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Introduction

The previous biological experiments with D,O and struc-
tural-conformational studies with deuterated macromolecules,
performed by us, enable to modeling conditions under which
the first living forms of life might be evolved [1-3]. The content
of deuterium in hot mineral water may be increased due to
the physical-chemical processes of the deuterium accumula-
tion. It can be presumed that primary water might contain
more deuterium at early stages of evolution of first living
structures, and deuterium was distributed non-uniformly in
the hydrosphere and atmosphere [4]. The primary reductive
atmosphere of the Earth consisted basically of gas mixture
CO, H,, N,, NH,, CH,, lacked O,-O, layer protecting the
Earth surface from rigid short-wave solar radiation carry-
ing huge energy capable to cause radiolysis and photolysis
of water. The processes accompanying accumulation of
deuterium in the hydrosphere are solar radiation, volcanic
geothermal processes and electric discharges in the atmos-
phere. These natural processes could lead to the enrichment
of the hydrosphere by deuterium in the form of HDO which
evaporates more slowly then H,0, and condenses faster.
If this is true, this is a significant fact regarding thermal
stability of deuterated macromolecules in the preservation
of life under thermal conditions, because chemical bonds
with participation of deuterium are stronger than those ones
formed of hydrogen.

The natural prevalence of deuterium makes up approxi-
mately 0,015-0,020 atom%, and depends strongly on
the uniformity of substance and the total amount
of matter formed in the course of early Galaxy
evolution [5]. The average ratio of D/'H in nature makes
up approximately 1:5700. In natural waters, the deuterium is
distributed irregularly: from 0,02-0,03 mol.% for river water
and sea water, to 0,015 mol.% for water of Antarctic ice — the
most purified from deuterium natural water containing in 1,5
times less deuterium than that of seawater. According to the
international SMOW standard isotopic shifts for D and 80
in sea water: D/'H = (155,76+0,05)10 (155,76 ppm) and
180/'60 = (2005,20%0,45)10 (2005 ppm). For the SLAP stan-
dard isotopic shifts for D and "®0 in seawater make up D/'H
= 8910 (89 ppm) and for a pair of ¥0/®0 = 1894-10° (1894
ppm). In surface waters, the ratio D/'H = ~(1,32-1,51)10,
while in the coastal seawater — ~(1,55-1,56)-10. The natural
waters of CIS countries are characterized by negative devia-
tions from SMOW standard to (1,0-1,5)10°, in some places
up to (6,0-6,7)105, but however there are also observed
positive deviations at 2,0-10°.

The constant sources of deuterium are explosions
of nova stars and thermonuclear processes frequently

occurring inside the stars. Probably, it could explain a known
fact, why the amount of deuterium is slightly increased during
the global changes of climate in warming conditions. The
gravitational field of the Earth is insufficiently strong for the
retaining of lighter hydrogen, and our planet is gradually los-
ing hydrogen as a result of its dissociation into interplanetary
space. Hydrogen evaporates faster than heavy deuterium,
which can be collected by the hydrosphere. Therefore, as a
result of this natural process of fractionation of H/D isotopes
throughout the process of Earth evolution there should be an
accumulation of deuterium in the hydrosphere and surface
waters, while in the atmosphere and in water vapour deute-
rium content tends to be low. Thus, on the planet there occurs
a natural process of separation of H and D isotopes, playing
an essential role in the maintenance of life on the planet.

The second point regards the influence of temperature on
the biochemical processes in living matter. Our recent studies
have shown that the most favorable for the origin of life and
living matter seem to be hot alkaline mineral waters interact-
ing with CaCO, [6, 7]. According to the law for conservation
of energy the process of self-organization of primary organic
forms in water solutions may be supported by thermal energy
of magma, volcanic activity and solar radiation. According
to J. Szostak, the accumulation of organic compounds in
small isolated lakes is more possible compared to the ocean
[8]. It is most likely that life originated near a hydrothermal
vent: an underwater spout of hot water. The geothermal
activity gives more opportunities for the origination of life.
In 2009 A. Mulkidjanian and M. Galperin demonstrate that
the cell cytoplasm contains potassium, zinc, manganese and
phosphate ions, which are not particularly widespread in the
sea aquatorium [9]. J. Trevors and G. Pollack proposed in
2005 that the first cells on the Earth assembled in a hydrogel
environment [10]. Gel environments are capable of retaining
water, oily hydrocarbons, solutes, and gas bubbles, and are
capable of carrying out many functions, even in the absence
of a membrane. Hydrocarbons are an organic compounds
consisting entirely of hydrogen and carbon. The data pre-
sented in this paper show that the origination of living mat-
ter most probably occurred in hot mineral water. This may
occurred in ponds and hydrothermal vents in seawater or
hot mineral water. An indisputable proof of this is the pres-
ence of stromatolites fossils. They lived in warm and hot
water in zones of volcanic activity, which could be heated
by magma and seem to be more stable than other first sea
organisms [11].

