays and solar flares and cyclotrons simulating actions of solar radiatior
In addition to them, we are planning the Tanpopo Mission by utilizing the Exposed Facility of the Japanese Experiment Module,
the International Space Station: Capture of interplanetary dusts in space and direct exposure of organic compounds to spa
environments would be done.

Keywords: amino acid precursors, interstellar complex organics, origins of life, interplanetary dust particles, Tanpopo mission.
accelerator experiments
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Valine peptide formation under high temperature and high pressure conditions
Yoshihiro Furukawd, Takato Ishigurd, Tsubasa OtaKke Hiromoto Nakazawd Takeshi Kakegawa
Tohoku University?NIMS

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®@5as200
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.

Keywords: amino acid, polymerization, protein, origin of life, early Earth, pressure
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Experimental and geological link for prebiotic peptide and ribose formation
Takeshi Kakegawé
Tohoku University

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.

Keywords: prebiotic, peptide, ribose, Isua
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On the formation environment of the nano-bacteria fossil-like texture
Yasunori Miurd*
Lyamaguchi University

A characteristic formation environment of a fossil-like material related to life activity are summarized as follows.

1) The shape of the fossil solidified material shows a curved nano-texture at the time of the solidification from a fluid phase.

2) The compositions of fossil solidified materials are carbon-bearing minerals with cations (Ca, Fe, Mg) remained in seawate
fluid phase environment. When it is formed with the surface crust rocks, it contains Si from silicate rocks with complex forma-
tion.

3) Impacted nano-texture with fossil-like curved features can be found in the air environment with a fluid phase compared with
vacuum condition, though both textures are irregular crack textures.

4) The composition of the nanobacteria-like texture organization in the of the fusion crusts of the Kuga iron meteorite found
in Yamaguchi, Japan is Akaganeite composition in minor size.

5) The present results indicate that the nano-bacteria textures of Martian meteorites with magnetite and carbonates separat
are not formed at vacuum collision process, but carbonate formations with changes of positive ions (Ca, Mg, Fe) under fluic
phase.

Keywords: nano-texture, fossil-like, formation environment, fluid phase, carbonate, irregular cracking
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Life detection in Archean rocks: are stable isotopes reliable?
Daniele Pintl*, Ko Hashizumé
LUniversite du QuebeéQOsaka University

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.

Keywords: life, Archean, stable isotope
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Geochemical constraints on the partial pressure of carbon dioxide in the Archaean atmc
sphere from Banded Iron Formations

Minik T. Rosing"*, Dennis K. Bird?, Norman H. Sleef Christian J Bjerrurh
LUniversity of Copenhagen, Nordic Centégtanford Univ., Dept.Earth/Env:Stanford Univ., Dept.Geophy.

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 ea
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 CO2 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
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Microbe space exposure experiments at International Space Station (ISS) in the missic
"Tanpopo”

Shin-ichi Yokobort*, Yinjie Yang', Tomohiro Suginé, yuko Kawaguchi, Yuta Takahashj Issay Narunf, Hirofumi Hashimotd,
Nobuhiro HayasHi, Eiichi Imai®, Hideyuki Kawaf, Kensei Kobayashj Katsumi Marum®, Hajime Mita?, Kazumichi Nakagawd,
Kyoko Okudaird!, Makoto Tabatd, Yuichi TakahasH?, Kaori Tomita-Yokotani®, Masamichi Yamashita Hajime Yand,
Yoshitaka Yoshimurét, Akihiko Yamagisht

ITokyo Univ. Pharm. Life Sci2JAEA, 3JAXA/ISAS, Tokyo Inst. Tech.?Nagaoka Univ. Tech5Chiba Univ.,” Yokohama Natl.
Univ., 3AIST, °Fukuoka Inst. Tech°Kobe Univ.,'Univ. Aizu, '2Yamagata Univ.}3Univ. Tsukuba,*Tamagawa Univ.

