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Development of a LC/MS method to analyze simple sugars: an approach to investigat

ribose formations on the early Earth
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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.
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Formation of Amino acids in non-reducing gas mixtures
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Optical properties in UV-visible regions and production rate of organic haze on early

Earth
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Stability of Bioorganic Compounds in the Exposed Facility of the International Space

Station
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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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Chemical signature of Antarctic Marimo and Antractic soils
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