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Complex (High Molecular Weights) Organics
in Space as Possible Sources for the First Life

Interplanetary
dust particles

Amino acids
Nucleic acid
bases

Fatty acids,..

Large
molecular

weight organi :
CIGNCOIGaNIS ~ Carbonaceous chondrites
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Origin of Organics in Comets and Meteorltes
Formation in Molecular Clouds s

Uv
CR _ Ice mantle /

\_. —  (H,0,CO, CH,0H, NH,,.
TS Small carbon partlcles
- Silicate core

-~ Organic refractory Greenberg Model:

New organic layer ~ Complex organics are formed in ice
mantles of interstellar dust
particles in molecular clouds

Irradiation Products

v'Estimated molecular weights:
thousands

v’ Amino acids were formed after
hydrolysis

Simulation
Experiments
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Alteration and Delivery of
Interstellar-origin Organics
in the Solar System:

Were IDPs major carriers? | “}

<-IDPs delivered more
organics to to the Earth
than meteorites and comets

<-IDPs delivered organics
more safely than meteorite
and comets,

10%<_
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<-IDPs are directly exposed
to solar / cosmic radiation.

<-IDPs are easily
contaminated from P !

terrestrial biOSphere. 44 42 40 Tim:ze(Gyr:gi) 34 32 30
(Chyba & Sagan, 1992)
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Delivery of intact exogenous organics (kg carbon yr-1)
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The Tanpopo Mission
on the Exposed Facility of JEM, ISS

Objectives:

« Microbe capture
- Microbe exposure

« Analysis of organics in
space dusts

« Organics exposure

- Development of new
aerogel

« Monitoring of space
debris
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Capture of Cosmic Dusts and Analysis
of Organic Compounds in Them

* Capture of cosmic dusts (including ( A
interplanetary dust particles) with ultra-low - ..
density aerogel

*Analysis of amino acids after HF digestion and
hydrolysis RELE (FER)

Ultra low-density aerogel

*Characterization of insoluble organic materials \_ Y

Exposure of Organic Compounds

Amino acids and their precursors will be exposed to solar UV and cosmic
radiation for 1-3years.

*Glycine o
-Hydantoin (Precursor of glycine) ; \)é

Isovaline (a-methyl non-protein amino acid)

«5-Ethyl-5-methyl hydantoin (Precursor of Isovaline)

“CAW” (Complex amino acid precursors produced by proton
irradiation of a mixture of CO, NH; and H,0O)

Hydantoin
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Summary

1. The organic exporure 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.

2. Inthe Capture Experiment, cosmic dusts were captured
with ultra-low density aerogel, and organics including amino
acid precursors will be characterized.

3. Inthe Exposure Experiment, stability of free and combined
amino acids will be compared after 1-3 years’ exposure to
space UV and radiation.

4. Contribution of low MW precursors or high MW ones to the
first life on the Earth will become clear in this experiment.

5. The experiments would be launched in Fall, 2014 at the
earliest.
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