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Abstract

During the evolution of life on Earth 3.8 Gyr ago, the Earth was heavily bombarded to impact
events, like Late Heavy bombardment, bombardment by comets, meteorites, and asteroids that
delivered necessary life ingredients such as amino acids to the Earth which are the basic building
blocks of life1,2. The famous Miller’s experiment also demonstrated the possible mechanism for
abiotic synthesis of amino acids under prebiotic conditions on the Earth3. However, there is little
information available on the subsequent steps, i.e., the formation of polypeptides, which play a
critical role in mediating cellular structure, function, and interaction4. The presence of impact craters
on planetary bodies remind the role impact events may have played in Solar System formation and
evolution. The impact-induced shock in such events could be a profound source for complex
chemistry to occur on planetary bodies. Previous studies suggest that such a process can synthesize
biomolecules such as amino acids, nucleobases and peptides5-7. However, the role of impact
processes and its subsequent steps, in prebiotic evolution are poorly understood. In the present
investigation, we performed a series of experiments to study the effect of impact shock on amino
acids.

We exposed various single amino acid and as well as mixtures of amino acids containing two, four,
eighteen and twenty different combinations, to strong shock waves at different Mach number
ranging from 4-6 with reflected shock pressure of about 12-40 bar and temperature of about 2500
K-8000 K (estimated) for 1-2 ms time scale utilizing shock tube facility at IISC Bangalore and PRL
Ahmedabad, India. Infrared signatures of shock processed solid residue revealed the signature of
peptide bond on exposure to impact shock. Analysis using electron microscopic analysis provided
insights into the structure and self-assembly of the formed peptides. The SEM micrographs of shock
processed residue suggest that amino acids polymerized to create ordered arrangments containing
twisted and folded threads, floral structures, globule, and tubular structures with complex textures
(Fig 1). We performed a series of experiments containing the various amino acid mixtures at various
shock conditions. A variety of structures were observed with a different combination of amino acids.
The developed structures in shock processing of amino acids have striking similarities with various
supramolecular structures possessed by peptide assemblies8. Our results are the first detailed report
on the synthesis of self-assembling peptides from simple amino acids using an impact shock



generated in a shock tube.

We know life as a chemical building block of organic molecules. Molecules such as amino acids are
considered as essential precursors of life and are known to be synthesized in various astrochemical
environments. However, the prebiotic origin of biological structures containing proteins or
polypeptides, nucleic acids, lipids, etc., which are the necessary component of cellular life, is still
missing. Our experiments provide a possible route for the formation of complex macroscale
structure that shows the evidence for the evolution of the building blocks of life under impact shock
condition and provides new insights into the potential role of impact-driven shock processes in
prebiotic evolution.

 

References

1. Chyba, C. F., Thomas, P. J., Brookshaw, L. & Sagan, C. Cometary delivery of organic molecules to
the early Earth. Science 249, 366-373 (1990).

2. Chyba, C. & Sagan, C. Endogenous production, exogenous delivery and impact-shock synthesis of
organic molecules: an inventory for the origins of life. Nature 355, 125-132 (1992).

3. Miller, S. L. A production of amino acids under possible primitive earth conditions. Science 117,
528-529 (1953).

4. Frenkel-Pinter, M., Samanta, M., Ashkenasy, G. & Leman, L. J. Prebiotic Peptides: Molecular Hubs
in the Origin of Life. Chemical Reviews (2020).

5. Bar-Nun, A., Bar-Nun, N., Bauer, S. & Sagan, C. Shock synthesis of amino acids in simulated
primitive environments. Science 168, 470-472 (1970).

6. Martins, Z., Price, M. C., Goldman, N., Sephton, M. A. & Burchell, M. J. Shock synthesis of amino
acids from impacting cometary and icy planet surface analogues. Nature Geoscience 6, 1045-1049
(2013).

7. Sugahara, H. & Mimura, K. Peptide synthesis triggered by comet impacts: A possible method for
peptide delivery to the early Earth and icy satellites. Icarus 257, 103-112 (2015).

8. Wang, J., Liu, K., Xing, R. & Yan, X. Peptide self-assembly: thermodynamics and kinetics.
Chemical Society Reviews 45, 5589-5604 (2016).

Powered by TCPDF (www.tcpdf.org)

http://www.tcpdf.org

