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Abstract

ackground: Protostructure emerges under corona discharge as ions and water molecules self-organize

into stable formation. With 45.6 % density relative to living cells, this structure represents a primitive

stage of biochemical evolution. Their formation follows Prigogine’s principle of entropy reduction,
illustrating the potential role of early Earth’s reducing atmosphere and mineral surfaces in catalyzing the
origin of complex biochemical systems.
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Methods: Using hot mineral water from Rupite, Bulgaria, we conducted experiments involving corona electric
discharge (1-30 kHz, 12 kV) to simulate prebiotic conditions. Fourier Transform Infrared (FT-IR)
spectroscopy was employed to analyze the water's inorganic and organic composition. Additionally, we
assessed the oxidation-reduction potential (ORP) and measured changes in physicochemical parameters
under controlled conditions.

Results: The protostructure was created in laboratory conditions in hot mineral water under corona electric
discharge. Self-organization estimation using Prigogine’s principle marks an early stage of biochemical
evolution, emphasizing the role of the primordial atmosphere and hydrosphere in life's origin. The structure
density was 45.6% of that of living cells. We quantitatively estimated the results of Miller’s and Wilson’s
experiments. The biochemical reactions were described with the compounds as methane, ammonia, etc.

Conclusion: The findings support the hypothesis that hot mineral water in the primary hydrosphere, enriched
with ions, exposed to electric discharge in the primary atmosphere, and with contact medium with the
hydrosphere, providing optimal conditions for synthesizing organic compounds and forming protostructures.
These results reinforce the concept of geothermal systems of life and highlight the significance of mineral
water’s physicochemical properties in fostering prebiotic chemistry.
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Introduction

The origin of life on Earth most likely occurred in an
aquatic environment. For the related processes,
suitable building materials and energy are required.
There are three possible sources of energy for living
cells: Chemical, Solar, and Geothermal. Biogenic
elements are basic components of living organisms [1].
These include: primary elements (O, C, H, N, Ca and P),
involved in the composition of basic molecules of living
matter, secondary elements (Na, K, Cl, S, Mg and F),
which exist as salts, inorganic ions and parts of
essential molecules and microelements or trace
elements (I, Cu, Zn, Mo, Se, and Co), present in very
scarce amounts, but key to the functioning of cells.
Inorganic and organic biological compounds are
formed from biogenic elements. The primary inorganic
substance and solvent in the cell is water. Organic
biological compounds include proteins, carbohydrates,
lipids, and nucleic acids [2, 3].

Our planet's hydrosphere had been formed at a very
early stage of its development, during accretion. Water
was primarily found in the oceans, while CO: was
mainly located in sediments and the atmosphere,
where N2 and CO; predominated [4]. The atmosphere
and hydrosphere most likely developed through the
gradual release of H20, CO2, HCI, N2, CO, and H:S from
the Earth. The seawater composition with Cl, S, Na, K,
Ca, and Mg content had been highly stable. The partial
pressure of CO: in the atmosphere did not change
significantly due to its high solubility in seawater. The
Na*, K*, and Mg*" concentrations have been suggested
to be controlled by exchange reactions between
seawater and Al-silicates [5]. Even in the earliest stages
of planetary evolution, liquid water, due to its specific
chemical and physical properties, provided an
environment where chemical reactions between
atmospheric CO2 and minerals occurred [6].

Water is the primary substance in the living cell. Its
content is 70-98% of the mass of both prokaryotic and
eukaryotic cells. It is a medium where various chemical
and biochemical processes occur, including the
dissociation of electrolytes. Water is the source of
hydrogen and hydroxyl ions, which are involved in
numerous chemical reactions, including those that
occur in living cells. Additionally, water serves as a
dispersion medium for colloidal solutions of proteins
and carbohydrates. It is a solvent of crystalloid
substances in the cell [7].

In 1953, Miller conducted electrosynthesis
experiments with compounds from the primordial
atmosphere, forming organic molecules [8]. Different
researchers repeated the experiments [9-12]. They
reviewed recent advances in modeling plasmas and
ionized gases with compositions similar to those of the
primordial atmosphere. These authors analyzed the

importance of plasma kinetics for processes in this
atmosphere, which include elementary processes by
which free electrons activate weakly reactive
molecules, such as carbon dioxide or methane, thus
potentially starting prebiotic reaction chains. Electron-
molecular reactions and energy exchange between
molecules are activated. The primordial atmosphere
was  highly ionized by electrical activity,
photoionization, or meteor phenomena. Plasma
kinetics are complex due to the non-equilibrium
characteristics of the energy distribution. The authors
draw attention to the electron velocity and vibrational
distribution functions, which can provide insight into
prebiotic processes initiated by collisions between
electrons and molecules. Here, the degree of ionization
of the gas, the energy distribution of free electrons, and
the formation of the simplest reactive species are
crucial, serving as the basis for the subsequent complex
biochemical processes and their subsequent role in
forming the first prebiotic species [12]. Gan et al., also
highlighted the critical role of discharge plasmas in
creating the chemical prerequisites for the emergence
of life on early Earth, particularly with their potential
to simulate prebiotic conditions. They have activated
the synthesis of the building blocks of life, specifically
the vital organic molecules-amino acids, nucleotides,
carbohydrates, and lipids [13].

The investigation of the formation of amino acids in
a neutral atmosphere by electric discharge was
performed [14]. From 2013 to 2016, Ignatov and Mosin
conducted  corona  discharge electrosynthesis
experiments at the dielectric-water-air interface [15].
These experiments also show the possibility of an
electric discharge from the atmosphere or a dielectric
medium passing into the water. Hot mineral water from
Rupite, Bulgaria, was studied, with a temperature of
74.6 °C at the source and 55.4 °C at one of the ponds.
Formation of protostructures has also been detected
[16]. Today, this hot mineral water is a habitat for some
extremophiles. Derekova et al isolated a new
thermophilic, strictly aerobic, Gram-positive, spore-
forming chemoorganotrophic bacterium from three hot
springs in the Rupite Basin region, Bulgaria, named
Anoxybacillus rupiensis [17].

