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|. Introduction: Principles
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According to

V.L. Ginzburg, Nobel Prize Laureate in Physics (2003),
explanation of the life origination mechanism
Il s one of t he t hr theXXhagmueya

There areii é three great problems for the modern physics 0

()The problem of the entropy |
of ti meo;

(1) The problem of interpretation of nonrelativistic quantum
mechanics and of the possibilities to obtain a new knowledge
about the field of its applicability;

(3) The problem on the possiblility of explanation of the life and
thi nking nbeari ng on th

(GinzburgV.L., Nobelprize Lecture, 2003)
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The principal features of natural phenomena [1]

(1) Regularity and inevitability: natural phenomena arise and
develop as a result of regular inevitable chemical and physical
Interactions, which are governed by universal physical and
chemical laws.

(2) Thermodynamical directedness: natural processes are directed
progressively to a freeenergy decrease in each Universal stb
system that can be approximately considered as the isolated one

(3) Laconism of instrumentation (the OccamNewton-Russell
principle): ANature 1 s simpl e

(4) Gradual development: Nature makes no jJumps Nature nonfacit
saltus in Latin).
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(5) Repeatability and individual features: Nature created many

similar but somewhat differing events and no unique phenomen:
without close analogues.

(6) The unity of the event point: separation of an event into several
sub-events proceeding in different points with subsequent
Interaction between the sukevents decreases the probability of

the resulted event, because it decreases mafoyd the degree of
repetition of the event as a whole.

(7) Random phenomena doesn't just happen in Nature; if a
phenomenon seems to be random, an expansion of the spatial

and time framework of observations is capable of revealing its
necessity.
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Just as a result of the thermodynamicallycaused directedness of the
natural phenomena and processes, researchers are principally

capable of mental doubling back the way the nature went and, thus
of revealing the main miles

A naturali st must search for a
catch on it and, having the thermodynamic laws as the guiding
thread, to guess the logics used by Nature in its temporal
transformations. [2]
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Hi story confirms K. Popper 0s

general understanding of natural phenomena is not progressive bu
makes zigzags and develops on the basis of the trial and error

procedure as nescience Is fal

Zigzags are capable of leading the scientific community away frormr

the adequate knowledge and can be in progress during active wor
of two or three generations of researchers.

Even a proof, which, as it might seem, is entirely constructed on
factual knowledges is not guaranteed against the possibility to be
di sproved. By K. Popper, néth
though we may even find truth (as | believe we do in very many
cases), we can never be quite certain that we have found it. There
always a possibility of error; though in the case of some logical anc
mat hemati cal proofs, this pos.

There Is an opinion that experiments are criterions of the verity.
But this opinion is correct by no means always.
The arrangement, technique, interpretation of experiments, etc. ma
be incorrect.
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ll. Formulation of the
Hydrate Theory of Living Matter Origination
(LOH -Theory)

I1.1. Preliminary notions
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How mach plant and animal species had created Nature”

Today, about1.6 million animal species [4] and abouD.3million
plant species exist on the Earth, and
descriptions of earlier unknown species appear each day in the
literature.

A multitude of deleted species were specified by paleontologists.
The common number of the species that were created by Nature i
about 3 million.
The mysterious species diversity and mechanism of life originatior
are always in the human highlight.



‘@ O) \ Life, what is this?

Replicating DNA is the necessary and sufficient sign of life
We associate living matter origination with the appearance of DNA
and RNA-like molecules and try to reveal the simplest and,
therefore, most realistic way by which Nature went.

Fragment of the helix DNA  Fragment of the doubléhelix DNA Nbases andiboses

H® Adenine (Ad) N H;
4' H H 1 N
H H 4 | J N
o H ’)\ )
I]‘\_J[ N NH, II?II N/
°_P —OH Guanine (CsHsNsO) Adenine (CsHsNs)
Hz('_l 5 Guanine (G) N Hz
/KO OJ\
G—P——OH Uracnl Cytosme Thymine
(C4H4N204)  (C4H5N30) (CsHgNzO,)
zc Thymine (Th) HOCH, 2 H HOCH, H
I a D-ribose (CsH;9Os) Desoxy-D-ribose (CsH;¢Oy)
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ust the gashydrate structure is the living matter cradle.