Therefore, the purpose of the research was studying the
hydrological conditions of primary hydrosphere (tempera-
ture, pH, isotopic composition) for possible processes for
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origin of first organic forms in hot mineral water with HDO.
Various samples of water from Bulgaria, as well water with
varying deuterium content were studied within the frames
of the research.
Experimental Part

Material and Methods

Chemicals

For preparation of water with varying content of deuterium
(HDO) was used D,0 (99,9 atom.%) from the Russian Re-
search Centre “Isotope” (St. Petersburg, Russian Federation).
D,0 was preliminary distilled over KMnO, with the subsequent
control of isotope enrichment by 'H-NMR-spectroscopy on
a Brucker WM-250 device (“Brucker”, Germany) (working
frequency: 70 MHz, internal standard: Me,Si).

Biological Objects

The objects of the study were used the cactus juice of
Echinopsis pachanoi and the Mediterranean jellyfish
Cotylorhiza tuberculata (Chalkida, Greece, Aegean
Sea).

Water Samples

The samples of water were taken from various water
springs of Bulgaria:

1 — Mineral water (Rupite, Bulgaria);

2 - Seawater (Varna resort, Bulgaria);

3 — Mountain water (Teteven, Bulgaria);

5 — Deionized water (the control).

6 — Water with varrying deuterium content (HDO).

IR-Spectroscopy

IR-spectra of water samples were registered on Brucker
Vertex (“Brucker”, Germany) Fourier-IR spectrometer
(spectral range: average IR — 370-7800 cm™; visible —
2500-8000 cm'; permission — 0.5 cm; accuracy of wave
number — 0.1 cm™ on 2000 cm™) and on Thermo Nicolet
Avatar 360 Fourier-transform IR (M. Chakarova).

DNES-Spectral Analysis

The research was made with the method of differential
non-equilibrium spectrum (DNES). The device measures
the angle of evaporation of water drops from 72 °to 0 °. As
the main estimation criterion was used the average energy
(AE,, ) of hydrogen O...H-bonds between H,0 molecules
in water’s samples. The spectra of water were measured in
the range of energy of hydrogen bonds 0,08-0,1387 eV with
using a specially designed computer program.

High-Frequency Coronal Electric Discharge
Experiments

A device for high-frequency coronal electric discharge
was used in this study, constructed by I. Ignatov and Ch.
Stoyanov. The frequency of the applied saw-tooth electric
voltage was 15 kHz, and the electric voltage — 15 kV. The
electric discharge was obtained using a transparent firm
polymer electrode on which a liquid sample of water (2-3
mm) was placed. The spectral range of the photons released
upon electric discharge was from A =400 to A = 490 nm and
from A =560 to A = 700 nm.

Results and Discussion

Studying Various Water Samples on the

Feasibility for Origin of Life

We have carried out the research of various samples of
mineral water obtained from mineral springs and seawater
from Bulgaria (Fig. 1, curves 7-5). For this aim we employed
IR-spectrometry and the DNES method relative to the control
— deionized water.

For calculation of the function f(E) represented the
energy spectrum of water, the experimental dependence
between the wetting angle (6) and the energy of hydrogen
bonds (E) is established:

_14,331(0)
f(E)_[l—(HTW’ (1)

where b = 14,33 eV

The relation between the wetting angle (6) and the en-
ergy (E) of the hydrogen bonds between H,O molecules is
calculated by the formula:

6 = arcos (-1 - 14,33E) (2)

Cactus juice was also investigated by the DNES method
(Fig. 1, curve 1). The cactus was selected as a model
system because this plant contains approximately 90 % of
water. The closest to the spectrum of cactus juice was the
spectrum of mineral water contacting with Ca** and HCO,
ions (Fig. 1, curve 2). DNES-spectra of cactus juice and
mineral water have magnitudes of local maximums (E, eV)
at-0,1112; -0,1187; -0,1262; -0,1287 and -0,1387 eV. The
similar local maximums in the DNES-spectrum between the
cactus juice and seawater were detected at -0,1362 eV. The
DNES-spectrum of the control sample of deionized water (Fig.
1, curve 5) was substantially different from DNES-spectra
of seawater and mineral water.