The results of various researchers indicate that
electrosynthesis most likely took place in the primary
anoxic hydrosphere of the Earth, consisting of a
mixture of water and gases - Hz, CH4, NH3, and CO,
subjected to the action of high-energy electric
discharges (lightning). The experiments of Ignatov and
Mosin also demonstrate that the most favorable
conditions for the emergence of life and the
maintenance of biochemical reactions are hot mineral
water interacting with CaCO3, where processes of
thermal polymerization can occur, leading to the
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formation of proto-aggregates [18]. Their studies of
seawater near hot mineral water showed an increased
likelihood of the first living organisms forming in hot,
mineral-rich water [10].

Szostak points out that the accumulation of
concentrated chemical compounds is essential for
structuring protocells during the genesis of living
matter [19]. It indicates that lakes in geothermally
active areas have a variable temperature [20]. They can
even be cooled on the surface and on land by melting
ice.

In 2009, Mulkidjanian and Galperin analyzed the cell
cytoplasm and highlighted the content of potassium,
zinc, magnesium, and phosphate ions. They are not so
common in sea and ocean water. This suggests that the
cell membrane originated in freshwater pools [21].
Later, Damer and Deamer also linked the cell
membrane composition to freshwater lakes with water
from geothermal springs and rain in the primary
hydrosphere [22].

Mineral water is of particular interest in terms of
biogenesis from our point of view. The presence of
several ions, such as calcium, sulfur, iron, magnesium,
etc., is a prerequisite for forming water clusters. The
clusters can form polymers with each other under
certain conditions. Clusters and their polymers are
likely a matrix for forming organic molecules with
organogenic chemical elements. The main ones are
carbon and nitrogen, but also hydrogen and oxygen.
The available methane, ammonia, carbon dioxide, etc.,
in the primary atmosphere might be the source of these
necessary elements. The energy source for these
synthesis processes could be quanta of sunlight,
geothermal or chemical energy from the breakdown of
macromolecules. The water clusters formed around
calcium or other ions may underlie the formation of
organic molecules in the presence of methane and
carbon dioxide from the primary atmosphere. They can
also serve as the basis for forming organic molecules,
biopolymers, and simple biological lipoprotein
membranes (archaebacterial membranes are single-
layered). Research indicates that water clusters form
around positively charged metal ions. They are stable
over time. Their sizes are from 1.3 to 1.5 nm. The
primary layer consists of 6 water molecules, and the
secondary layer comprises 24. The formation of clusters
of water molecules around metal ions with the
following general formulas has been demonstrated:
calcium Ca*(H:20)n [23-25], magnesium Mg2* (H20)n [26],
and zinc Zn?(H20)a [27]. [H20]. water clusters are also
formed around negative ions such as COs* [28], SO4*
[29], and PO4* [30]. A layer of water molecules forms
around the negative ions. Certain publications also
show stability results over water clusters with anions
and cations over time [23-30]. Data on a Gaussian

distribution and a linear function for small clusters
around ions have also been analyzed [31]. An analysis
was also made with dissolved molecular hydrogen and
hydrogen ions [32].

Various researchers have carried out experiments to
structure proteinoids. They were defined in 1950 by
Fox. Adamatzky et al, have reviewed studies on
structuring proteinoids [33]. They described in detail
the protostrutures received by Ignatov and Mosin in
hot mineral water under coronal electric discharge
conditions [33]. Adamatzky suggested that proteinoids
with primary amino acid constituents could be
computer-modeled [34]. His idea was inspired by
Harada and Fox, who demonstrated that proteinoids
oscillate electrically, similar to neuronal spiking
activity [35]. Liquid water allows hydrocarbons and
molecules that contain carbon, hydrogen, oxygen,
nitrogen, and sulfur to be stable for a long time.
Liposomes are also formed. These formations are
thermally stable and resistant to degradative changes
[36]. A team led by Sugawara, Kurihara, et al, has
successfully structured protocells from fatty acids and
nucleotides [37]. DNA replication had also been
successful, as the medium temperature was reduced
from 95 to 65 °C. Artificial DNA has been created using
nano technological methods [38].

In this article, we examine processes related to the
emergence of organic compounds and viable structures
in open lakes with warm and hot mineral water. They
have the following natural features that are important
in this aspect: Open mineral lakes contact the primary
atmosphere with large surfaces; The electrical gas
discharge from the atmosphere interacts with the
surface of the lakes; At the spring, there is an electrical
gradient between the earth's layers; Geothermal
activity is constant over time; Mineral water cools on
contact with land.

The present study aims to analyze conditions in the
primary hydrosphere, such as properties of water
clusters, electric potentials at water wells, at the land
boundary, as well as chemical reactions with the
primary hydrosphere.

Methods

Mineral water from the Rupite basin in Bulgaria was
used in the research. The experiments were made with
laboratory gaseous conditions of the Miller-Urey
experiments [8].

Control Setup. Deionized water was used as a control to
ensure baseline comparisons.

The corona color spectral analysis method is described
by [39, 40], and the stable conditions for electric
processes for the origin of life were studied with
frequencies up to 1-30 kHz, U=12 kV.
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Oxidation-reduction potential. The electric parameters
of water, including ORP and pH, were measured using
an advanced electrochemical meter equipped with
precise sensors. The device was calibrated before each
experiment to ensure measurement accuracy. The
Range of the HANNA Instruments HI221 meter is pH
(2.00-16.00 0.01) and ORP (¥699.9+0.01 — +20000.1)
mV.

Fourier Transform Infrared (FTIR) spectroscopy. The
samples were analyzed using a Fourier-transform
infrared (FT-IR) spectrometer. The FT-IR spectra in our
study were recorded with a “Thermo Nicolet Avatar 360
FT-IR” spectrometer (Waltham, MA, USA), equipped
with a DTGS detector in the region 400-4000 cm!, by
accumulating 64 scans at a spectral resolution of 2 cm-
1. Experiments were performed at 298.15 K. All
measurements were conducted at the Institute of
General and Inorganic Chemistry, Bulgarian Academy
of Sciences (BAS), Sofia, Bulgaria [42].

