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Polymerization of amino acids is an essential process for the origin of life. Several geological settings have been proposed ¢
the place for the polymerization: sub-marine hydrothermal vent (knai., 1999), tidal flats (Lahaet al., 1978), and marine
sediments (Nakazaweaf al., 1993). Previous studies suggest the importance of the marine sediments to produce longer peptides
(Oharaet al., 2007; Otakeet al., 2011). These previous studies suggest that the reactivity of each amino acid is widely different.
This may lead to skepticism about the formation of peptides composed of plural amino acids. However, there has been no e
periment that investigated the oligomerization of plural amino acids. In this study, we investigated polymerization of methionine
under the conditions of high temperature and high pressure (4€17150 MPa, 0-96 hours).

Starting materials were solid methionine and solid methionine with solid glycine, water, aqueous ammonia, or ammonium
hydrogen carbonate. The additives in the starting materials other than glycine (water, aqueous ammonia, and ammonium hydr
gen carbonate) are simulating decomposition products of glycine. Ammonium hydrogen carbonate decompose gtbout 60
and yields ammonia, carbon dioxide, and water. For each starting material, 0.43 mmol of methionine were used. The amounts ¢
additives were 0.43 mmol. Each starting material was sealed into a gold tube of 25 mm length and 5.5mm diameter. Then, hig
temperature and pressure conditions were applied using a test-tube-type autoclave system. Amino acids and their oligomers we
extracted into aqueous solution from the experimental products and analyzed with a high performance liquid chromatograp!
connected to a mass spectrometer (LC/MS).

Methionine was polymerized to di-methionine, tri-methionine and methionine diketopiperazine in experiments adding water,
ammonia, ammonium hydrogen carbonate, and glycine. On the other hand, peptides other than di-methionine were not forme
in experiments using methionine alone. Methionyl-glycine and glycyl-methionine were produced in experiments containing eact
additive. In all experiments, methionine decomposed with reaction time. In experiments with additives, reaction rates of me-
thionine decomposition and methionine-peptide formation were increased. These rates were especially increased in sampl
containing aqueous ammonia, and ammonium hydrogen carbonate, suggesting that ammonia and carbon dioxide promote t
production rates of peptides and decomposition reactions of methionine. Compared with previous studye{@haz2a07),
these results indicate that the reaction rate of methionine peptide formation was far lower than that of glycine. However, this
rate was increased with addition of glycine. The present results also suggest that decomposition products of glycine especial
ammonia and carbon dioxide increased the reaction rate of methionine.