Another important parameter was measured by the DNES
method - the average energy (AE, ) of hydrogen H...O-
bonds among the individual molecules H,0, which makes up
-0,1067+0,0011 eV. When the water temperature is changed,
the average energy of hydrogen H...O-bonds alternates.
This testified about the restructuring of average energies
of hydrogen H...O-bonds among individual H,O molecules
with a statistically reliable increase of local maximums in
DNES-spectra.

As it was shown from these experimental data, the clos-
est to the IR-spectrum of the cactus juice was mineral water
from Rupite Village (Bulgaria), which the DNES and the IR
spectrum are shown in Fig. 2 and Fig. 3 (Thermo Nicolet
Avatar 360 Fourier-transform IR). IR-spectra of the cactus
juice and mineral water containing HCO, (1320-1488 mg/l),
Ca* (29-36 mgl/l), pH (6,85-7,19), have local maximums
at A = 8,95; 9,67; 9,81; 10,47 and 11,12 um (Fourier-IR
spectrometer Brucker Vertex). The common local maximums
in the IR-spectrum between the cactus juice and seawater
are detected at A = 9,10 ym. The local maximums obtained
with the IR method at A = 9,81 pm (k= 1019 cm”) and A =
8,95 um (k = 1117 cm™) (Thermo Nicolet Avatar 360 Fourier-
transform IR) are located on the spectral curve of the local
maximum at A = 9,7 um (k = 1031 cm™) (Fig. 3). With the
DNES method, the results of which are shown in Table, were
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Fig. 1. DNES-spectra of water samples of various origin: 1 — the cactus juice; 2 — mineral water from Rupite
village (Bulgaria); 3 — seawater (Varna, Bulgaria); 4 — mountain water (Teteven, Bulgaria);
5 — deionized water (the control)
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Fig. 2. IR-spectrum of water sediments obtained from Rupite Village (Bulgaria)

obtained the following results — 8,95; 9,10; 9,64; 9,83; 10,45
and 11,15 um (wave length A, um), or — 897; 957; 1017; 1037;
1099 and 1117 cm” (wave numbers, k, cm™).

The results with the Mediterranean jellyfish Cotylorhiza
tuberculata indicated that the jellyfish has local maximums
in IR-spectra at A = 8,98 and A = 10,18 pym (Fig. 3).

Before the measurements the jellyfish was kept in seawa-
ter for several days. On comparison the seawater has a local
maximum at A = 8,93 ym in IR-spectra. These results were
obtained with Thermo Nicolet Avatar 360 Fourier-transform
IR. With the DNES method the local maximums in spectra for
jellyfish are detected at A = 8,95 and 10,21 ym, and for sea-
water —at A = 9,10 um. A differential spectrum was recorded
between jellyfish and seawater by using the Thermo Nicolet
Avatar 360 Fourier-transform IR method. In the IR-spectrum
of jellyfish are observed the more pronouncedly expressed
local maximums, detected by Thermo Nicolet Avatar 360
Fourier-transform IR and the DNES method. The measure-

ments demonstrate that two common local maximums are
observed in IR-spectra of jellyfish and seawater. These maxi-
mums are not observed in the IR-spectrum of the cactus juice
and mineral water from Rupite (Bulgaria). Jellyfish contains
approximately 97 (w/w) % of water and is more unstable living
organism compared to those ones formed the stromatolites.
The explanation for this is the smaller concentration of salts
in jellyfish and, therefore, the smaller number of local maxi-
mums in the IR-spectrum in relation to seawater.

Such a character of IR- and DNES-spectra and distribu-
tion of local maximums may prove that hot mineral alkaline
water is preferable for origin and maintenance of life com-
pared to other types of water analyzed by these methods.
Thus, in hot mineral waters the local maximums in the IR-
spectrum are more manifested compared to the local maxi-
mums obtained in IR-spectrum of the same water at a lower
temperature. The difference in the local maximums from t =
+20°C to t = +95 °C at each +5 °C according to the Student

WATER: HYGIENE AND ECOLOGY

Ne 3-4(3), 2015 43



BOOA: TMTMEHA U 9KOJOInA Ne 3-4(3), 2015

Table
The characteristics of spectra of water of various origin obtained by the DNES-method*
__E, eV A k,
Cactus juice Mineral water from Seawater pm cm’!
Rupite Village (Bulgaria)

