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Theoretical investigation of amino acid formations on interstellar dusts
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Molecular evolution in the interstellar space remains unsolved. Formations of molecules in space have been extensively studie
by experiments and space observations. Formations of complex organic molecules are expected in the interstellar space. In fa
some amino acids were found in meteorites and amino acids were detected after UV irradiation of interstellar ice analogs.

In the amino acid formation in space, many precursors and molecular evolution pathways are expected. Among these possib
pathways, it is very important to know the energy profiles and molecular structures in the major formation pathways. In this
study, possible amino acid formation pathways are investigated by using accurate quantum chemistry methods at the densi
functional theory levels.

Two formation pathways of glycine and alanine were examined: (1) hydrolysis of aminoacetonitrile and (2) hydrolysis of
hydantoin derivatives. In the aqueous solution model, Polarizable Continuum Model was used.

Calculated formation energy of glycine is the most stable in the formation pathway in vacuum and no excessively stable
intermediates existed. In aqueous solution, hydantoin pathway was slightly unstabilized. In conclusion, glycine production is
considered to be occured easily if the components exist. Similar trend is expected for the alanine production.
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Cosmic dusts capture on the International Space Station: Progress of the ground-bas:

experiment
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Introduction: Organic matter in interplanetary dust particles (IDPs) records the primitive chemical history in the early Solar
System as well as it is thought to have delivered the building blocks of life to the early Earth (Chyba and Sagan, 1992). The
Japanese Astrobiology working group, Tanpopo, is planning to collect the IDPs using a low-density silica aerogel ()01 g/cm
(Tabata et al. 2011) on the International Space Station (Yamagishi et al. 2009). The mission has a great advantage that collecti
of the pristine IDPs without atmospheric entry heating and terrestrial contamination will be expected. One thing that has to be
considered is a possible modification of the chemical composition of organic matter in IDPs upon their high velocity impact to
the aerogel. This issue has been also concerned in the Stardust cometary dust sample return mission. Although the laboratc
simulations have been conducted to study the alteration of minerals (Okudaira et al. 2004; Noguchi et al. 2007), the alteration c
organics under a realistic condition has not been well understood. As a ground-based experiment, we have conducted a laboratc
experiment of aerogel capture of Murchison meteorite powder at 4 km/s using a two-stage light gas gun, in order to evaluate th
extent of modification of organic matter in the meteorite.

Experimental: The Murchison meteorite powder (500 ug) of a particle diameter of 30-100 um in a polycarbonate sabot was
shot at "4 km/s using a two-stage light gas gun at JAXA/ISAS. The penetrations of the meteorite powder formed “70 tracks of
10 mm length in aerogel. Six terminal particles were extracted from the aerogel tracks using a tungsten needle and were press
between two Al foils. The particles on the Al foils were analyzed by micro-Fourier transmission infrared (FTIR) spectroscopy
at the beamline 43IR, Spring-8 and Osaka Univ., and micro-Raman spectroscopy at Osaka Univ. For a comparison, pre-shi
Murchison meteorite powder was analyzed by these micro-spectrometers.

Results and discussion: The IR imaging detected the regions of absorptions of aliphatic carbons, CH3 at 28602

at 2920cnt! within the two Murchison terminal particles captured by aerogel. Thus, organic matter is survived through the high
velocity impact at 4 km/s. The spectral intensities of aliphatic carbons in the terminal particles are slightly lower than those in
the pre-shot Murchison meteorite. CH2/CH3 ratios obtained from the IR spectra of the terminal particles were 0.3 ? 3, while
those of the pre-shot sample were 1.3 ? 2. The difference in the ratios may be reflected by modification of aliphatic chains o
organic macromolecules in the meteorite, e.g., demethylation, methylation, or cracking, due to the high velocity impact heating
From the two terminal particles, D- and G- bands, which are derived from carbonaceous matter, were detected by micro-Rama
analyses. Peak widths and positions of the two bands showed similar values to those for pre-shot Murchison meteorite. Thu
modification of aromatic structures after the aerogel capture is unlikely. Although relative amounts of organics were low in the
four other terminal particles, this may be reflected by original heterogeneity of the meteorite.
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Possibility of production of amino acids by impact reaction using a light-gas gun as a

simulation of asteroid impacts
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We are interested in the production process of amino acids in space. Especially, asteroids coming to Titan satellite have mac
impact reaction on the surface including nitrogen gas, water ice and methane. On the Titan surface, various material, produce
by the impact reactions, have been stored under low temperature and dark condition. To do the simulation experiment, a JAX;
2-stage light-gas gun has been used. A projectile with 6.5km/s of speed hits a water + iron target in 1 atm of nitrogen gas
causing an impact reaction. Figure 1 shows a crater on the target. Figure 2 shows produced black soot which deposited onto t
aluminum sheet. The samples produced are carefully collected and analyzed by HPLC, FTIR, TOF-MS. As a result of HPLC,
peaks suggesting the existence of glycine and alanine in the samples produced were confirmed.

