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Introduction:

Amino acids are among the most important prebiotic
molecules as it is from these precursors that the build-
ing blocks of life were formed [1]. Although organic
molecules were among the components of the
planetesimals making up the terrestrial planets, large
amounts of primitive organic precursor molecules are
believed to be exogenous in origin and to have been
imported to the Earth via micrometeorites, carbona-
ceous meteorites and comets, especially during the
early stages of the formation of the Solar System [1,2].

Our study concerns the hypothesis that pre-
biotic organic matter, present on Earth, was synthe-
sized in the interstellar environment, and then im-
ported to Earth by meteorites or micrometeorites. We
are particularly concerned with the formation and fate
of amino acids. We have already shown that amino
acid synthesis is possible inside cometary grains under
interstellar environment conditions [3]. We are now
interested in the effects of space conditions and mete-
oritic impact on these amino acids [4-6]. Most of the
extraterrestrial organic molecules known today have
been identified in carbonaceous chondrite meteorites
[7]. One of the components of these meteorites is a
clay with a composition close to that of saponite, used
in our experiments.

Two American teams have studied the effects
of impact on various amino acids [8,9]. [8] investi-
gated amino acids in saturated solution in water with
pressure ranges between 5.1 and 21 GPa and tempera-
ture ranges between 412 and 870 K. [9] studied amino
acids in solid form associated with and without miner-
als (Murchison and Allende meteorite extracts) and
pressure ranges between 3 and 30 GPa. In these two
experiments, the amino acids survived up to 15 GPa.
At higher pressure, the quantity of preserved amino
acids decreases quickly. Some secondary products
such as dipeptides and diketopiperazins were identified
in the [8] experiment.

Material and methods:

In order to study the effects of meteoritic impact on
amino acids, samples were prepared by mixing 0.5
pumole of eleven amino acids and one dipeptide with
0,175 mg of saponite clay to simulate carbonaceous
chondrite meteorites.

The samples were impacted at different pres-
sures at the NASA Johnson Space Center Experimen-
tal Impact Laboratory: 153 Kbar, 210 KBar and 289
Kbar, simulating meteorite impacts with velocities of
approximately 3 km/sec, 4.2 km/sec and 5.8 km/sec
respectively

The organic compounds were extracted from
the saponite clay with a water/organic solvent solution,
functionalized to become volatile and analyzed by
GC-MS (gas chromatography coupled with mass spec-
trometry)

Two methods of derivatization were used :
the first was described by [10] in order to measure the
percentage of remaining amino acids the second was
developed in our laboratory [11] in order to determi-
nate if racemization process has been occurred during
the impact shock.

Results: Figure 1 shows all the results obtained for the
11 amino acids and the dipeptide.

120%

100%

——Aib
—=—D-Ala
80% Gly
Abu
—*—D-Val
—o—tleu
—+—NorVal

20% ——D-Asp
D-Ser

(Ala)2
20% Cys
(Ala)2
DAPA
0% 1 0 0 i 0 0

1%0 170 190 210 230 250 270 ZTO

Figure 1. The survival of the amino acids and dipep-
tide used in the experiment at pressures ranging from
153-289 Kbar.

The results indicate good preservation of the amino
acids and demonstrate that most of them were still pre-
sent even with a 289 Kbar pressure impact. The sur-
viving molecules fall into two groups: the first group
consisted of amino acids with an alkyl chain (Aib, D-
Ala, Gly, Abu, D-Val, tLeu and NVal), whereas the
second group was made up of amino acids with a func-
tional group in the lateral chain and of the dipeptide
(Asp, Ser, Cys, DAPA and (Ala),). These last com-
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pounds were less resistant and were not found when
the highest pressure was used.

It was noted that there was a enantiomeric-
selective destruction of certain amino acids that led to
their racemisation.

Discussion and conclusions:

Our experiment used different amino acids to those of
the previous studies [8,9], thus expanding the database
of the effects of impacts on amino acids. Moreover, the
quantities of amino acids used are smaller and more
comparable to those found in meteorites.

There was good preservation of the amino
acids in our experiment, even up to pressures of 289
Kbar. Our results are in agreement with the amounts
of amino acids found in meteorites, indicating that the
experiment was a good simulator of meteorite impact
conditions.

Our results throw up a possible explanation
for the enantiomeric excesses that have been found in
carbonaceous meteorites, for example Murchison.
These excesses could be provoked by enantiomeric-
selective destruction during impact shock.
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