To explain how organisms on the Earth were originated at the quite early stage of the history of Earth, Panspermia hypothes;
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 tli2egemamccus one from
top of tropospherel}. aeriug and the other from bottom of stratosphef® &etheriu} [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. aetheriushowed high resistance comparable withradiodurandR1 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 microbs
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 cellsi@f 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 microbe
In this paper, we discuss current status of exposure experiment of microorganisms defined for the Tanpopo mission and others

References
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Prolonged survival of multilayer bacteria under UV radiation and vacuum

Yinjie Yang"*, Kazumichi Nakagaws Tanabe Maikd, Momoki Yohe?, Hirofumi Hashimotd, Shin-ichi Yokobort, Akihiko
Yamagisht

1Tokyo Univ. of Pharmacy and Life Sciencé&obe UniversityJapan Aerospace Exploration Agency

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.g., 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 survivaDofadioduransgainst UV 72,,.,, radiation under vacuum in dependence
of the cell aggregate thickness. At the same, by/,,, 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 unggs,lJ\and vacuum conditions.
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Japan Astrobiology Mars Project (JAMP)

Akihiko Yamagisht*, Yoshitaka Yoshimurg Atsuo Miyakawa, Hajime Hond4, Kensei Kobayashj Takeshi NaganuniaHa-
jime Mita”, Sohsuke Ohrig Hideaki Miyamotd, MELOS Life Search Subgroip

1Tokyo Univ. Pharm. Life Scie? Tamagawa Univ.3Shizuoka Univ. Nagaoka University of Technology.Yokohama National
Univ., *Hiroshima Univ.,” Fukuoka Inst. Tech®Chiba Inst. Tech.?The Univ. Tokyo

The liquid water is considered to be an critical factor for life. Gibbs free energy is another factor that should be counted to
sustain life for long duration. The Gibbs free energy is obtained by reaction between reductant and oxdidant, or from any othe
non-equilibrium state of matter. As an example, aerobic organisms use carbohydrate and oxygen for getting Gibbs free energ
Many types of chemoautotrophic mechanisms are known for the process as well. On Mars surface, methane and oxidative cor
pound such as ferric oxide or sulfate are found, and they can be a sourse of Gibbs free energy. Iron-dependent methan oxidizil
bacteria was found in marine emviroment on Earth (1). This finding suggests possible presence of methane-oxidizing bateria c
Mars surface, if local thermal environment and other resources permit proliferation and metabolism of the bacteria during limitec
portion of time period.

Our project aims to search for the methane-oxidizing microbes on Mars surface. Martian soil will be sampled from a depth
of about 5 or 10 cm below the surface, where organisms are supposed to be protected from harsh hyper-oxidative environme
of Mars surface. Small particles less than 0.1 mm are sieved from the sample, before transferred to analysis section by a micri
actuator. The particles are stained by cocktail of fluorescence reagents, and examined by a fluorescence microscope.

Combination of fluorescence dyes is selected to identify life forms from the soil sample. Intercalating fluorescence dye suct
as SyberGreen is used to detect genetic compounds such as DNA. Membrane specific dye or the combination of dyes is us
to detect membrane surrounding the cell. Substrate dye that emits fluorescence upon cleavage by the catalytic reaction is us
to detect the catalytic activity of the cell. A combination of staining reagents is chosen based on the definition of life. DNA
or genetic material is required for replication of life form. Membrane separating cell from ambient leads to identification of
individual. Catalytic reaction of enzymes drives metabolism. The combination is useful also for detecting pre-biotic organic
material as well as remnant of ancient life.

Hydrolysis of the polymers in the cell followed by HPLC or soft ionization MS for amino acid analysis is effective in examin-
ing whether Martian life is identical or different from terrestrial life. The number and type of the amino acids as well as chirality
will be analyzed to distinguish if the polymers are contamination made by Earth-related life form.

