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Adsorption is regarded as a key physical phenomenon for the origin of the first 
living cell, and, consequently, of life itself. Due to the sorption properties 
of primary short peptides formed abiogenously, special physical conditions 
arise around them, different from the physical properties of a medium and 
favorable for processes and interactions necessary for life.
The following fundamental interactions of such peptides that are necessary 
for the emergence of a living cell can be distinguished.
1. Multilayer adsorption of water on the molecular surface of the peptide. 

Due to adsorption of water, an aqueous shell with a more regular structure 
(than the structure of bulk water) and with reduced molecular dynamics 
is formed around the peptide. These changes in the properties of the water 
occur because, under influence of fixed peptide charges (polar groups 
of peptide bonds, carboxyl groups of dicarboxylic amino acid residues), 
water dipoles become more polarized and so hydrogen bonds that they 
form with the peptide and with each other become stronger. Strengthen-
ing of hydrogen bonds stabilizes the water shell around the peptide and a 
phase of adsorbed water originates, which does not mix with bulk water, 
like a drop of oil in an aqueous environment. Stronger hydrogen bonds 
in the aqueous cocoon around the peptide reduce solvent potency of 
adsorbed water, which leads to excluding of all substances from this phase 
into the environment. This is how compartmentalization arises, the sepa-
ration of the internal environment from the external one. Concentration 
gradients of neutral and charged substances, including inorganic ions, 
arise.

2. The concentration gradients of the solutes will increase if the peptide 
selectively adsorbs some of them. For example, if a peptide selectively 
adsorbs K+ in the presence of Na+, then this process will lead to accu-
mulation of K+, cation necessary for life, while Na+ will be excluded into 
the environment by the phase of adsorbed water. If a peptide enclosed 
in an aqueous shell selectively adsorb also organic molecules necessary 
for life (amino acids, nucleic acids, sugars), this will create necessary pre-
requisites for the emergence of a biochemical reactor. In such a reactor, 
more complex peptides, polynucleotides can be synthesized, and sys-
tems for synthesis and degradation of organic substances can be formed. 
Self-condensation of the peptides and merger of their aqueous shells will 
lead to the appearance of a biophase, a membraneless protocell.

3. The cell shape biophase (protocell) has the same fundamental phys-
ical properties as a living cell: (i) semipermeability (due to the phase 
of adsorbed water); (ii) the ability to selectively accumulate some sub-
stances and exclude others (also due to the phase of adsorbed water 
and the ability of the peptide to adsorb other substances not just water); 
(iii) the ability to generate electrical potentials; (iv) osmotic stability due 
to the stability of the adsorbed water phase.

4. With adequate exposure to physical factors (temperature, hydrostatic and 
osmotic pressure) and various ligands (H+, Ca2+, inorganic anions), the pep-
tide can reversibly change its sorption properties. In this case, the water 
shell is destroyed, Na+ and other substances that are outside the biophase 
will begin their movement inside the biophase. Na+ will displace K+ from 
binding sites on the peptide and efflux of K+ from the biophase to external 
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environment will begin. Destruction of the gradients of the main physio-
logically important cations (K+ and Na+) will lead to a release of energy that 
was accumulated in their gradients when the biophase was at the rest-
ing state (transition of the biophase from resting state into active one). 
This energy will have a significant effect on conformation of the pep-
tides, on peptide-peptide and peptide-ligand interactions. In this way, 
the work necessary for functionally significant structural transformations 
of the protocell will be done, without which the emergence of life would 
be impossible. Binding of ATP (or its precursors) to activated peptides will 
return biophase into a resting state (model of two states). The protocell 
protometabolism (matter and energy flows) thus formed is a fundamental 
basis for the formation of living cell metabolism. It is clear that all the con-
sidered properties of the biophase (1–4) have one cause-sorption proper-
ties of peptides. Thus, a study of the sorption properties of peptides is an 
urgent problem for the science of the origin of life.

Described sorption approach to the origin of life [1, 2] is based on the fun-
damental achievements of the Russian [3] and American [4] schools of cell 
physiology.
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