0,1112 0,112 - 11,15 897

0,1187 0,1187 - 10,45 957

0,1262 0,1262 - 9,83 1017

0,1287 0,1287 - 9,64 1037

0,1362 - 0,1362 9,10 1099

0,1387 0,1387 - 8,95 117

Notes: *The function of the distribution of energies Af was measured in reciprocal electron volts (V). It is shown at

which values of the spectrum -E (eV) were observed the biggest local maximums of this function; A — wave length; k —
wave number.
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Fig. 3. IR-spectrum of seawater obtained from Varna (Bulgaria) and jellyfish Cotylorhiza tuberculata,
Chalkida (Greece), Aegean Sea

t-criterion makes up p < 0,05. These data indicate that the
origination of life and living matter depends on the structure
and physical-chemical properties of water, as well as its tem-
perature and the pH value. The most closed to the IR- and
the DNES-spectrum of water, which contains bicarbonates
and calcium ions typical for the formation of stromatolites,
is the IR-spectrum of cactus juice. For this reason cactus
juice was applied as a model system. The most closed to the
local maximums in IR-spectrum of the cactus juice are local
maximums in IR-spectra of alkaline mineral water interacting
with CaCO, and then seawater. In connection with these data
the following reactions participating with CaCQO, in aqueous
solutions are important:

CO,+4H,S +0,=CH,0 +4S + 3H,0, (3)
CaCO,+ H,0 + CO, = Ca(HCO,),, (4)
CO, + OH =HCO, (5)

2HCO, + Ca* = CaCO, + CO, + H,O (6)
The equation (3) shows how some chemosynthetic bac-
teria use energy from the oxidation of H,S and CO,to S
and formaldehyde (CH,0). The equation (4) is related to

one of the most common processes in nature: in the pres-
ence of H,0 and CO,, CaCQ, transforms into Ca(HCO,),.
In the presence of hydroxyl OH- ions, CO, transforms into
HCO, (equation (5)). Equation (6) is valid for the process of
formation of the stromatolites — the dolomite layered acre-
tionary structures formed in shallow seawater by colonies of
cyanobacteria. In 2010 D. Ward described fossilized stroma-
tolites in the Glacier National Park (USA) [13]. Stromatolites
aged 3,5 billion years had lived in warm and hot water in
zones of volcanic activity, which could be heated by magma.
This suggests that the first living forms evidently evolved in
hot geysers [14]. It is known that water in geysers is rich
in carbonates, while the temperature is ranged from +100
°C to +150 °C. In 2011 a team of Japanese scientists under
the leadership of T. Sugawara showed that life originated
in warm or, more likely, in hot water [15]. From an aqueous
solution of organic molecules, DNA and synthetic enzymes
were created proto cells. Under experimental conditions the
initial solution was heated to a temperature close to the wa-
ter’s boiling point +95 °C. Then the temperature was lowered
to +65 °C with the formation of proto cells with primitive
membrane. These experiments are excellent confirmation
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of the possibility that first organic forms of life originated
in hot water.

The above-mentioned data can predict a possible transi-
tion from synthesis of small organic molecules under the tem-
peratures +70 —100 °C to more complex organic molecules
as proteins. There are reactions of condensation—dehydration
of amino acids into separate blocks of peptides that occur
under alkaline conditions, with pH = 9-11. The important
factor in reaction of condensation of two amino acid mol-
ecules into dipeptide is allocation of H,0 molecule when a
peptide chain is formed. Because the reaction of polycon-
densation of amino acids is accompanied by dehydration,
the H,O removal from the reaction mixture speeds up the
reaction rates. This testifies that formation of early organic
forms may have occured nearby active volcanoes, because
at early periods of geological history volcanic activity occurred
more actively than during subsequent geological times.
However, the dehydratation accompanies not only amino
acid polymerization, but also association of other small blocks
into larger organic molecules, and also polymerization of
nucleotides into nucleic acids. Such association is connected
with the reaction of condensation, at which from one block
a proton is removed, and from another — a hydroxyl group
with the formation of H,O molecule.

