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Droplet World Hypothesis: Approaching the Origins of Life via Supramolecular Chemistry
('Graduate School of Engineering, Hiroshima University) OMuneyuki Matsuo'

Addition of
monomer
Growth
Spontaneous Spontaneous Concentration of
polymerization droplet formation macromolecules -
rd ~ /’ -
.. f ‘ ‘\ fl 5 %
oe’e — %  —> -7 Proliferation! :>
o0 0 og® P 9
N_7 ~
Monomer Peptide Peptide Robust
droplet Division droplet
Physical
stimuli

Figure 1. Proliferating peptide-based droplet.

In the research field on the origins of life, the chemical evolution scenario, in which primitive
organic chemicals were spontaneously converted into polymers and then to proliferating
molecular aggregates to form primitive cells, was proposed by Oparin approximately a century
ago". However, the emergence of a proliferating system from primitive monomers has not been
demonstrated. We report the construction of a proliferating peptide droplet using a novel amino
acid thioester as a monomer and achieving spontaneous generation of peptides and self-
assembly of the generated polymer under the same conditions (Fig. 1). The formation of
proliferating coacervate droplets via physical autocatalysis suggests a novel hypothesis, the
“Droplet World” (Fig. 2).

Amino acids (AAs), including cysteine, and hydrophobic thiols (R-SH) were generated
inside a geyser at high temperature, high pressure, and strong acidity/strong alkalinity,
resulting in an organic soup. The soup that was released from the geyser formed a water pool
on an iron-containing ground, where Fe** was reduced to Fe** to produce thioester monomers.
The thioester monomers spontaneously polymerized and transformed into peptide droplets via
phase separation. Fe*" exposed to the UV light could be oxidized back to Fe*" ? after water
evaporation. The droplets recursively grew and divided due to the intermittent release of the
organic soup from the geyser and the shear force caused by its flow.
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