Keywords: impact reaction, gas gun, Titan, asteroid, amino acid, HPLC

Fig.1 A crateron the target. Fig.2 Produced black soot deposited onto the
aluminumsheet.
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It has been suggested that organic microspherules played a role as a physical container to maintain catalytic molecules al
their reaction intermediates at concentrations high enough to sustain catalysis in prebiotic chemistry on the early Earth (Webe
2005). Experimental studies on the formation of organic microspherules from a variety of organic compounds, such as amin
acids (Fox and Harada, 1958), gelatin and gum arabic (Oparin, 1976), organic extracts from meteorite (Deamer, 1985; Deam
and Pashley, 1989), interstellar organic analogue (Dworkin et al. 2001), fatty acids and polycyclic aromatic hydrocarbons (Groel
et al. 2012), formaldehyde and ammonia (Cody et al. 2009; Kebukawa et al. 2013) have been reported. However, the formatio
process and stability of these organic microspherules have been unexplored. In this study, sizes, shapes, and distributions
organic microspherules formed during the progress of Maillard-type reaction of formaldehyde and ammonia were investigated.

Experimental:

Paraformaldehyde (120mg), glycolaldehyde (120mg), ammonium hydroxide (54ul), calcium hydroxide (30mg) in 2ml of wa-
ter in a glass tube was heated at 50-90 degrees C for 71-720 hours. For comparison, the samples without ammonium hydroxi
were heated under the same conditions. After heating, the sample solutions were centrifuged. The precipitated material we
rinsed with 2N HCI to dissolve calcium, and dried at 50 degrees C to obtain organic solids. The organic solid samples were
pressed on a indium plate, gold-coated, and observed by a scanning electron microscopy (SEM).

Results and discussion:

After several minutes in heating, all the sample solutions turned yellow and eventually turned brown to black. Organic solids
were produced at 90 degrees C but 50 degrees C. The yields of organic solids from sample solutions with ammonia were 1
times higher than those without ammonia. The yields gradually increased during heating. While distorted-shaped aggregates a
produced from the samples heated for 71-120 hours, micron-sized organic microspherules (0.4-4.0 um) were observed from tho
heated for 240-720 hours. The samples with ammonia show perfectly round shapes of microspherules. Some microspherul
are large and oval in the sample heated for 480 hours. The sizes of the microspherules increased with heating time. Organ
solids produced by the same reaction as this study’s at 90 degrees C for 72 hours consist of approximately equal abundances
aromatic and aliphatic carbons (Kebukawa et al. 2013). This molecular composition could result in amphiphilicity that is related
to formation of the stable microspherules observed in this study. Formaldehyde and ammonia are thought to have been cor
monly present on the early Earth, and thus the organic microspherules formed by these molecules which proceed polymerizatic
efficiently under mild conditions, could have played a role as a precursor of prebiotic cell membrane.

Keywords: organic microspherules, Maillard reaction, prebiotic cell membrane
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We previously proposed an experiment (the Tanpopo mission) to capture microbes and organic compounds on the Jap:
Experimental Module of the International Space Station. An ultra low-density silica aerogel will be exposed to space for one
year. After retrieving the aerogel, particle tracks and particles found in it will be visualized by fluorescence microscopy after
staining it with a DNA-specific fluorescence dye. In preparation for this study, we simulated particle trapping in the aerogel so that
methods could be developed to visualize the particles and their tracks. During the Tanpopo mission, particles that have an orbit
velocity of about 8 km/s are expected to collide with the aerogel. To simulate these collisions, esfmtoccus radiodurans
containing Lucentite particles into an aerogel from a two-stage light-gas gun (acceleration 4.2 km/s). The shapes of the capture
particles and their tracks and entrance holes were recorded with a microscope/camera system for further analysis. The si
distribution of the captured particles was smaller than the original distribution, suggesting that the particles had fragmented. W
were able to distinguish between microbial DNA and inorganic compounds after staining the aerogel with the DNA-specific
fluorescence dye SYBR green | as the fluorescence of the stained DNA and the autofluorescence of the inorganic particles dec
at different rates. The developed methods are suitable to determine if microbes exist at the International Space Station altitude

Keywords: Aerogel, Space experiment, Hypervelocity impact experiment, DNA-specific fluorescence dye.

Keywords: Aerogel, Space experiment, Hypervelocity impact experiment, DNA-specific fluorescence dye
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Molecular approach to the characterisation of Sri Lanka red rain cells
Molecular approach to the characterisation of Sri Lanka red rain cells
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The recent mysterious phenomenon that has attracted much attention is that of the red rain which fell in Polonnaruwa, Si
Lanka, on 13 November 2012. The microbial content in red rain shows generic similarities to that of the Indian red rain which
fell in 2001. The morphological property of those microbes has been well documented [1,2]. Various microscopic analyses of
our Sri Lankan red rain sample indicate that the defining red rain cells (RRC) exist in the presence of other microorganism:s
including diatoms. In our past paper, the ultrastructure of RRC shows that it is possibly a spore-form and so allowing them to
thrive in the extreme upper biosphere conditions [3]. We also show the presence of uranium in the abnormally thick cell wall of
RRCs.

In this report, we present the molecular approach to the characterisation of microbial communities in red rain and reveal the
genus of RRCs. A beads-beating protocol is carried out for the efficient extraction of DNA and denaturing gradient gel elec-
trophoresis (DGGE) for the analysis of microbial communities.
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