Determination of Total Dissolved Solids (TDS)
A custom script was used to analyze the data, ensuring
high precision and reproducibility in determining
dissolved solid concentrations in the samples. Program
processing was performed by Python program.

Results
Primary atmosphere as a source of reduction
compounds
The primordial atmosphere had been saturated with
ammonia (NHs), methane (CHs4), carbon dioxide (COy),
and hydrogen (H2) [5, 6]. Ammonia, methane, and
carbon dioxide have reducing properties when
dissolved in water, a prerequisite for chemical reactions
forming organic molecules. The chemical reaction in
prebiotic chemistry to produce formaldehyde (HCHO)
from CO: and Hz had been possible.

The formation of amino acids as glycine with
reducing agents in water proceeds in principle as
follows:

CH4 +NHs + H20 + Ho — NH2CH2COOH + other products
.

Formation of molecular hydrogen (Hz) in the nature

According to the data of Klein al, (2020), the main non-
biological processes in nature in which hydrogen is
formed are the following: Oxidation of iron in minerals;
Degassing of the magma at low pressure; Reaction of
water with surface radicals during mechanical
destruction of silicate rocks [43]. Hydrogen is the most
abundant element in the universe. The nucleus of the
hydrogen atom consists of one positively charged
proton. A negatively charged electron revolves around
it. Two hydrogen atoms bond in the atmosphere into a

molecule (Hz). The redox reaction, in which electrons
pass from one reactant to another, is particularly
characteristic. Donating electrons is called oxidation,
and accepting them is called reduction. They proceed
in parallel (oxidation-reduction). A hydrogen atom
tends to transfer an electron to an acceptor. On the
contrary, the oxygen atom tends to accept an electron.
When an electron is transferred from each of the two
hydrogen atoms to the oxygen, the hydrogen is
oxidized, and the oxygen is reduced. The reaction
releases a significant amount of free energy as heat
[44].

Layers with electrode potentials

Water is filtered through rocks and saturated with
beneficial minerals, determining its physicochemical
composition. In the depths of the earth, near the
mineral springs, there are layers with significant
differences in the electrode potentials, which act as an
anode and cathode in an underground electrolyzer [45,
46]. In this way, the earth’s crust naturally produces
activated ingredients. Also, Fe-S layers generate a
natural electric potential when mineral water passes
through them [47]. The electrical potential of mineral
water is affected by porous and fractured media [48].

Basis reactions in hot mineral water

In our opinion, the main chemical reaction responsible
for the formation of biopolymers in hot mineral water,
which may have played an essential role in the
biogenesis of the ancient Earth, is the follows:

Synthesis of amines by the reductive amination of
aldehydes can be represented as follows:

RCHO + NHs+ H2— RCH:NH: + H20 (2)

Analysis of Miller's experiments on the mass and
number of atoms in molecules in electrosynthesis

In 2015, Ignatov and Mosin [49] constructed a
distribution of carbon compounds by performing a
more comprehensive analysis of Miller and Urey's
experiments [8] and Wilson's research [50] on the mass
and number of atoms in molecules in electrosynthesis
[50].

In 1953, Miller and Urey's experiments demonstrated
that a mixture of CH4, NHs, Hz, water vapor, amino
acids, and other simple organic molecules could be
synthesized under simulated early Earth conditions
involving electric discharge and UV radiation. Among
the identified products were 18 amino acids, including
glycine, alanine, and aspartic acid, containing between
2 and 5 carbon atoms. These results suggest that the
basic building blocks of life could naturally form in the
primitive atmosphere and hydrosphere. In 1960, Wilson
conducted experiments exploring water vapor, NHs,
H:S, and yeast ash to electric spark discharges. The
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results showed the formation of larger organic polymer
molecules containing 20 or more carbon atoms,
representing a significant step toward synthesizing
complex organic compounds. In 1964, Harada and Fox
polymerized amino acids into short peptide chains by
heating them to 95 °C, demonstrating a critical stage in
the progression toward protein synthesis [35]. These
experiments highlight that under various energy
sources and chemical conditions, organic molecules
can transition from simple compounds to more
complex polymers, playing a crucial role in the
evolution of life on Earth. The graph in Fig. 1 shows
that the formation of molecules with different carbon
chain lengths is diverse. In Fig. 1, the achieved linear
relationship between the mass of the sediment and the
number of carbon atoms in the molecule in Miller's and
Wilson's experiments is presented. It is described in our
previous research of Ignatov and Mosin [49].

Mass in the precipitate vs. Number of Carbon Atoms in the Molecule
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Figure 1: Distribution of carbon compounds obtained in the
experiments of Miller and Wilson (re-analyzed in [49]). Mass of
precipitate vs. number of carbon atoms in molecules.

Fig. 1 illustrates a linear regression with Residual Sum
of Squares (RSS), and the formula is:

y=-12.5x+312.5

y — the mass of the precipitate (mol.%);

x — the average number of carbon atoms in each
category

It shows how simpler molecules combine to form
more complex ones under prebiotic conditions. The
molecules with the highest percentage are the most
stable and can be formed more easily under the given
conditions. They have the smallest number of carbon
atoms, from 5 to 8. Complex molecules of 17 to 20
carbon atoms are also formed, and these are the
smallest percentage. A major conclusion is that more
complex molecules can be formed in significant
quantities. This supports the hypothesis that simple
organic molecules could have evolved into more
complicated compounds, which are decisive for the
origin of life.

The results from Fig. 1 support the hypothesis that
essential organic compounds could have formed under
the natural conditions of early Earth. The observed
distribution of carbon chain lengths suggests a balance

between simplicity and complexity, potentially
reflected by prebiotic chemical processes. According to
Prigogine’s principle, self-organization and the
decrease in entropy in open systems can explain the
emergence of longer carbon chains. The linear model is
shown in the graph, with a high R? value, indicates that
the variability in the data is well-explained, supporting
the idea of organized chemical progression. While the
Shannon entropy of 1.69 bits highlights moderate
diversity, further analysis is required to connect this
diversity to the formation of amphiphilic molecules,
such as fatty acids and phospholipids, which are critical
for prebiotic membranes. The graph provides a
foundation for understanding how self-organization
and polymerization processes might lead to complex
prebiotic systems.