In 1969 the possibility of existence of condensation—-de-
hydration reactions under conditions of primary hydrosphere
was proven by M. Calvin [16]. From most chemical substanc-
es hydrocyanic acid (HCN) and its derivatives — cyanoamid
(CH,N,) and dicyanoamid (HN(CN),) possess the dehydration
ability and the ability to catalyze the process of linkage of
H,O from primary hydrosphere [17]. The presence of HCN in
primary hydrosphere was proven earlier by S. Miller’s early
experiments [18]. The chemical reactions with HCN and its
derivatives are complex with a chemical point of view; in the
presence of HCN, CH,N, and HN(CN), the condensation of
separate blocks of amino acids accompanied by dehydra-
tion, can proceed at normal temperatures in strongly diluted
H,O-solutions. These reactions show the results of synthesis
from separate smaller molecules to larger organic molecules
of polymers, e.g. proteins, polycarboxydrates, lipids, and
ribonucleic acids. Furthermore, the polycondensation reac-
tions catalyzed by HCN and its derivatives depend on acidity
of water solutions in which they proceed [19]. In acid aque-
ous solutions with pH = 4-6 these reactions do not occur,
whereas alkaline conditions with pH = 9-10 promote their
course. There has not been unequivocal opinion, whether
primary water was alkaline, but it is probable that such pH
value possessed mineral waters adjoining with basalts, i.e.
these reactions could occur at the contact of water with
basalt rocks, that testifies our hypothesis.

It should be noted, that the geothermal sources might be
used for synthesis of various organic molecules. Thus, amino
acids were detected in solutions of formaldehyde CH,O with
hydroxylamine NH,OH, formaldehyde with hydrazine (N,H,)
in water solutions with HCN, after the heating of a reactionary
mixture to +95 °C [20]. In model experiments the reaction
products were polymerized into peptide chains that are the

important stage towards inorganic synthesis of protein. In a
reactionary mixture with a HCN-NH, solution in water were
formed purines and pyrimidines. In other experiments amino
acid mixtures were subjected to influence of temperatures
from +60 °C up to +170 °C with the formation of short
protein-like molecules resembling early evolutionary forms
of proteins subsequently designated as thermal proteinoids.
They consisted of 18 amino acids usually occurring in pro-
tein hydrolyzates. The synthesized proteinoids are similar to
natural proteins on a number of other important properties,
e.g. on the linkage by nucleobases and ability to cause the
reactions similar to those catalyzed by enzymes in living
organisms as decarboxylation, amination, deamination, and
oxidoreduction. Proteinoids are capable to catalytically de-
compose glucose [21] and to have an effect similar to the
action of a-melanocyte—stimulating hormone [22].

Under certain conditions (temperature, pH) in hot mixture
of thermal proteinoids in water solutions are formed elementary
structures like proteinoid microspheres with diameter 5-10
pm [23]. The best results on the polycondensation were
achieved with the mixes of amino acids containing aspartic
and glutamic acids, which are essential amino acids
occurring in all modern living organisms. By morphological
features the proteinoid microspheres with a diameter
~5-10 um resemble cell membrane, which in certain
conditions (pH = 4-5) may be double. The catalyst for their
formation could serve sulfur and its derivatives which were
found in ancient rocks in the form of grains of sulfides, as
well as pyrite sands. Synthesis of protenoid microspheres
from a mixture of thermal proteinoids is important because
it provides material for the next stage of the evolution of
life. This is the stage from disparate organic molecules to
organized proteinoid molecules having organized structure
and separated from the surrounding environment by the
primitive membrane.

In further experiments was used the gas electric dis-
charge analogous to S. Miller’s experiments [24]. The first
experiments on the modeling of non—equilibrium conditions
with gas electric discharge simulating primary atmosphere
and electrosynthesis of organic substances from anorganic
ones under the energy of the electric field in a primary oxy-
gen—free atmosphere were held in 1953 by S. Miller (USA)
[24]. For this aim the mixture of water and gases consisted
of hydrogen (H,), methane (CH,), ammonia (NH,) and carbon
monoxide (CO) was placed into a closed glass container
being exposed by pulsating electrical spark discharges at
the temperature of boiling water; oxygen was not allowed
into the unit. After the processing the reaction mixure by
the electric discharge it was found that from the initial in-
organic substance was synthesized organic compounds —
aldehydes and amino acids. The experiments found that
approximately ~10-15 % of carbon was transferred into an
organic form. However, about ~2 % of carbon was detected
in the amino acids, the most common of which was glycine.
The initial analysis showed the presence in the reaction
mixture obtained after the processing by the spark electric
discharge 5 amino acids. A more complete analysis carried

WATER: HYGIENE AND ECOLOGY

Ne 3-4(3), 2015 45



BOOA: TMTMEHA U 9KOJOInA

Ne 3-4(3), 2015

out in 2008 [25], showed the formation by electrosynthesis
in the reaction mixture 22 amino acids having from 5 to 20
carbon atoms in the molecule. Interestingly is that along with
the amino acids in the reaction mixture after the treatment
with electric spark discharges were detected trace amounts
of nucleic acid precursors — nucleosides.

