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Evidence for life on Earth before 3800 million years ago

S. J. Mojzsis et al. (1996)
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. Miller, Science, 117, 528 (1953).
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Glycine yield vs. Total energy deposit
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Energy dependence of glycine formation on the total energies deposited in the gases,
where a mixture of CO (280 Torr), N, (280 Torr) and H,O (20—50 Torr) was

irradiated with: protons of 2.8—4.0 MeV (@), protons of 40 MeV (@),
helium nuclei of 65 MeV ([J]), and electrons of 400 MeV (A).



G-Value of Glycine vs. Energy per particle or photon
Starting material: CO 350 Torr + N, 350 Torr + H,0O 20 Torr

s R R R S B R s s s ]

/\  Particles
@ Photons

0.025 : : :

0.02 [ TN A A —

0.015 —

0.01 - -

G-value of Glycine

0.005 =

0Oe—o I T | | -
0 2 4 6 8 10
log (energy per particle or photon/ eV)




Photo-Dissociation and lonization of Molecules
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NH3
NH3
NH3
NH3

NH> + H -----280 nm
NH + H» ---=-224 nm
NH + H + H-—-—147 nm
NH3+ + e- -----122 nm

AR AR

{

CHa
CH4

CHs + H --===276 nm
CHs+ + e- ----124 nm

d

C+ 0 -—---147 nm
CO+ + e- --—-90-110 nm
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CO
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Formation of Amino Acid Precursors from
Simulated ISD Ices by Proton or UV Irradiation
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Proton Irradiation
Kobayashi et al., 1995
Kasamatsu et al.,, 1997

UV Irradiation
Briggs et al., 1992
Kobayashi et al., 1999
Bernstein et al., 2002
Caro et al., 2002

After hydrolysis
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Irradiation experiments
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G-Values of Amino Acids from a Mixture of
CH5;0H, NH; and H,0 by UV Irradiation
(After acid hydrolysis).

Gas: 353 K, liquid: 293 K, solid: 77K
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‘ Meteoritic amino acids I

i
CHy Gy
Fig. 1. Stuctum of 2-a-2 3-dmpa. This amino
=y ack has two chiral centers and, consequenty,

four sterecisomers: the D and L forms of a-mettty-
steucng and a-mathvvaiolsolaucine,

(Murchison Meteornte)

Tirse {radr)
Rg. 3. (A) TotaH-ion chrometogram of 2-a-2,3-dmpa stereocisomarns

2 —F VU VBRBEDLAAT I J BEBF|(%D—%L)

2-amino-2,3-dimethyl-pentanoic acid: +9.2 %
|sovaline: +8.4 %, a-methylnorleucine: +4.4%
a-metylvaline: +2.8%, a-methylnorvaline: +2.8%

Cited from Cronin and Pizzarello, Science, 1997.



Neutron Star
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Amino acid precursors

Gly NH_,,H
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Retention time / min.

lon-exchange chromatograms of amino acids in thr product of UV irradiation after acid
hydrolysis. A gas mixture of CO (350 Torr), NH5 (350 Torr) and H>O (20 Torr) was

irradiated with 1.2 x102! eV.



Table  Enantiomeric excess of D,L-alanine in the complex organics formed by ultra violet circularly polarized lights derived from
synchrotron radiation.

B L L R S

CPL Energy deposit Enantiomer ratio Enantiomeric Excess* Sample analysis Confidence
Beam eV %D %L %D — %L corrected S number of runs level
none none 51.32 48.68 2.64 0.00 0.34 7 -
RCPL 1.57 X 1010 51.54 48.46 3.07 +0.44 0.30 7 >95%
LCPL 1.57 X 1010 50.99 49.01 1.98 -0.65 0.22 7 >99.8 %

* The enantiomeric excesses were calculatedas (| L-D |)/(|L+ D) X100 =| %L - %D |.

Then, the corrected enantiomeric excesses were substrated from enantiomeric excesses of CPL-irradiated samples to that of none
of CPL-irradiated ones. Hence the value of 2.64 % means characteristic value in chiral separation with RP-HPLC column.
Confidence of the corrected enantiomeric excesses are based on Student's t-test 19.

Ngs(E) Ry (E) Twin(E) [L-expl- K(E) pL}] cE
photon = NsR(E) Rmir (B) Twin(E) [1-exp{- Kk(E) pL}] EdE
(Eaps E Ecutoff)

*N photon
*%* E
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Gel filtration chromatograms of proton irradiation samples from the gas mixtures of
CO-NH3-H50. (@) proton irradiation sample, (b) proton-L CPL-irradiation sample.

Analytical conditions:
Pump: TOSOH DP-8020
Detector: TOSOH UV-8020
Eluent: Phosphate buffer (pH 7.5) 75% + Acetnitrile 25% (25 mM)
Column TOSOH TSK-Gel
Flow rate: 0.7 ml/min
Wavelength: 195 nm




Advantages of Extraterrestrial Organics
as Sources for the First Terrestrial Life
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1)Terrestrial formation greatly depended on molar
ratio of CO in the primitive atmosphere, while
considerable amount of CO, CH4 or CH;0OH can be
expected in interstellar media.

2) Enantiomeric excess of amino acids in meteorites
suggests that Biochilarity may have been
generated in cosmic events.

3) Interstellar media is a complex mixture of
reducing and non-reducing materials, which
causes the formation of a wider variety of
bioorganic compounds, including nucleic acid
components.
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Submarine Hydrothermal Vents
and the Origin of life
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Chemical

1. Thermal energy from
magma and quenching
by cold seawater

2. Reducing environment
(H,, H,S, CH,, NH;,..)

3. High concentration of
metal ions (catalysts)

Biological

1. Hyperthermophiles
locate near the root of
the phylogenetic tree




Apparatus simulating submarine hydrothermal systems
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GC: gas cylinder, R: reservoir, P: HPLC pump, IV: Injection valve,

IRGF: Infrared gold image furnace, RT: reaction tube, TC: temp. controller,
TD: temp. display, tc: thermocouples, CB: cold bath, CJ: cooling jacket,

UT: outlet tubing, ST: sampling tube
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Abiotic Synthesis of RNA
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1) HCN — Adenine or Other Bases

2)HCHO  — Ribose or Other Sugars
(trace!)

3) Adenine + Ribose — a-Adenosine, J -Adenosine, or pseudo-Adenosine
4) Volcanic gas, Clay (apatite) or PH3 — Phosphate?

5) B -Adenosine + Phosphate — Adenosine-2’-phosphate, 3" -phosphate,
2’,3’-phosphate, or 5" -phosphate
(AMP; pA)

6)pA+pA — (2’-5")pApAor (3°-57)pApA

Natural isomers
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