The capability for hydrate formation is a
fundamental property of water molecules.

Hydrate structure consists of a honeycomdiike matrix which is built
from H,O molecules (host) and of some molecules or atomic grouy
(guests) housed within the matrix cavities.

Principal conditions for the gashydrate formation:
(1) size correlationbetween theguestand hydrate cavities;

(2) rather low temperatures.

of hydrance o aructure 1. Hydrate structure 1 (1) includes:

C,H,0-17H,0; (CH,),017H,0;  small cavities, d= 0.48nm (2) and

a CRCIM7R,O; GAST7HO large cavities, d= 0.69nm (3).
(CH,),0-2H,5-17H,0 | |
C.H 2CH,17H,0 Lattice sites are Gatoms of waters

1
lattice edges are the sums of

0;9’ !f.g-;’ Intra -water Oi H valence bonds an

inter-wat er OAAAAH
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11.2. Hydrate theory of living matter origination
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Accordingtothe LOH-s heor vy
Nucleosides formed under ground or under seabed within the
methanehydrate structure;
N-bases housed within the large cavities, amtbosesand phosphate
groups housed within the small cavities.
Nucleosides (Nbases andiboses formed by the reaction
(NOg +CH,)
as a result of the diffusion of NQ -ions from the environment into
the hydrate structure and then the
PO, -ions
diffused into the hydrate structure,
joined the nucleosides each to other througbhosphodiesterbridges
and formed molecules of primary DNA and RNA.

Thermodynamic calculations showed that all these reactions requir
no external energy.
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The reaction ofa 1 ,with NOJ' -ions was discovered by
M.l. Konovalovin 1888
it is known asK o n o v ar¢actiond[S]

At about 273s,
l.e. just under the conditions when CH-hydrate exists,
this reaction is capable of forming cyclic compounds
Methane reacts with NQ;' -ions much slower than other methane

hydrocarbons, but
Nature is never in a hurry.



@’_@4 Steadily, the H,O concentration increased
as a result of these reactions and of J@ diffusion from outside and
a semtliquid structured super-cytoplasm formed.
The primary cells arose in this supeicytoplasm.
Just the occurrence of the hydrate matrix
limited the subsequent increasing
of the side groups of Nbases and ribose radicals and
provided reproduction of the structural elements of the DNA
molecules.

Low temperature in the underground andunderseabedi | nc u b
(CH ,-hydrate exists at 28620 K under the CH, pressure)
provided the slowness of the reactions and the thermodynamic fron

Each reaction proceeded step by step and each step began aftel
termination of the previous one
with a progressive decrease in the free energy of the system.
The stability of the temperature and pressure
under the ground and seabed
favored the thermodynamicfront occurrence and the formation of
DNA molecules and cells.
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Living matter originated at the Earth repeatedly in different periods
of the Earthos hist

when its origination wasfavored by the ambient conditions.

In each such a period, living matter originated in a number of
localizations.

In each localization, a great number of similar but different DNASs

and a great number of differentprotocells formed.

All these give a new approach to the problem of the species diversi

In its Darwinian interpretation.



|@ ® \ As the biota expanded,
some big cells,

In which the newly formed DNAssorbedwater quickly,
Asuckedo small <cell s
hydrolyzed their DNAs up to nucleotides
and used this material for their extended reproduction.
These fno-kgphheseme were t he
Their small Avictimso use
I . e. |, remai ned npl an

Possibly,
differentiation of the primary living issues into animals and plants
was dependent on the DNA concentration within the maternal
hydrate matrixes
before their liguation and within the semtliquid super-soap that
formed after the hydrate-matrix liquation.
This Anutritional revolutiono
the animals,
because they constructedheir DNAs from the prefabricated
nucl eoti des but di dnot synt
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e theory gives the new approach to the species diversity problen

living matter appeared naturally and repeatedly
but not transformed and expanded
from a simple entity accidentally formed.
According to the theory,
just the DNA transformations represent life in its pure form and
the protein production proceeds as a result of side processes that
accompany the DNA transformations .
The protein formation processes are of principal importance for any
organism; moreover,
no multicellular organism exists without protein,
however, the life as a natural phenomenon is determined by DNAS
Accumulation of protein in the cellular protoplasm and on DNASs
| eads to a deceleration I n tF
Asenescenceo of cells and to
Mitosis of eukaryotic cells terminates after50i 60 division [6, 7].
Basing on these notions, we formulated a new approach to the
optimal nutrition and life prolongation problems [8].