It should be noted that in the implementation of the
gas discharge effect as well as in experiments of S. Miller
are modeled extreme non—equilibrium conditions with gas
electric discharge, resulting that in a thin layer of air gap with
thickness ~100 um are formed reactive radicals reacting
with each other to form new compounds (electrosynthesis).
Such extreme conditions are thought to have occurred in
the primary oxygen—free atmosphere of the Earth, which
supposedly consisted of a mixture of water and gases - H,,
CH,, NH,and CO, subjected to spark electrical discharges
(lightning) under the conditions of high solar (UV) and
geothermal activity.

The analogous experiment was conducted by the authors
under laboratory conditions. According to our previous
experiments, the first living structures may have evolved in
warm and hot mineral water with a high content of bicarbonate
(HCO,") anions, cations of alkali metals (Na*, Ca**, Mg*, Zn*)
and deuterium in the form of HDO [26]. There occurred gas
electric discharge (lightning) in the primordial atmosphere
close to the water surface. In the course of experiment was
used the similar gas electric discharge on water drops placed
on the electrode of the device for the gas electric discharge
formation. The similar composition and water temperature
were modeled on the electrode of the gas discharge device
made of hostafan, with electric voltage - 15 kV, electric
impulse duration — 10 us; electric current frequency — 15
kHz, wherein the air gap layer on the boundary with water
sample was formed the electrical discharge, similar to plasma
phenomena (lightning) and the electrostatic discharge on the
surface of organic and inorganic samples of various kinds.
Water drops were heated up to the boiling point in an electric
field of high frequency and the electric discharge was applied,
analogious as that in the primordial atmosphere. As a result,
an organized structure with a size of 1,2-1,4 mm was formed
in interelectrode space (Fig. 4). It was formed as a result of
accretion of smaller elementary structures sized up 5-10 um
into the biggest structure having the size 1,2-1,4 mm and
concentrated in the space where the electric field is applied.

It should be noted that no structure was organized in
a control sample of water being placed on the electrode.
Before its placement on the electrode, the water was heated
to boiling point and then cooled down. The structure or-
ganization increased with the increase of the duration of
the gas electric discharge. Moreover, in experiments was
observed the formation of small structures and their further
“adjoining” to the larger structure. The large structure was
preserved the original size for some time in the absence of
the electric discharge.

This experiment shows that self-organization in water
under certain external termal conditions may take place.
In natural conditions water is heated up to +100 °C by the

Fig. 4. — The organized structure in water sample
subjected to the temperature +100 °C in the electric field
of high voltage and frequency (1. Ignatov, 2014). The
material of the electrode — hostafan; the electric voltage
- 15 kV, the electric impulse duration — 10 ps; the electric
current frequency — 15 kHz.

magma. The structure formed from heated water was evi-
dently a result of self-organization. Living organisms are
complex self-organizing systems. Thermodynamically they
belong to the open systems because they constantly ex-
change substances and energy with the environment. The
changes in the open systems are relatively stable in time. The
stable correlation between components in an open system
is called a dissipative structure. According to I. Prigozhin,
the formation of dissipative structures and the elaboration
to living cells is related to changes in entropy [27].

Taking into account these views it may be concluded
that the initial stage of evolution, apparently, was connected
with formation at high temperature of the mixtures of amino
acids and nitrogenous substances — analogues of nucleic
acids. Such synthesis is possible in aqueous solutions un-
der thermal conditions in the presence of H,PO,. The next
stage is the polycondensation of amino acids into thermal
proteinoids at temperatures 65-95 °C. After that in a mix of
thermal proteinoids in hot water solutions were formed the
membrane like structures.

Our data are confirmed by experiments of T. Sugawara
(Japan), who in 2011 created the membrane like proto cells
from an aqueous solution of organic molecules, DNA and
synthetic enzymes under the temperature close to the water
boiling point +95 °C [28]. This data confirm the possibility
that first organic forms of life might have been originated in
hot mineral water.