Physicochemical composition of the water from Rupite
Physicochemical composition of the water from Rupite
is: Ca’*at 32.8+1.7; Na* at 531 +53; Mg?" at 15.6%0.7;
HCO3 at 1533£76; SO4* at 81.3 +4.1; Hydrosulfide HS-
at 422 mg/ L.

The parameter of pH is 7.14+0.11, and the electrical
conductivity is 2140 pS/cm.

Fourier Transform Infrared Spectroscopy (FT-IR)

The analysis of Rupite, Bulgaria sediments using the
Fourier Transform Infrared (FT-IR) spectroscopy is
presented in Fig. 2.
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Figure 2: The FT-IR spectrum of the sediments from the mineral
water from Rupite shows absorption peaks associated with
functional groups such as OH-, NH, C=0, and Si-0. These peaks
confirm the presence of minerals, organic compounds, and
molecular bonds relevant to the sample analyzed.

The FT-IR spectroscopy reveals the presence of OH
groups at 3620 cm! and 3697 c¢cm’!, corresponding to
water molecules or hydroxyl groups in minerals, which
are essential for the adsorption of organic molecules on
mineral surfaces. The 3415 and 3285 cm peaks
indicate stretching vibrations of NH, OH, and C-H
bonds. At 1645 cm’!, the peak represents the presence
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of methyl and methylene groups, as well as lipids,
suggesting the presence of organic material in the
sample. At 1542 cm!, C=0O stretching is present in
carbonyl groups commonly found in amide groups. In
the water from Rupite, there are amide groups (C=0, N-
H), proved at 1542 cm™, 1458 cm'!, and 1420 cm™'. C-H
stretches are observed in the spectrum's methyl and
methylene groups, as well as in lipids. At 874, 714 cm™,
the C-O stretch in alcohols, esters, and hydrocarbons is
demonstrated. Si-O bonds are also proven. The results
show inorganic and organic compounds.

Water clusters with metal ions

Water clusters around anions and cations are
structured in water, which has been described earlier
[23-31, 51]. The primary layer comprises six water
molecules, and the secondary layer comprises 24. We
believe these clusters are the most likely matrix for
biopolymer synthesis under primordial Earth
conditions. We consider the following reaction, in
which a ferrous ion participates in a redox reaction and
accepts electrons, which are important in these
processes: Fe3* + e-— Fe?. [Fe (H:20)6]*'(H20)24 is a
theoretical model. Miliordos et a/, (2015) found that
12.4-13.4 water molecules constituted the second
solvation shell [52]. For Ca?*, the first shell should be
n=1-8, and the second shell should be n=6-8. For Na*,
the first shell is n=1-6 [53]. The data for HCOs is
(H20)1-10 [54].

Water's hydrogen bonds give it unique physical and
chemical properties of water. Liquid water has an
anomalously high molar heat capacity (75 J/mol K).
This means it can absorb relatively large amounts of
solar energy during the day and release it at night
without much temperature change. Due to highly polar
water molecules and their mobility, water is an
excellent and almost universal solvent for ionic
compounds and polar organic molecules [55].
Electrostatic ~ forces and the formation of
electromagnetic interactions between the first and
second layers influence the formation of clusters
containing metal ions. In the earth's bowels near
mineral springs, there are layers with a significant
difference in electrode potentials, which act as anode
and cathode in an underground electrolyzer. Such are
zinc and copper or potassium and nickel. In this case,
zinc loses electrons, and copper gains them. Thus, the
earth's crust naturally produces activated ingredients
[56]. The most unstable water clusters are formed
around Ca?*, then around Zn*, and are most stable with
Mg?* ions. The highest charge density is reported for
magnesium due to the negligible density of magnesium
ions.

The results of our experiment with mineral water
from Rupite, Bulgaria, which was cooled, demonstrated

changes in its oxidation-reduction potential (ORP) in
response to temperature fluctuations [57]. The
atmosphere was similar to that in laboratory
conditions, as observed in the Miller-Urey experiments,
which involved methane, ammonia, hydrogen, and
water vapor [8]. Fig. 3 shows the temperature and
oxidation-reduction potential of the water being
studied. With 10 measured samples, the result of the
Student's t-test was p<0.05. The mineral water from
Rupite shows a decrease in ORP with increasing
temperature. This trend can be attributed to changes in
the chemical activity of oxidizing and reducing ions. At
temperatures above 50 °C, the ORP becomes negative,
indicating predominantly reducing conditions. The
presence of ions such as hydrosulfides (HS-), hydrogen
carbonates (HCO?®"), and possibly molecular hydrogen
(Hz) in the mineral water and the primordial
hydrosphere is a key factor contributing to these
reducing properties.

Oxidation Reduction Potential (ORP) vs Temperature

ORP (mV)
o

25 30 35 40 45 50 55 60 65 70 75
Temperature (°C)

Figure 3: Dynamics of the oxidation-reduction potential of
mineral water from the Rupite locality in Bulgaria depending on
the change in its temperature.

The results can be approximated with a cubic
polynomial function of the kind:

forp(t) = 0.001226 t3 - 0.1696 t2 + 4.8579 t + 21.416

Water with ORP above zero mV is considered an
oxidizing medium, while water with ORP below 0 mV is
a reducing medium. In our measurements, a precise
inversion of ORP from an oxidizing potential to a
reducing potential was observed around 50 °C, marking
the transition point where the medium changes from
oxidative to reductive as temperature increases.

Key reductants from the primordial atmosphere -
including hydrogen (Hy), methane (CH4), ammonia
(NH3z), and carbon monoxide (CO) played a significant
role in early redox reactions in the gaseous phase.
These compounds retained their reducing properties
upon dissolving in water, fostering a chemically
reducing environment in the primordial hydrosphere.

Such conditions were essential for prebiotic
chemistry and the formation of organic molecules to
affect entropy [58, 59].
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These atmospheric compounds (H2, CHs, NH3, and
CO) acted as reductants, driving essential redox
reactions in the gaseous phase and aqueous solutions,
thereby contributing to the reducing environment
necessary for prebiotic chemical processes. As the
temperature increases, ionic reactions in water are
accelerated, enhancing the rate of redox reactions. This
results in the faster depletion of available oxidants,
further reinforcing the dominance of reductants.