When these results are applied to diagenesis in Hadean marine sediments, these results suggest that amino acids of low re
tivity may be activated by amino acids of high reactivity and produced peptides composed of both amino acids.
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When the surface of Hadean Earth solidified, it is thought that the atmosphere of the Earth was composed mostly carbon dio»
ide and nitrogen (Kasting and Howard, 1993). It has been suggested that one of the process to supply organic molecule on ea
Earth was the oceanic impact. It was suggested that amines, carboxylic acids, and glycine were formed by the shock-recove
experiments simulating oceanic impact on early Earth (Furukawa et al., 2009). The previous study used starting materials con
prising mixture of iron, nickel, carbon (13C), and gaseous nitrogen or ammonia. However, no previous study has examined effect
of brine composition on the formation of organic molecules by oceanic impact. In this study, shock-recovery experiments were
performed with a single-stage propellant gun to investigate the effects of ionic strength on the formation of organic compound:
by oceanic impact on early Earth. We used starting materials comprising mixture of iron, nickel, carbon (13C), gaseous nitro-
gen, and sodium chloride solution or water. After the impact experiments, soluble organic compounds were extracted into wate
and analyzed amines, amino acids, and ammonia by liquid chromatography-mass spectrometer (LC/MS). Solid materials wel
analyzed using X-ray powder diffractometry (XRD) after drying. Glycine, methylamine, ethylamine, and propylamine whose
carbons are composed of 13C were identified in the sample free from sodium chloride. While, only 13C-methylamine and 13C-
ethylamine were identified in the sample containing sodium chloride. Iron was more oxidized in the sample containing sodium
chloride. This suggests that more ammonia was formed in the sample containing sodium chloride. On the other hand, yields ¢
amines in the sample free from sodium chloride were higher than those containing sodium chloride. This suggests that sodiur
chloride restricted the reaction to form alkyl chain or reactions between ammonia and hydrocarbons. The present results sugge
that sodium chloride restricts the reactions forming organic molecules by oceanic impact on early Earth.
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Ribose is an essential component of RNA, and its formation in the prebiotic Earth is important to promote chemical evolution
for origin of life. For the abiotic ribose formation, the formose reaction has been investigated by previous researchers [e.g., 1]
The formose reaction produces carbohydrates by series of polymerization of formaldehyde with catalytic base [2]. The carbo
hydrates produced in this reaction contain pentoses (ribose, arabinose, xylose, and lyxose). One of the problems is that the
carbohydrates are highly reactive in alkaline solutions. Therefore, pentoses are rapidly decomposed. Recently, researchers p
posed that ribose is stabilized by the complexation with borate and silicate [3, 4]. Ricard et al., (2004) offered the experimenta
data indicating the increased stability of the total amount of pentoses by the complexation with borate. However, there has bee
no clear evidence as to which pentoses are stabilized by effects of borate. Because the formose reaction produces variety
carbohydrates, it is difficult to perform quantitative analysis of each product. In particular, quantitative analysis of ribose needs
chromatographic separation accompanied with mass spectrometry analysis. However, a previous analytical method for each pe
tose needed derivatization. In the present study, we report the qualitative analytical method for ribose in the mixture of pentose
without derivatization. Then, we analyzed ribose in the products of a simplified formose reaction in the presence of borate.

New analytical method for pentoses and pentose-borate complex was developed using a liquid chromatograph (2695 sepal
tion module; Waters Co.) connected to a tandem mass spectrometer (Quatromicro API; Waters Co.). Several ligand exchang
columns and eluents were tested in order to identify the suitable combination to separate pentoses and pentose-borate comple»
As a result, pentoses were separated using the ligand exchange columns with a function of zinc coordination. The ligand e»
change columns with a function of sodium coordination retained pentose-borate complexes. Using these analytical methods, w
performed experiments to examine borate effects to stabilize individual pentose (experiment 1) and products by the simplifie
formose reaction under borate presence (experiment 2). In the experiment 1, decomposition rates of individual pentose wel
investigated in an alkaline solution. Experiments were performed either with or without sodium borate. The results indicate tha
the presence of borate affected differently on the stability of individual pentose. The decomposition rates of ribose and arabinos
were decreased significantly in borate solution, although decomposition rates of xylose and lyxose were not affected by borate

In the experiments 2, glyceraldehyde and glycolaldehyde was reacted in base with or without sodium borate. Formation o
pentoses including ribose was confirmed and the yields of all pentoses became maximum within 5 minutes. After 5 min, the
yields of pentoses decreased, although the yields of some pentoses experiments with borate became higher than those with
borate. This result indicates that effects of borate differ depending on individual pentoses. In both experiments, the yields o
ribose increased by the addition of borate. Pre-biotic ribose was most likely formed and stabilized under borate-rich Hadeal
oceans, which was also supported by finding of borate minerals in the early Archean sedimentary rocks.
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Peptide formation is an important process of the chemical evolution of precursor life on the primitive earth. It has been believec
that sediments were good environment to proceed the chemical evolution, since mineral surface promoted oligomerization c
amino acids and other biomolecules. In this study, the thermal behavior of amino acid adsorbed on minerals surface dry and wi
condition was observed to evaluate the role of minerals for oligomerization.

Glycine (Gly) was adsorbed on alumina, amorphous silica and montmorillonite in 0.1 M solution. After drying, those were
heated at 150 degree C for 3-288 hrs under wet and dry condition in glass ampoules. Gly and peptides were desorbed fro
mineral surface by 0.1 M Caghnd the amounts of Gly remained and synthesized peptides were determined using HPLC.