CONCLUSIONS

The experimental data testify that the origination of first
organic forms of life depends on physical-chemical properties
of water and external factors — temperature, pH, electric
discharges and isotopic composition. Hot mineral alkaline
water interacting with CaCO, is most closed to these condi-
tions. Next in line with regard to its quality is seawater. For
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chemical reaction of dehydration—condensation to occure
in hot mineral water, water is required to be alkaline with
the pH ranged 9-11. In warm and hot mineral waters the
local maximums in IR-spectra from 8 to 14 ym were more
expressed in comparison with the local maximums measured
in the same water samples with lower temperature. The
content of deuterium in hot mineral water may be increased
due to the physical chemical processes of the deuterium
accumulation stipulated by the solar radiation, volcanic
geothermal processes and electric discharges in the atmos-
phere. These natural processes could lead to the enrichment
of the hydrosphere by deuterium in the form of HDO which
evaporates more slowly than H,0, but condenses faster. If
the primary hydrosphere really contained HDO, that this may
explain the thermal stability of the first organic life forms in
the hot mineral water, as the thermal stability of deuterated
macromolecules like DNA and proteins in D,O solutions is
somewhat higher than their protonated forms due to isotopic
effects of deuterium.
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STUDYING THE HYDROLOGICAL
CONDITIONS FOR ORIGIN OF FIRST
ORGANIC FORMS OF LIFE IN HOT
MINERAL WATER WITH HDO

*I. Ignatov, **O. Mosin
*The Scientific Research Center of Medical
Biophysics (SRCMB), Bulgaria;
**Moscow State University of Applied Biotechnology,
Russian Federation

The isotopic composition, the temperature and the pH
value of water were analyzed in experiments with prognosis
of primary hydrosphere and hydrological conditions for origin
of first organic forms in hot mineral water with HDO. For this
aim we performed experiments with hot mineral water from
Bulgaria and water with varying content of deuterium using
IR- and DNES-spectroscopy. As model systems were used
cactus juice of Echinopsis pachanoi and Mediterranean
jellyfish Cotylorhiza tuberculata. The reactions of con-
densation—-dehydration occurring in alkaline aqueous solu-
tions at t = 65-95 °C and pH = 9-10, resulting in synthesis
from unorganic molecules the larger organic molecules as
polymers and short polipeptides, were discussed, as well
as the possible mechanisms of the deuterium accumulation
in form of HDO in hot water. It was shown that hot alkaline
mineral water with temperature from +65 °C to +95 °C and the
pH value from 9 to 11 is more suitable for the origination of life
and living matter than other analyzed water samples. In hot
mineral waters the local maximums in IR-spectra are more
manifested compared to the local maximums obtained in
IR-spectra of the same water at a lower temperature. The dif-
ference in the local maximums from +20 °C to +95 °C at each
+5 9C according to the Student ¢-criterion makes up p < 0,05.

Keywords: deuterium, hydrosphere, evolution, origin
of life, IR spectroscopy, DNES.
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U3YYEHUE MMOPONOMMYECKUX
YCITOBUN NMPOUCXOXOEHUA
OPIFAHUYECKUX ®OPM XWU3HU B
roPA4YEN MUHEPAIIbBHOW BOLOE C
HDO

*N. Nenamos, **O. B. MocuH
*HayuyHo—uccrnedosamernbckul yeHmp mMeduyuH-
ckol buopusuku (HULMB), boneapus; **Mockos-
CKul eocydapcmeeHHbIl yHueepcumem rnpukiadHoU
buomexHornoauu, Pocculickass ®edepayusi

/13yyeH cocTaB BoAbl, TEMMepatypa 1 3HayeHue pH B ak-
cnepuMeHTax no MoAeMpoBaHNIo NePBUYHOIM ruapocdepsl
11 BO3MOXHBbIX YCIOBMI BO3HUKHOBEHWS OpPraHn4eckix popm
XU3HK B ropsieit MuHepanbHoi Boge ¢ HDO. [ins aTon uenu
NpoBefeHbl UCCNefoBaHUs ropsYeit MUHepanbHo BOAbI U3
Bonrapckux uctouHnkos metogamu UK-n JH3C—cnektpo-
ckonuu. B kavecTBe MOAenbHbIX CUCTEM UCMOMNb30Banu CoK
kaktyca Echinopsis pachanoi v cpean3eMHOMOPCKYHO