Basic compound prerequisites for the formation of
biopolymers

Kaolinite is a clay material with a surface that can
adsorb water and other molecules. It was most likely
also present in the primordial Earth. Glycine is an
amino acid that can be adsorbed on kaolin, and
polymerization can occur.

Glycine (NH:CH:CO:H) and methylamine (CHsNHz)
are simple, structurally analogous water-soluble
organic compounds related to each other by the
presence or absence of the acid moiety (carboxyl group,
—-CO2H) in the Earth's biosphere. They have been found
in numerous meteorites and comets, indicating that
they were formed by processes before, during, and after
the formation of the Solar System [60].

Glycine is the most straightforward non-essential
amino acid in a living organism. Its molar weight is
75.1, and the R-group is a single hydrogen atom,
making it the smallest amino acid. Simple substances
found in living organisms are involved in the
biosynthesis of many complex molecules, and glycine
occupies a central position in metabolism as a
precursor of nitrogenous compounds and several key
metabolites of low molecular weight, such as
glutathione, creatine, purines, porphyrins, etc. [61].
Additionally, glycine has surfactant properties [62]. The
magnetic properties of the C-centered glycyl
[NH2CHCOOH] point radical, one of the radiation
products of glycine in solution, have also been studied
[63].

Interestingly, glycine and methylamine have been
produced experimentally by synthesis in gas-phase
reactions in UV-irradiated interstellar ice analogs and
in Miller-Urey-type experiments (potential abiotic
syntheses in various environments). Glycine synthesis
from adding meteoric CO2 or HCN to methylamine can
occur by photochemical processes. It has been
proposed that glycine and methylamine can be formed
from the hydrogenation of CO to formaldehyde and the
subsequent Strecker reaction and nucleophilic
substitution, as well as from the molecular
photodissociation of acetic acid and hydroxylamine to
give highly reactive radical/ionic species [60]. The
geometry and vibrational frequencies of neutral and
protonated glycine have been investigated, finding that

the preferred protonation site is the amino group [64].
Studies have shown that amino acids, primarily glycine,
and serine, comprise a significant fraction of the total
organic material in the atmosphere and can serve as
cloud condensation nuclei by forming water clusters
[65]. Glycine is related to biological membranes. It
causes morphological changes even in the outer layer
of bacteria. Adding 1.0% glycine to the culture medium
was shown to facilitate the formation of membrane
vesicles in a non-pathogenic probiotic strain of
Escherichia coli and to alter the protein profile by
increasing the inner membrane and cytoplasmic
proteins [66].

In this aspect, the reaction between Ca?" ions,
kaolinite Al2Si2Os(OH)s, and glycine C;HsNO:. The
reactions are as follows:

1. A cluster is formed with a first layer of 6 water
molecules. A second layer of up to 24 water molecules
can also be formed.

2. Adsorption of glycine on kaolinite. Glycine interacts
with the hydroxyl groups of kaolinite and clusters
around the calcium ion in principle:

ALSiOs(OH)s + 2NH,CH,COOH +
[Ca(H:0)s]**—ALSiOs(OH)«(NH,CHCOOH)Ca?* + 6H,0
3)

3. Condensation and polymerization of glycine with
principle reaction:

2NH,CH:COOH t, Ca?*, kaolinite —
NH>CH.CONHCH:COOH (4)

Glycine (NH2CH2COOH) is adsorbed on the kaolinite
surface (Al2Si20s(OH)s) as the carboxyl groups of
glycine interact with the hydroxyl groups of kaolinite.
Calcium ions from cluster structures [Ca(H20)s]*
contribute to stabilizing adsorbed molecules by
coordinating with glycine carboxyl groups and water
molecules in the hydration cluster in the principal
reaction.

The polymerization of amino acids on mineral
surfaces such as kaolinite can lead to the formation of
peptide bonds. The polymerization of glycine on the
surface of kaolinite requires specific conditions,
including high temperature or the presence of catalysts
such as transition metals. The pH of the medium is also
essential here. According to Calvin, every
condensation-dehydration reaction of amino acids and
nucleotides in individual blocks of peptides and nucleic
acids occurred in the primary hydrosphere at pH=9-11
[67].

Protostructures under corona discharge conditions
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We experimented with a coronal electric discharge with
water from Rupite, Bulgaria. The water is placed in a
dielectric container and is completely isolated from the
air. The discharge parameters are 1-30 kHz, 12 kV [39].

In Fig. 4 a, we show a protostructure resembling we
obtained experimentally, with a size of 14.2/12.1/12.4
mm and a volume of 1100 mm? =1.1 cm3. The corona
discharge electrode was filled with water from Rupite,
Bulgaria. The impact experiments were performed with
a corona electric discharge with parameters specified in
[36, 37]. Small structures with a volume of 3.8 mm?
were formed in the beginning. They are documented
and marked in Fig. 4 b.

(@) (b) ©
Figure 4(a): Protostructure obtained under corona discharge
(b) Separate parts of protostructure (c) Protostructures formed
in 50 mg/L NacCl solution under corona discharge.

At the beginning of the corona discharge experiment,
small protostructures form due to the interaction of
electrons and ions with water molecules, containing
inorganic and organic compounds, with a volume of 3.8
mm?®. These small structures are stable under initial
conditions and are organized locally through
electrostatic and capillary interactions. Through self-
organization and fusion, they gradually combine to
form larger proto-structures, reducing a system’s free
energy. Favorable conditions, such as high
temperature, the presence of ions, and the electric
dynamics of the corona discharge, contribute to this
process. A larger structure with a volume of 1,100 mm?3
is formed. This demonstrates a mechanism of self-
organization characteristics of the early stages of
biochemical evolution.