Reference: (1) E. J. Beal, et al (2009) Science 325, 184-187

Keywords: Life search, Mars, microbe, methane oxidizing bacteria, fluorescence microscope
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Development of a LC/MS method to analyze simple sugars: an approach to investigat
ribose formations on the early Earth

Mana Horiucht*, Furukawa Yoshihirb, Otake TsubasaKakegawa Takeshi
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 ¢
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
Hideharu Kuwahark, Hiroya Kurihar&, Takeo Kanekd, Yumiko ObayasHi, Kensei KobayasHfi
LFaculty of Eng., Yokohama Natl. Uni¥Grad. School Eng., Yokohama Natl. Univ.

Introduction

It was suggested that the terrestrial atmosphere at the time of the generation of life was non-reducing gas dominated carbc
dioxide and nitrogen. It was widely believed that organic compounds such as amino acids are not formed effectively from neutra
gas mixtures. In 2008, however, Cleaves pointed out that low yield of amino acids from non-reducing gases previously reporte
was due to be oxidation of amino acids to nitrosamines by nitrate/nitrite during acid hydrolysis: He reported that the yield of
amino acids was greatly increased when ascorbic acid was added to the discharge samples as an antioxidant before acid hyd.
ysis, However, it was not clear that amino acids were produced merely by spark discharges or not. In addition, the precursors ¢
amino acids by the spark discharges have been unknown. We analyzed organic compounds synthesized by spark discharge:
neutral gas mixtures, and examined possible formation pathways of amino acids.

Experimantal
A mixture of 300 Torr of carbon dioxide and 300 Torr of nitrogen was added to a 1.6 L flask with 40 mL of water, and
sparks were fired between two tungsten electrodes for 24 hours. Organic compounds such as carboxylic acids in the produc
were analyzed by capillary electrophoresis. Amino acids were analyzed by HPLC and GC/MS after acid hydrolysis in 6 M HCI
at 120 C for 24 h with or without ascorbic acid. A mixture of pyruvic acid, nitric acid and ascorbic acid was heatCab3
days to examine formation of amino acid since it was previously reported that keto acids were formed from neutral gas mixture:
by spark discharge.

Result & Discussion
Formaldehyde, formic acid, ammonia and nitric acid were detected in the spark discharge products. After acid hydrolysis
with ascorbic acid, Gly, Ala and beta-Ala were detected, while no amino acids were detected without ascorbic acid. After acid
hydrolysis of heated products from a mixture of pyruvic acid, nitric acid and ascorbic acid, a large amount of Gly and trace of
aspartic acid and beta-Ala were formed. This result indicates that amino acids may be formed from reaction between some spa
discharge products such as keto acids with ascorbic acid. In order to test this hypothesis, we are going to perform spark dischar
in a gas mixture with®C-Labelled carbon dioxide.

Keywords: Amino acids, Prebiotic synthesis, Spark discharge, Neutral atmosphere
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Optical properties in UV-visible regions and production rate of organic haze on early
Earth

Tsutoni Sasamott, Yasuhito Seking Seiji Sugité
LFrontier Science, Tokyo Uni¢Dept of Complexity Science and Engineéiept of Complexity Sci & Eng, Univ of To

Standard models of solar evolution predict that the Sun was "25% less luminous at 3.8 Ga (Newman and Rood, 1977). If we
assume that the atmosphere had a transmittance similar to the present, the average early Archean surface temperature would f
been below the freezing point of water. However, the geologic record suggests that liquid water was present by at least 3.5 G
and probably by 4.0 Ga (Sagan and Mullen, 1972, Schopf and Barghoorn, 1967). Thus, additional, strong greenhouse effects &
required to make the early Earth habitable.

Sagan and Chyba (1997) argued that organic haze, such as that formed in Titan’s atmosphere composed of N2 and CF
(McKay et al., 1991), would have produced from CH4 photolysis in early Earth’s atmosphere. Such early Earth haze might have
shielded NH3 sulfficiently that NH3 resupply rates were able to maintain surface temperatures above the freezing point (Saga
and Chyba, 1997; Wolf and Toon, 2010). However, the validity of the UV shielding hypothesis strongly depends on the optical
property and production rate of organic haze formed in early Earth’s atmosphere composed of N2, CO2, and CH4 (Pavlov et al
2001).