meny3y Cotylorhiza tuberculata. PaccmoTpeHbl peak-
UMM KOHAEHcauun—aernapaTauny B LENOYHbIX BOAHbIX
pactBopax co 3HayeHuem pH = 9-10, pesynbTaTom KOTO-
PbIX SBMSETCSA CUHTE3 U3 MEIKUX Monekyn 6onee KpymnHbIx
OPraHU4eckMx MOMeKyn NonMMepoB Kak KOpPOTKUX Monu-
nenTMaoB, a Takke MexaHWU3Mbl akkyMynsauum gentepus B
cdopme HDO B ropsiyein MiuHepansHoi Boge. MNokasaHo, 4To
ropsiume MUHepanbHble BOAbl C TeMnepatypoii ot +65 °C
Ao +95 °C v 3HayeHuem pH oT 9 no 11 6onee NPUrodHb
ANt BOSHUKHOBEHMS XU3HU, YEM LpYrie UCCefoBaHHbIe
o6pas3Libl BoAbl. B ropsyen MuHepansHoi Boae nokanbHble
Makcumymbl B VIK—cnekTpe nposiBnsanuce 6onblue Bcero, no
CPaBHEHMIO C NOKasnbHbIMK MakcMymamm B IK—cnekTpe Toi
e Bofbl npu Bonee Hu3Kon Temnepatype. PasHuua B no-
kanbHbIX Makcumymax ot +20 °C o +95 °C npw yBenuyeHum
Temnepatypbl Ha kaxapin +5 °C coctaBuna B COOTBETCTBUM
¢ t-kputepnem CTbtogeHTa p < 0,05.

KnroueBble cnoBa: aentepui, rmgpocdepa, 38o-
ntoLwns, BO3HNKHOBEHWe kun3Hu, MK-cnektpockonus, JHIC.
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BUBYEHHA rigPonoriyHnxX ymoB
NOXOMAXKEHHA OPrAHIYHUX ®OPM
XUTTA B TAPAYIA MIHEPATBHIA
BOAI 3 HDO
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*HaykoBO—4OCHigHUA LEHTP MeauyHOT Biodisnku
(HILIMB), Bonrapist; **MockoBCbKIiA EpXaBHUIA YHIBEPCUTET
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BuByeHo cknag Bogu, Temnepartypa i 3HaueHHst pH B exc-
nepuMeHTax 3 MOLENOBaHHS NEPBUHHOI rigpochepy Ta MOX-
NIMBWX YMOB BUHWUKHEHHS OpraHivyHMX oOpM XWUTTS B rapsvii
MiHepanbHi Bogi 3 HDO. [ins uiei MmeTv npoBeaeHi aocnip-
KEHHS rapsvot0 MiHepanbHO Boam 3 bonrapcbkux mxepen
meTtogamu [Y- i JHEC—cnekTpockonii. B akocTi MogensHNX
CUCTEM BUKOPUCTOBYBaNM Cik kakTyca Echinopsis pachanoi
i cepeasemHomopcbky Meay3y Cotylorhiza tuberculata. Pos-
FNSHYTO peakLii KoHaeHcawii—gerigpaTadii B y>HUX BOBHUX
po3umHax 3i 3HaueHHam pH = 9-10, pe3ynbTaToMm SKuX €
CUHTE3 3 APIOHMX MONeKyn BinbLL BENMKMX OpraHiYHUX More-
Kyn nofimMepiB SIK KOPOTKi NOAINENTMAM, @ TaKOX MeXaHi3Mu
akymynauii gentepito y dopmi HDO B rapsuiit MiHepasnbHin
Bogi. [MokasaHo, Lo rapsui MiHepasibHi BOAM 3 TeMnepaTypoto
Big +65 °C go +95 °C i 3HaueHHsm pH Big 9 go 11 GinbL
npuaaTHI AN BUHUKHEHHS XWUTTS, HIX iHLLI JOCTIMKEHI 3pasku
BOAM. Y rapsivin MiHepanbHii BoAji nokarnbHi Makcumymu B IK—
CMEKTPi NPOSIBNANMCS HalbinbLUe, MOPIBHSHO 3 NOKaNbHUMY
Makcumymamm B IY-cnekTpi Tiei x Bogu npu GinbLu HA3bKiN
Temnepartypi. PisHnus B nokanbHux makcumymax ig +20 °C
[0 +95 °C npu 36inbLUEHHI TemMmnepaTypy Ha KOxHWA +5 °C
cknana BignosigHo 3a t—kputepiem CtbtogeHTa p <0,05.

Knro4voBi cnoBa: geintepin, rigpocdepa, esontouis,
BUHWKHEHHS xuTTs, [Y-cnektpockonis, AHEC.

Bnepsble noctynuna B pegakuuio 05.11.2015 r. PekomeH-
[0BaHa K nevaT Ha 3acefaHuu pefakLMOHHOM Konnerum
nocrne peLeH3npoBaHus.
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