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Abstract

Amino acids are life’s essential building blocks on
Earth, and possibly are in Universe. However, what
environmental conditions favor their abiotic
polymerization remains poorly understood. Here I
introduce a thermodynamic predictive model for amino
acid polymerization on mineral surfaces using
L-lysine-silica combination [1] as an example. This
methodology enables calculation of the monomer—
polymer equilibria of amino acids in the presence of
minerals as a function of various environmental
parameters (e.g., pH, ionic strength, amino acid
concentration, and  solid/water ratio). Future
experimental characterizations of amino acid—mineral
interactions and thermodynamic prediction using
thereby obtained datasets will provide a quantitative
insight into geochemical settings favorable for the
generation and elongation of peptides and their
sustained life’s origin on Earth and other Earth-type
planets.
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Figure 1. Thermodynamically predicted lysine

dimerization behaviors in a simulated planetary surface
environment. (a) Lysine synthesized through various
geochemical processes was dissolved in a rain water (1),
was deposited onto a sandstone layer with an average
pore diameter of 4 um or the pore surface-to-volume
ratio of 1000 m*> L™ (2), was separated from other
aqueous species in the course of water penetration into
the layer (3), and was concentrated by drying (4). (b)
Equilibrium lysine dimer concentrations as a function of
pH were calculated assuming the four situations depicted
in (a). The reaction conditions are; (1) 0.1 mmol kg™
Lys in 10 mmol kg' NaCl aqueous solution, (2) 0.1
mmol k%" Lys in 10 mmol kg™' NaCl in the presence of
1,000 m* L™" Si0,, (3) 0.1 mmol kg™ Lys in 1 mmol kg~
! NaCl in the presence of 1,000 m> L™ SiO,, (4) 1 mmol
kg™ L?/s in 10 mmol kg™ NaCl in the presence 10,000
m® L™ Si0,. All calculations were performed using a
modeling program Visual MINTEQ version 3.1 with
thermodynamic parameters reported by Kitadai et al. [1].
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