The results of corona electric discharge experiments
with protostructure formation were repeated under the
same conditions. Under these conditions, we also
examined a sample with a 50 mg/L NaCl solution in
deionized water. Protostructures were formed in the
presence of an electric discharge. The structures that
were obtained are shown in Figure 4c. No structures
were observed in the control sample of the same
solution without applying electric discharge. The size
of the structures is 1.1/0.8/0.9 mm, and the volume is
0.4 mm?. This structure is 9.5 times smaller than small
protostructures with a volume of 3.8 mm3. There was
no creation of a big protostructure of 1100 mm?.

The protostructure, formed through corona discharge
in mineral water, contains 77% of the ions, and the

remaining 23% is present in the water surrounding the
electrode. It has a density of 0.479 g/cm3. This is
approximately 45.6% of the density of living cells,
estimated at around 1.1 g/cm3.

This difference reflects the lower concentration of
substances and less organization of the protostructure
compared to a living cell. Living cells contain high
concentrations of organic and inorganic molecules,
including proteins, lipids, and minerals, contributing to
their greater compactness and complexity.

In contrast, the protostructure has a higher water
content and lacks the intricate molecular organization
characteristic of living cells. This comparison
highlights that while the protostructure exhibits self-
organization and stability, it represents an early stage
of biochemical evolution. The analysis supports the
idea that the primordial atmosphere and hydrosphere
with electric discharge and hot mineral water may be
critical in forming fundamental biological structures.
The physicochemical composition of the structure from
Fig. 4

The following results are valid for the
physicochemical composition:

e The physicochemical composition of the water
in the electrode with volume 115 c¢cm? is: Ca*"
at3.8; Na" at 61.1; Mg?" at 1.8; HCO3 at 176.3;
SO4* at 9.3; HS  at 4.8 in mg in 115 cm?

e The physicochemical composition of the water
in the protostructure with volume 1.1 cm3 is:
Ca?* at 0.03; Na* at 0.45; Mg?" at 0.01; HCO% at
1.3; SO4* at 0.07; HS  at 0.04mgin 1.1 cm3

e These ions have the properties of ionic centers
around which water molecules arrange
themselves. Metal ions are hydrophilic
because they can form ionic or polar bonds
with water. Hydrocarbon structures are
hydrophobic because of the hydrocarbon
chains. Air is a dielectric, and the corona gas
discharge occurs in it. Water is a conductor,
and the discharge mainly flows along the
surface.

The smallest structure under these conditions was
evaluated, with a volume 3.8 mm3. In Fig, 4 b the
smaller structures appear darker than the surrounding
areas. This means a more significant component
concentration exists to preserve the structure formed.

Self-organization in the artificial protostructure is a
process in which interacting components, such as ions
in solution, spontaneously form organized and stable
shapes. These structures evolve through interactions
that minimize the system's free energy while
enhancing structural complexity and organization.
Electrons are released during the electrical corona
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discharge, contributing to the formation of the
structures.

Membrane formation

The self-organization of lipid molecules in aqueous
media leads to the formation of bilayers that
encapsulate organic molecules. Lipids are a
heterogeneous group of substances that are poorly
soluble in water but soluble in organic solvents [2].
Animal lipids contain fatty and monocarboxylic organic
acids with a linear carbon chain of 4-26 C atoms. They
can be saturated, unsaturated, and mono- or
polyethylene [2]. Characteristic properties are their low
solubility in water, their acidic nature, which decreases
with increasing carbon atoms in the chain, and their
reactivity with alcohols (they form esters). Unsaturated
fatty acids can easily include halogens, such as iodine.
Lipids are classified as simple lipids (acyl glycerols -
esters of glycerol, fatty acids, and waxes) and complex
ones (phospholipids, glycolipids, and lipoproteins).
Lipids form the basic structure of all biological
membranes [2].

Lipids are essential for the existence and functioning
of living cells. They form the basis of cell membranes,
which consist of polar lipids composed of a
hydrophobic and a hydrophilic part. Lipids dissolve
readily in organic solvents but have a region that is
attracted to and soluble in water. This "amphiphilic"
property is fundamental to their role as building blocks
of cell membranes. Their molecules have a head (often
of glycerol) attached to two long fatty acid chains
(tails). These tails repel water and dissolve readily in
organic solvents, giving the molecule its lipid
character. In water, under laboratory conditions, they
spontaneously form spherical structures called
liposomes, which have a double-layered wall. The
water-soluble heads of the lipids face outward in water.
The two layers form a fluid, sandwich-like structure,
with the fatty acid chains in the middle due to their
hydrophobicity. This type of lipid bilayer, formed by
the self-assembly of lipid molecules, is the basic
structure of the cell membrane. It is the most stable
thermodynamic structure [44]. Possibilities for
spontaneous membrane formation are described due to
the property of the hydrophobic parts of lipids to self-
associate in an aqueous environment and the tendency
of their hydrophilic parts to interact with the aqueous
environment and with each other [68]. This has allowed
the primary cells to separate their interior from the
outside environment and form the organelles within
the cell. Microbodies are roughly spherical, 0.5 to 1 ym
in diameter, surrounded by a single membrane [44].
Membrane organelles allow the separation of specific
chemical reactions and the retention of their products
within the cell. The hydrophobic film formed by the

lipid bilayer (lipid asymmetry) limits the cell from the
environment and forms it as an independent biological
unit. Additionally, the biophysical properties of various
lipids and their phase behavior significantly contribute
to membrane function. In addition to being major
structural components of membranes, lipids serve
other functions, including acting as energy storage
molecules [68, 69].

Fig. 5a illustrates a liposome, a structure formed by
lipid bilayers encapsulated in water and other
molecules. The membrane consists of phospholipids
that self-assemble in an aqueous environment.

Various biomolecules, such as amino acids,
nucleotides, small peptides, etc., can reside inside the
liposome. The figure shows them represented by red
circles.

Liposomes are essential structures in prebiotic
biochemistry because they enable the isolation of
chemical reactions in a confined space, a process
crucial for the development of complex biochemical
systems [66]. Liposomes can exhibit protocell-like
behavior by encapsulating organic molecules and
facilitating interactions. As a result, more complex life
forms are likely to have evolved.