M I1.3. Sources for the living matter syntheses

ARCTIC OCEAN

PACIFIC

INDIAN
OCEAN

A great number of CH,-hydrate deposits are over the globe.

The points mark the mainunderseabedCH ,-hydrate deposits.

In the vicinities of some of them, deposits of niter occur
(e.g., along the Eastern coast of America)



M Localizations of phosphates are in many regions.

E.g., there are no doubts in the mineral origin of apatite:
CaY(PO,); (Y =F ClI, or OH) [9].

Phosphate ions are dissolved in different water basins.
Phosphates might fell to the Earth during its formation or after that.
In the period of young-planet cooling, phosphorus could be oxidizec

by water by the reaction:
P,+16 HOY 4 H,PO,+ 10 H, + 1306 kJ [9].

The solubility of phosphates in water at 293 K is about 3 mg/l;
In the ocean water, the N, P, and C content is (mg/|):
15.5, 0.088nd 28.Q, respectively [10].

At a depth of 70 m, the phosphate concentration in the world oceal

Is as low as 0.02 mg/I [11].
The lowness of the phosphate concentration

In the ocean water column

explains the extremely small population of the ocean depths [12].
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lllustration of linearly -polarized light plane rotation
(Uis the rotation angle)

light . I

- ol
source polarizer "\ )
dextrorotatory /

chiral substance,
analyzer viewer

e.qg., Dribose
DNA and RNA molecules rotate the linearlypolarized light plane
as it is shown in the figure, and this phenomenon was not
explained, although many researchers tried to do this [12].
Below, we give the explanation of the DNMonochirality [13, 14].
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that are usually under consideration,

when discussing the DNAmnonochirality nature.

(1) What step of the DNA chemical formation is responsible for
the DNA monochirality ?
(2) What is the mechanism of the DNAnonochirality
origination?

(3) How did Nature choose Briboses
from their mixture with L -riboses?

In the context of our theory,
guestion (3) has no grounds,
because the DNA formation process proceeds step by step up |
formation of nucleosides
without formation of ribosesas such and not the ribose but eact
nucleoside as a whole imposes timeonochiral structure on DNA.

The following figure counts in favor of this conclusion.
To answer two other questions,
we addressed ourselves to the results published in [15, 16].
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3D-simulated
4-radical complex
within the 4 | 4-
hydrate structure.

The riboselike rings that are located betweerphosphaodiester
groups and N-bases
are somewhat twisted
as compared to the actual ribose ring and
the like-ribose-ring side HOCH,- groups
differ in their structure
from that of ribose [17, 18].
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the natural DNA synthesis begins from
CH, interaction with NO ;' -ions.

Meanwhile, it is confirmed [15] that
Ko n o v aréactiongswes CHNO, at ambient temperature
and it is shown that
CH3NO, is capable of transforming to different cyclic substances,
CH3;NO, is monochiral, and
Its derivatives inherit its monochirality with formation of enatiopure
substances [16].

The authors of [15] suggest that CENO,, transforms as below

H, #° | Hy &«
C=N -— CH;NO, — C=N

with formation of reactive unstablenitronate groups, which contain
the chiral N-atoms.

O



MApparently, there are sufficient grounds to state that just
the CH;NO, formation step, 1.e., the first step of the

DNA formation,
IS responsible for the DNAmMonochirality.

As a result of thechirality of N-atoms in the reactive form of the
source nitro-methane,
all its derivatives, including any nucleotide as a whole,
are monochiral.

From the abovegiven figure containing the3D-simulated
4-radical DNA fragment, it is seen that
some Gatoms of any riboselike radical entering into nucleotides
are, apparently, chiral,
because nucleotides have no symmetry planes, inversion centers,
mirror -rotational axes.