Here, we investigate optical properties of photochemical haze on early Earth by laboratory experiments of haze productiol
using a UV lamp from gas mixtures of N2, CH4, and CO2. Although a few laboratory experiments of haze production in early
Earth’s atmosphere has been conducted previously (Trainer et al., 2006), there is no experimental study to measure refracti
indices of organic haze continuously from the UV to near-IR regions. In addition, the previous experiments used a deuteriun
lamp (Trainer et al., 2006), which has the wavelength peak at 160 nm. In this study, we use a UV lamp system using an electri
discharge of H2/He gas mixtures, which produces a UV emission with the wavelength peak at 121.6 nm (i.e., Ly-alpha line)
similar to the solar UV radiation. Based on spectroscopic ellipsometry, we obtain refractive indices and production rates of haze
formed from various gas compositions. We also analyze intermediate gas products with a quadrupole mass spectroscopy.
comparing our results with those of the previously studies on Titan haze (Khare et al., 1984) and on early Earth haze (Hasenko
et al., 2010), organic haze formed by our experiments has small imaginary refractive index. These results indicate that the optic:
depth of the organic haze is thin at the UV wavelengths, suggesting that the UV shielding by organic haze on the early Earth ma
have been less effective than previously thought.

References: Newman and Rood, 1977. Science 198,4321:Sagan and Mullen, 1972 Science 177 52: Schopf and Barghoo
1967 Science 156 3774: Hasenkopf et al., 2010. Icarus 207, 903: Khare et al., 1984. Icarus 60, 127: Pavlov et al., 2001. J. Ge
phys. Res. 106, 23267: McKay et al., 1991. Science 253, 1118: Sagan and Chyba, 1997. Science 276, 1217: Trainer et al., 20(
PNAS 103, 18035: Wolf and Toon, 2010 Science 328, 1266.
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Stability of Bioorganic Compounds in the Exposed Facility of the International Space
Station

Keisuke Ono*, Palash K Sarkér Yukinori Kawamotd, Hidehiko Fushimi, Yumiko ObayasHi, Takeo Kanekb, Kensei
Kobayashi, Hajime Mite?, Akihiko Yamagish?, Tanpopo WG

l'Yokohama National UniversityFukuoka Institute of TechnologyTokyo Pharmacy and Life Science]AXA

A wide variety of organic compounds including amino acid precursors have been detected in such extraterrestrial bodies a
carbonaceous chondrites and comets. It was suggested that these organics were formed in quite cold environments. We irradia
frozen mixtures of possible constituents of ice mantles of interstellar dust particles including water, methanol and ammonia with
high-energy heavy ions from HIMAC, National Institute of Radiological Science, Japan. Amino acid precursors with complex
structures were detected whose molecular weights are up to a few thousands. Such complex amino acid precursors are mt
stronger than free amino acids against radiation. Such organics could have been incorporated in solar system small bodies af
the formation of the solar system and delivered to the primitive Earth.

Possible carriers of such organics are meteorites, comets and interplanetary dust particles (IDPs) that were formed from come
and meteorites. It is suggested that IDPs brought much more organics than meteorites and comets. However, nature of organ
in IDPs is little known, since they have been collected only in terrestrial biosphere.

We are planning a space experiments named Tanpopo, where IDPs would be collected in aerogel equipped on the ExpostL
Facility of the International Space Station. In addition, amino acids and their relating compounds would be exposed to spac
environments to see their possible alteration processes in the interplanetary space. We will report some preliminary results fc
the preparation of the mission including the capture of amino acid-containing particles at high velocity with ultra-low density
aerogel. In addition, we irradiated amino acids (isovaline, etc.), simple precursor of amino acids (5, 5-ethylmethylhydantoin,
etc.), and complex precursor of amino acids (CAW: proton irradiation product from a mixture of carbon monoxide, ammonia and
water) with high energy heavy ions from HIMAC and with ultraviolet light from a deuterium lamp in order to test the stability of
extraterrestrial organic compounds in space.

