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Current State of Organics Exposure Experiments
In the Tanpopo Mission
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roles in generation of terrestrial life.
The Tanpopo Mission is the first
astrobiology space mission utilizing
the exposed facility of JEM, ISS. The
mission includes collection of cosmic
dusts and space exposure of amino
acid-related compounds (free amino
acids and their precursors) in order to
examine possible delivery of
extraterrestrial amino acid-related
compounds by cosmic dusts (IDPs).
The mission started in May, 2015, and
the first sample returned to the Earth
in August, 2016 after about 1 year’s
exposure in space. The other
samples will retune to the Earth in
2017 and 2018. Analysis of the
returned samples is in progress.
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Background

Organic Compounds for the Generation of Life: ..
Exogenous Delivery by Interplanetary Dusts (IDPs 88

If primitive Earth atmosphere was not strongly reducing, endogenous h
production of organics (including amino acids) were restricted.

<

v Wide variety of organic
compounds have been
detected in
extraterrestrial bodies.

v' L-excesses of amino
acids were observed in
carbonaceous chondrites

o

Extraterrestrial organics
were essential for the
generation of life on the

Earth.
4
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Formation of amino
acids in strongly-

Cosmic Rays

Formation of
organics

Import of organics

Proto Solar Nebula

reducing gas mixture

Formation, Alteration and Delivery
f Organic Compounds in Space

Delivery of Organics
to Planets

Solar Cosmic
Rays & UV

Asteroids
Formation and
alteration of organics

O IDPs delivered more organics to to the Earth than meteorites and comets
O IDPs delivered organics more safely than meteorite and COmMets . jocument s provised by saxa




Objectives of the Tanpopo Mission

The Tanpopo Mission
on the Exposed Fac1l1ty of JEM, ISS

The Tanpopa.Missions

Capture of Space Dusts

And Exposure of Organic
" Compounds and Microbes
“in'Space

| Objectives:
- Microbe capture

» Microbe exposure
« Capture and Analysis of IDPs
« Exposure of organics*

« Development of new aerogel
- Monitoring of space debris

of,, (O 01 ¢ cm?

*Ammo aC|ds and their precursors

Glycine Hydantoin =

Isovaline 5-Ethyl-5-methyl hydantoin N/FO "’Q# o
7 ” . . Imaglnary
CAW” (Complex amino acid precursors) ;tNH Hydantoin o | and glycine
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Ground Simulations:
Evaluation of stability of organics by irradiation

Estinated renains (% after 1 year exposure at ISS orbit
uv Y-Ray Heavyion Tenperatue Total
Free Glycine 2x 103 100 100 100 2x10°
amino acids|Bovaline 3x103 >99 100 100 3x10°3
, | Hydantoin 29 100 100 100 29
Amino acid .
- Ethylnethylhydantoin 72 >99 100 100 72
P Conplex organics (CAW) 36 100 100 100 36

Estimated remains (%) after 1 year exposure at ISS orbit (Kobayashi et al., 2014)
Amino acid precursors would be much more stable than free amino acids in space.

Space Experiments:
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Launched in Space exposure Returned to the Earth Exposure plates
April, 2015  started in May, 2015 in August, 2016 afleLfeCAVE! Yun
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Radiation Dosimeters
- Optically stimulated luminescence dosimeter (OSLD)
- Silver activated phosphate glass dosimeter (RPLD)

UV Dosimeters
« Alanine thin film dosimeter
- Alanine recovery was measured by FT-IR.

Preparation of the Exposure Samples (Amino acids & Their precursors)
1. 1.5 uL of 50 mM AA* aqueous solution (75 nmol) was injected to a hole of the exposure

plate and dried.
2. 1 ulL of sat. hexatriacontane in ethanol was injected over the dried ample, and then dried.

Recovery of the Exposure Samples

1. 1 uL of methanol was injected to the sample hole, and then moved to a glass tube (twice).

2. 1 ulL of water was injected to the sample hole, and then moved to the same glass tube (10
times).

3. A set of the sample solutions was acid-hydrolyzed, and were subjected to a cation-
exchange HPLC with post-column derivatization with OPA and N-acetyl-L-cystein (YNU).
Another set was analyzed by GC/MS or LC/MS after derivatization (FIT).
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Preliminary Results & Discussion H

Recoveries of Glycine and Its Precursors

Absorption cross section / 107 cm?

1. Glycine’s decomposition was less than expected. The reason = &0 w0 =
seems to be: :
(a) Hexatriacontane cut the shorter VUV (A <160 nm) that is VUV-UV spectra of amino
. . acids (Nakagawa, 2009)
critical for glycine.
(b) Samples were exposed to solar UV for restricted period
during exposure. '
2. Hydantoin’s recovery was much lower than glycine. It seems Hexatriacontane
to be due to higher absorption of near UV than glycine. F?::::eliszoo_smm |
3. CAW gave high recovery of amino acids after exposure. 225 e vaive sround 130
Complex precursors of amino acids could be robust
molecules in space.

Absorbance
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VUV-UV spectrum of
hexatriacontane
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Summary 8 H

1.  The capture and exposure experiments in the Tanpopo Mission was designed to confirm
the hypothesis that extraterrestrial organics played important roles in the generation of
the first terrestrial life, as well as examination of the hypothesis of Panspermia.

2. The experiments started in May, 2015, and the first sample returned to the Earth in
August, 2016. The last samples will return in 2018.

3. Amino acids and their precursors (hydantoins and CAW (complex molecules synthesized
by proton irradiation of possible interstellar media)) were exposed in space in the
Tanpopo Mission.

4. Preliminary results showed that glycine showed high recovery than expected. It seems
to be due to quite short exposure time and cut-off of shorter VUV by hexatriacontane.

5. CAW also showed high recovery after exposure. Contribution of extraterrestrial amino
acid and/or their precursors to the first life on the Earth would become clear in this
experiment.

6. Astrobiology experiments in Earth orbit of the next generation are now under discussion.
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