Each nucleotide represents anulticentered chiral molecule, and
the DNA monochirality
IS the complicated sum of thanonochiralities of all its nucleotides.
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though the dextrorotatory and levorotatory enantiomersof any

It is well known that,

substance are thermodynamically equivalent,
chiral substances may reveahonochirality, because, for
a substance,
the rates of formation ofenantiomersof opposite signs and
the potential barriers of their formation
are usually different and
the potential barrier for
mutual transformation of enantiomersto one another

may be significant [19, 20].
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Ill. The discoveries that triggered the livingmatter
origination concept
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IS based on the following three our discoveries:

(1) The sizesof the large and of the small cavities of the CH,-
hydrate structure coincide completely with the sizesof N-base
radicals and with the sizes of ribose- and phosphocdiester
radicals, respectively

(2) At around 280 K, the structures similar to that of gashydrate
are capableof forming in undisturbed highly-concentratedsemt
liquid water/functional-polymer systems, including DNA and
RNA.

(3) To synthesizeDNAs, RNAs, cells, poly-saccharides(intercellular
fastening material), collagenand ossein (proteins of the osseous
tissue) and other components of living issues within CH,-
hydrate structure, only two additional substancesniter, and
apatite (with minor admixtures of some metals) are necessary
and sufficient, and thesesubstanceare capable of reacting with
CH, under the conditionswhen CH ,-hydrate is stable



‘@ ® \Ill.l. Discovery 1: the size compatibility between
the DNA and gashydrate structures

At the early step of the theory development, the size compatibility
was stated on the basis of the following twdimensional
consideration.

All the sizes are given
In the same scale.

The circles correspondto sizes
of large (a) and small (b) _
hydrate cavities. to the chai

Cytosine

to the chain

The large cavitiesare asif
Aimo u | fdrsNebasesand
the small cavitiesare asif
A mo u |fal ghosphate
groups and riboses o the chain



MRecently,Discovery 1 was confirmed by 3D simulatior
Below, cytosinedesoxyribose (left) anddesoxyribose (right)
DNA fragments are arranged in the gashydrate structure |l

within neighboring large and small hydrate cavities and
within a small hydrate cavity, respectively .

o

The C, N, O, and Hatoms Ho—™
are given as the greyviolet, red, and white ones.

OH

Each cavityis conserved,and there is no volume for additional
atoms.
The detalls of 3D simulation are given in [18].
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n highly concentrated semiliquid H ,O/DNA systems

DNAT DNA and PAAT PAA pair interactions are similar, because

they are caused by the hydrogen NHA AOfAnds.
Polyacrylamide (PAA) T H,O interaction DNA double-helix T H,O interaction

Cytosine

H.0
H\C l N H\C
NH /0(—)----( YHNH NH
BNc—¢ C—C~_

H : H
C\H HNH(+) -+ (5)0 ™

!

H,O

DNAT DNA binding,
we studied HO sorption by PAA. -~  (© o..

Studies of H,O sorption © O O

by DNA double helixes

are inapplicable for this aim,
becausaibosesand phosphate groups also
sorb water.
Detailed justification is given in [21].

To understand the H,O effect on the O@Q O to chain)
Thymine
~ H,O

to chain

to chain
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PAAT H,0O system at about 290 K with different techniques

(1) H,0O-vapor sorption by PAA from the air of 100% humidity;
at about n(H,O)/n(AG) = 17018 (17 H,O mols per oneamido-group)
saturation of the system is observed;

(2) H,0O-vapor desorption from the diluted PAAI H,0O system
Into a trap cooled down to 77 K with desorption rate measurements
the minimal desorption rate is observed at n(EO)/n(AG) = 16017;

(3) H,O-vapor portion-by-portion sorption and desorption
in the PAAT H,O system with calorimetric measurements
of the differential heats of H,O sorption by PAA;
the differential heat of H,O desorption from the diluted system
IS equal to the heat of HO condensation at the surface of pure O
up to n(H,O)/n(AG) = 17
and varies in a complicated manner at n(EO)/n(AG) < 17;

(4) H,O-vapor sorption by glycine from the air of 100% humidity;
the H,O sorption rate begins to decrease at n(JO)/n(AG) > 17.