The amount of Gly remaining on minerals exponentially decreased with heating time; 20 to 48 % Gly remained on mineral
surface under dry condition after 288 hrs, and 59 to 73% under wet condition. 70% and 98% of Gly remained after heating withou
minerals under the dry and wet conditions, respectively. Minerals would not be protectors of amino acid but good catalysts tc
promote Gly reaction. Kinetic calculation indicates that the reaction rate of amino acids on mineral surface is 1.5-6 times faste
under dry condition than wet condition. Since the decomposition of amino acids under wet condition was more slowly than
under dry condition, dehydration would be the most dominant reaction under dry condition. Water inhabits Gly reaction under
high temperature condition. The three types of peptide: diketopiperazine (DKP), diglycing @aly triglycine (Gly) were
detected in the system including montmorillonite heated under dry condition and reference solution. Peptides were not forme
when amino acid adsorbed on alumina and silica was heated both in dry and wet conditions, probably because the concentration
peptide on aluminia and silica surface was too low. The 15.57% of Gly monomer became peptides on montmorillonite under dry
condition, and the most abundant product was DKP (10.03%). On the other hand, only 0.5% of Gly became DKRB adeGly
yielded in the solution without minerals. Thus, the peptides are accumulated more under the dry condition than hydrotherma
condition, and the montmorillonite is a good catalyst.

Water was added to montmorillonite system after heating at dry and 150 degree C condition (dry/wet condition) for 168
hrs to check the change of stability of peptide synthesized and Gly monomer before and after the hydrolysis. 11.17% of DKF
remained after heating in dry condition, while only 1.54 % of DKP remained in dry/wet condition. Decomposition rates of
Gly, and Gly;were lower than that of DKP in those systems. The water added in the system promoted hydrolysis of DKP and
Gly monomer, and destabilized those on the montmorillonite surface. The DKP on the montmorillonite would decomposed by
hydroxyl ion, which was generated on mineral surface by the reaction with water. The existence of excessive water and hydroxy
ion is obstacle to condense DKP and elongate to form longer peptide. The maintaining of thermal dry condition is important
to form and condense DKP on clay mineral surface.The condensation of DKP would be important as the first step of chemica
evolution of life. If so, dry condition and existence of clay minerals would be essential factors to proceed the chemical evolution
of precursor life on the primitive earth.
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Origin of life on the Earth is one of most important issues for the biological studies. To explain how organisms on the Earth
were originated at the quite early stage of the history of Earth, Panspermia hypothesis was proposed [1, 2]. Recent findings of tt
Martian meteorite suggested possible existence of extraterrestrial life, and interplanetary migration of life as well. On the othe
hand, microbes have been collected from high altitude using balloons, aircraft and meteorological rockets since 1936, though
is not clear how could those microbes be ejected up to such high altitude [3]. We have also collected microorganisms at higl
altitude by using airplanes and balloons. Spore forming fungi and Bacilli, and Deinococci have been isolated in these experi
ments. Our two high-altitude isolates of Deinococci were then suggested to be novel species by molecular phylogenetic analys
and other microbiological characterizatior. @eriusfrom top of troposphere anB. aetheriusfrom bottom of stratosphere)

[4-6]. Spores and Deinococci are known by their extremely high resistance against UV, gamma ray, and other radiations [4]
D. aeriusandD. aetheriusshowed high resistance comparable withradioduran®R1 to the UV and ionizing radiation such as
gamma rays. If microbes could be found present even at the higher altitude of low earth orbit (400 km), 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 1SS orbit and space exposul
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 different depth of layered cells. This simulates d
ferent sizes of cell aggregates. Surface cells may protect inner cells against UV, although the former might die. Dried vegetativ
cells of D. radioduransand our novel deinococcal species isolated from high altitude are candidates for the exposure experi-
ment. We are now testing survivals of deinococcal species and strains under the harsh environmental conditions simulating IS
environmental conditions (UV, radiation, temperature, etc). The species we testify ra@oduransgR1, and some mutant
strains for DNA repair systems which might affect survivability of cells under these conditidng®othermalisD. aerius and
D. aetherius|n this paper, we discuss current status of exposure experiment of microorganisms defined for the Tanpopo missiol
and others.
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