The cell membrane is a liquid organization of
amphiphilic molecules, a hundred times more viscous
than water, similar to thin oil. This chemical structure
makes it exceptionally flexible, the ideal boundary for
rapidly growing and dividing cells. It is also a reliable
barrier, allowing some solutes to pass while blocking
others. The lipid bilayer gives the membrane its
characteristic permeability (the rate at which a
substance in solution passes through it). Lipid-soluble
compounds and some small molecules can permeate
the membrane. Still, the lipid bilayer effectively repels
the many large, water-soluble molecules and
electrically charged ions the cell must import or export
to live [41].

Today's smallest cell is 150-200 nm or 0.15-0.2 pym,
comparable to the size of viruses, among the simplest
viable biological objects. Viroids (consisting only of
RNA) and prions, representing an infectious protein,
are more straightforward than these [7]. The probability
that they were the first to form on Earth is high, but the
possibility is no less that these were the extremophile
archaebacteria.

Fig. 5b shows an arrangement of lipid molecules
depending on their parts' hydrophilic and hydrophobic
properties. The basic structure of all biological
membranes is the lipid bilayer, but in the cells, it
contains phospholipids, glycolipids, and cholesterol.
They form a liquid phase to which proteins bind.
Carbohydrates are often attached to membrane lipids
and proteins [3]. Fig. 5¢ schematically represents a lipid
bilayer. The blue circles with (+) and (-) charges
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represent the polar hydrophilic heads of the lipid
molecules. The symbols illustrate polarity, not
necessarily to presence electric charge. They interact
with water molecules. The lines represent nonpolar
hydrophobic tails that avoid water molecules and line
up against each other. The specific structure of the
lipoprotein membranes of cells is due to this
arrangement of lipid molecules.

(@) (b) (©

Figure 5: (a) Model of protocell (liposome structure). (b)
Arrangement of lipid molecules according to hydrophilic and
hydrophobic properties. (c) Schematic of a lipid bilayer.

Biological membranes enclose the cell's interior from
the environment [68]. The various membranes
performing these vital roles comprise roughly equal
weight percentages of proteins and lipids, and
carbohydrates are less than 10%. All lipids are
amphipathic, with hydrophilic (polar) and hydrophobic
(nonpolar) parts. As a result, the lipid components of
the membranes are arranged in a continuous
bimolecular bilayer less than 10 nm thick. The polar
parts of its constituent molecules lie on both surfaces
of the double layer, while the non-polar parts make up
its interior. Thus, this structure serves as an
impenetrable barrier to major water-soluble substances
in the cell, providing the basis for the separation
function of biological membranes [70]. Although the
surfaces of the membranes contain polar units, they act
as electrical insulators and can withstand several
hundred thousand volts without failure. It has been
found experimentally and theoretically that the
structure and these unusual properties are imparted to
biological membranes by the lipid bilayer [70].

Nucleic acids are other vital biopolymers.
Polymerization can link nucleotides into polymers
(e.g., RNA molecules). However, these processes in
natural conditions require catalysts and suitable energy
sources, such as UV radiation or chemical energy
inputs. In laboratory experiments, such processes are
facilitated by varying conditions, including pH and
temperature, in the presence of ions.

The process is activated by catalysts or on surfaces,
which improves the formation of bonds between
nucleotides. Minerals such as kaolinite, clay, and pyrite
serve as catalysts. They facilitate the linking of
nucleotides into longer polymers. Water clusters with
metal ions such as Mg?* and Ca?* can stabilize the RNA

structure by neutralizing the negative charge on the
phosphate chain so the molecule folds appropriately.
As a result of the reactions of calcium and
magnesium, [71] water produces molecular hydrogen:
Magnesium ions stabilize RNA molecules, and
calcium ions stabilize the phospholipids of cell
membranes.

Transport of compounds through cell membrane

The cell membrane is a barrier with selective
permeability. The transport across membranes occurs
by various mechanisms: simple diffusion (driven by
concentration or electrical gradients of the transported
solute), passive transport or facilitated diffusion (also
follows concentration or electrical gradients but
mediated by carriers and channels), active transport
(against the electrochemical gradient of substances,
with energy expenditure), through secondary active
transporters (use the electrochemical gradient created
by primary active transport systems such as the sodium
pump), endocytosis (phagocytosis and pinocytosis) and
exocytosis [3].

The movement of dissolved substances through the
cell membrane occurs according to the principle of
diffusion. According to this principle, the solute
diffuses along the concentration gradient, that is, from
a place of higher to a place of lower concentration,
until equal concentration is reached at both places and
equal, random diffusion in both directions. A solute
with a high concentration has a high free energy; that
is, it is able to do more diffusion than a solute with a
low concentration. In diffusion, the solute loses free
energy, so that when it reaches equilibrium at a lower
concentration, it is unable to return spontaneously
(under the action of its own energy) to its previous high
concentration [44]. Water and alcohols penetrate most
membranes in less than a second. Water is insoluble in
organic solvents, but penetrates cell membranes due to
the small size of its molecules. The ability of water to
easily pass through membranes is particularly
important for establishing equilibrium [44].

Interestingly, molecules in biological membranes are
constantly in motion. In fact, the membrane can be
considered a two-dimensional fluid in which the
protein components move like boats. The arrangement
of the lipid molecules in the bilayer, with their polar
ends toward the surface and the nonpolar parts toward
the central region, gives this bilayer structure the
molecular orientation of a crystal and the fluidity of a
liquid. In this liquid crystalline state, thermal energy
causes lipid and protein molecules to diffuse laterally
and rotate about an axis perpendicular to the plane of
the membrane. In addition, lipids occasionally flip from
one surface of the bilayer membrane to the other and
attach and detach from the surface of the bilayer at
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very slow but measurable rates. Lipids and proteins can
exhibit restricted rocking motions. The membrane is a
"fluid mosaic" of complex lipids and proteins molecular
associations. In this way, the plane of the biological
membrane is divided into parts by domain structures,
similar to how the three-dimensional space of the cell
is divided into parts by the membranes [71]. Some
authors suppose extraterrestrial life is connected with
proteins and a nucleus [72].