Keywords: Tanpopo Mission, amino acids, space dusts, cosmic rays, ultraviolet light
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The microbe capture experiment in space: Fluorescence microscopic detection of mi
crobes captured by aerogel

Tomohiro Sugind*, Shin-ichi Yokobort, Yinjie Yang', yuko KawagucHi, Sunao HasegawaHirofumi Hashimotd, Eiichi
Imai®, Kyoko Okudair&, Hideyuki Kawal, Makoto Tabat, Yoshitaka Yoshimurg Issay Narunti, Norihiro Hayashi®, Kat-
sumi Marumd, Hajime Yand, Masamichi Yamashita Kensei Kobayasfj Akihiko Yamagisht

ITokyo univ. Pharm. Life Sci2Yokohama Natl. Univ.2JAXA, *Nagaoka Univ. Tech3Univ. Aizu, 8Chiba Univ.,” Tamagawa
Univ., 83JAEA, °Tokyo Inst. Tech.!°AIST

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 aerisand 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 radioduramaixed 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

yuko Kawaguchi*, Tomohiro Sugind, Yinjie Yang', Yuta Takahashi Yoshitaka Yoshimurg Takashi Tsufi, Kensei Kobayashj
Makoto Tabat4, Hirofumi Hashimotd, Hajime Mite’, Eiichi Imai®, Hideyuki Kawal, Kyoko Okudaird, Sunao Hasegawa
Masamichi Yamashita Hajime Yand, Shin-ichi Yokobort, Akihiko Yamagisht

Tokyo Uni. of Pharmacy and Life ScEFacl. Agri., Tamagawa Uni¥Sch. Eng., Yokohama Natl. Uni¥|SAS/JAXA, >Faculty
of Engineering, Fukuoka InstititNagaoka University of Technolog{facl. Sci., Chiba Univ;Univ. Aizu

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 \
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 ft
guite small amount of DNA template in the presence of other materials such as clay and aerogel. We will report current status ¢
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.

References.
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Icarus, 30,234-238 [7] Davies, R., (1988) Acta Astronautica, 17, 129-135 [8] A. Yamagishi et al., (2007) Biol. Sci. Space, 21,
67-75

Keywords: Astrobiology, limited environment, panspermia hypothesis, development of basic methods, orgin of life on earth



Japan Geoscience Union Meeting 2011 Jd
(May 22-27 2011 at Makuhari, Chiba, Japan) J

©2011. Japan Geoscience Union. All Rights Reserved. apan
Geoscience
I‘%‘?_i?"._
BAOO001-PO7 Room:Convention Hall Time:May 23 14:00-16:30

Chemical signature of Antarctic Marimo and Antractic soils

kyousuke machidé, Saki Nakamotb, Syuuji Satd, Masahi Hard, Takeo Kanekd, Yumiko OobayasHi, Hajime MiteZ, Mari
Ogawa, Yoshitaka Yoshimurg Kensei Kobayashi
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sity

A great number of Antarctic Marimo that is mainly composed with cyanophyta and green algae are developing in the low-
salinity lake (Skallen Oike) in Antarctica. In order to study chemical and biological characteristics, the Antarctic Marimo sample
was characterized by amino acid analysis and by fluorescence microscopy. Antarctic soil samples in Skallen Oike and other a
eas in Antarctica were also chemically characterized.These samples were collected near Showa Station during the 49th Japan

Antarctic exploration mission in 2006-7.

Outer part and inner part of the Antarctic Marimo was sampled, and observed by fluorescence microscopy. The inner pat
sample showed stronger fluorescence due to autofluorescence of chlorophylls. There are little difference in amino acid conce
tration and composition between the inner and the outer parts. Amino acids in Antarctic soil samples are positively correlatec
with alkaline phosphatase acitivity, which suggested that these parameters reflect biological activity in soils. Characteristics o
amino acids and phosphatases in Skallen Oike soil and Antarctic Marimo will be compared in order to study the roles of Antarctic

Marimo in the environments.

Keywords: Antarctic, Antarctic Marimo, soil, microscopic fluorometry, amino acid
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