Through the membrane of the protocell, there should
be a movement of water molecules, ions, and salts from
a water lake located on both sides of it. To explain this
process, let's apply the Nernst equation for an osmotic
process:

E=RT/zFIn |Clou/|Clin

E is the equilibrium potential (V)

Ris a universal gas constant (8.314 J.mol1.K'!)
T is the absolute temperature (K)

z is the valency of the ion

F e Faraday constant (96485).

At the amount of calcium ions in water 0.01 mol/L or
400.8 mg/L, the amount of calcium ions in the
protostructure is assumed to be 0.1 mol/L or 4008
mg/L.

According to Nernst's law, at 20 °C, the electric
potential on both sides of the membrane is (-29 mV).
At 75 °C the result is (-35 mV):

Ersec = 8.314x348.15/2x96485xIn(0.01/0.1)=(-34.5 mV).

In osmosis, water enters the protocell, but the
electrical parameters are kept constant on both it sides.
This means diffusion will begin from the protocell to
the lake water to maintain the electrical potential.

Discussion

The origin of life on Earth remains one of the greatest
scientific mysteries. The Earth, 4.54 billion years old, is
situated in the Sun's habitable zone. Remarkably, the
first evidence dates back 3.5 billion years ago,
highlighting the favorable conditions of our planet. A
team of Australian scientists has studied the Pilbara
region of Western Australia [73, 74]. Well-preserved
traces are found in ancient marine, lakeshore, and hot
springs. Stromatolites primarily consist of calcium
carbonate (CaCOs) [75]. Damer and Deamer propose a
scenario for the origin of life in fluctuating volcanic hot
spring pools [22]. In 2010, Ignatov and Mosin explored
the possibility of life arising in hot mineral water lakes
[10, 59]. The spectral analyses indicate that the model
systems are similar to mineral water rich in calcium
and bicarbonate ions. Szostak emphasizes that open
mineral lakes provide more life opportunities due to
the accumulation of essential minerals [19, 20]. In this

paper, the authors explore the structuring of clusters
around metal ions, primarily calcium, as a precursor to
the formation of living cells. Possible reactions in the
reducing atmosphere of ancient Earth are described.
The primordial atmosphere, devoid of oxygen and
composed mainly of methane, ammonia, and carbon
dioxide, vastly differed from the current one.
Biochemical processes are discussed for structuring
glycine and other amino acids in forming living cells
[76]. The uniqueness of glycine is highlighted by its
identification in meteorite samples [77]. During the
ancient Earth’s history, high-voltage electric discharges
in the primordial atmosphere were prevalent. In 1953,
Miller and Urey synthesized organic compounds under
electric discharge conditions [8]. Numerous scientists
replicated their experiments [9]. In 2013, Ignatov and
Mosin demonstrated with experiments that complex
organic molecules can arise spontaneously under
extreme conditions in the primordial atmosphere and
hydrosphere in Miller’s and Wilson's experiments. The
linear relationship between the mass of the sediment
and the number of carbon atoms in the molecule is
presented in Miller's and Wilson's experiments. The
results were observed using entropy analyses primarily
applied by Prigogine self-organization. According to
Prigogine’s principles, systems transition from chaos to
order, and the accumulation is complex. The decrease
in entropy observed in the experiments indicates that
the systems become increasingly organized, enabling
self-organization and the evolution of more
complicated structures. The calculated Shannon
entropy demonstrates moderate compound diversity,
balancing complexity and order. One of the co-authors,
Ignatov, created an artificial structure in laboratory
conditions using corona discharge at the air-water
boundary. The air had a chemical composition
resembling the ancient atmosphere, while the hot
water, sourced from Rupite, Bulgaria, was rich in
calcium and hydrogen carbonate ions. The resulting
artificial structure comprised 45.6 % of the density of a
living cell, with its chemical composition thoroughly
analyzed. Adamatzky has also explored the possibility
of creating a cell under laboratory conditions through
computer modeling [33,34]. Osmotic processes
between the cell membrane and the surrounding
environment are described using the Nernst equations.
The energy sources in water for the origin of living cells
are chemical, solar, and geothermal. Geothermal
energy is constant and closely associated with hot
mineral water in springs, ponds, and lakes. The
discovery of the thermophilic bacterium Anoxybacillus
rupiensis sp. Nov. in Rupite by the scientists further
supports the uniqueness of the evolutionary
environment. The physicochemical composition of the
tested mineral water from Rupite, Bulgaria, was
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studied. The main chemical reactions involved in the
formation of biopolymers in hot mineral water, which
played a crucial role in the biogenesis of the ancient
Earth, are presented. In the water from Rupite, the
Fourier Transform Infrared test showed inorganic and
organic compounds. In an experiment with a coronal
electric discharge using water from Rupite, Bulgaria, in
a dielectric container completely isolated from the air
at discharge parameters of 1-30 kHz and 12 kV, we
observed the formation of an artificial protostructure
with a volume of 1100 mm3. The protostructures
formed under corona electric discharge in 50 mg/L NaCl
solution with a volume 0.4 mm3, making them 9.5 times
smaller than previously observed small protostructres
of inorganic and organic compounds (3.8 mm3) and
significantly smaller 2750 times than larger
protostructure (1100 mm3). The protostructure in the
mineral water from Rupite had a volume of 1.1 cm3.
About 45.6% of the density of the living cell was
structured in the protostructure. This density was 0.479
g/cm®. The analysis reveals that the conditions for the
origin of life in waters with an ion content exceeding
2250 mg/L are optimal for this natural phenomenon. In
conditions involving corona discharge and hot mineral
water, an environment of energy density and dynamic
processes is created, facilitating a localized entropy.
The electrons and ions released during the corona
discharge interact with the water's surface, forming
structures. These processes enhance the self-
organization and polymerization of organic molecules
by increasing local concentration and energy. Hot
mineral water, enriched with Ca%, Mg%*, and HCO*
ions, stabilizes water clusters and provides a suitable
matrix for chemical reactions. The temperature
gradient and reducing environment further promote
the formation of more complex molecules for self-
organization and structural complexity — key steps
toward the origin of life. These findings highlight the
importance of energy input via corona discharge and
the properties of hot mineral water as critical factors
for overcoming chaos and fostering the formation of

ordered biological structures in the primordial
hydrosphere.
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