The repeatedly reproduceastoichiometry n(H,O)/n(AG) = 17 proves
that the gashydrate H,O matrix forms around AGs in the highly
concentrated H,O1 AG systems (detalls are in [2, 22]).
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water

>

20
n = (H,0)sorb / (-C(O)NH,) H,O0 desorption probability
- [ ] ® [ ]
16 e @
° ¢ 30 -
_ S e ~290K
12 e PAA-water system
]
20 -
8 - .
®
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r,mg/day crlg  Glycine;s. 1; 1.9 g, 5.9 ¢ E’:
10 A .
S0 -
o S
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l11.3. Discovery 3: the minerals necessary and sufficien

‘@ ® \ for origination of DNA and cells

Three widely distributed minerals,
CH,, niter, and apatite
(with minor admixtures of some metals),
are necessary and sufficient
to form
DNAs, RNAs, cells,
poly-saccharidedintercellular fastening material), collagen,
ossein (proteins of the osseous tissue),
and other components of living issues.

Below, we will confirm this statement by the examples of the
equations of the synthesis of the full set ofddases andiboses
that is necessary and sufficient for synthesizing different DNAs.

The possibility of synthesizing of DNAs on the basis of these
precursors is obvious,
because thgolycondensationreactions
are thermodynamically possible due to water production in the
course of their proceeding.
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necessary and sufficient for origination of DNA and cells.

Different DNAs, cells, and tissues of living organisms
can be produced
on the basis of the internal energy of the source substances
from only one triad of mineral molecules,
namely, from
saturated hydrocarbon (methane, ethane, or propane), niter, and
phosphate
(with minor additions of some metals) [23].

In nature,
the collision of more than three molecules
specified in their chemical composition
IS of low probability and is impossible in practice.

(Below, we consider CH as the source component for living matter
origination, because its deposits are significantly more abundan
than those of other two hydrocarbons.)
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The individual N-bases andibosescan be spontaneously produced
from CH , and niter
with a significant decrease in the free energy of the system.

Therewith, O, and N, emit to the atmosphere.

Cumulative producing of the stoichiometric set
of N-bases andiboses
which is necessaryor the subsequent synthesis of different DNAS,
can also proceed spontaneously
with the side evolution ofO, and N..
Formation of the DNA precursors leads to the enrichment of the
atmosphere withO,, and N.,.

The following slides show thestoichiometry of the reactions and the
standard variations in the thermodynamic functions characteristic
for these reactions.
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guartets of N-bases and ofibosesnecessary for the subsequer

formation of
DNA (1) and RNA (2)

28.2KNO ., + 39CH, = (1)
= CsHgNL,O, (Th) + CHN30 (Cy) + CHsN5O (G) + CsHsN; (Ad) +
+ 4 GH,0, (DDR) +
+28.2KOH + 33.4 H,0 + 6.6 N, + 1.50,;

29.4KNO., + 38CH,, = 2)
= C4H,N,0, (U) + CH5NZO (Cy) + CsHgN5O (G) + CH N5 (Ad) +
+4 GH,,05(DR) +
+29.4KOH + 31.8 H,0 + 7.2N, + 1.50,

Thermodynamic calculations show the possibility of these
reactions.
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3 KNOg(cr) + 4 CH,(g) =
= C,H:N;O(cr) (Cy) +3 KOH(cr) + 4 H,O (Iq) + 0.5 O, (g) +858.0kJ;
o= 1743.5 kJ

5 KNO,(cr) + 5 CHy(g) =
= CcHNc(cr) (Ad) + 5 KOH(cr) + 5 H,0O(Ig)+ 2.5 O,(g) + 613.1 kJ
gz°= 1557.3 k1J

4 KNO,(cr) + 5 CH,(g) =
= CcH,Os(cr)(DR) + 4 KOH(cr) + 3 H,O(lg) + 2 Ny(g) + 1258 kJ
gz°= 11145 kJ

Thermodynamic calculations show the possibility of these reactions



|@ O, \Changes in the enthalpyse(qyH,°), entropy S°, and
Gibbs free energyaeGV in the reactions ofay, G, Ad, or U
formation from CH , and KNO,

(i) Reaction a&( fd,°) RS° &G°
kJ/mol J/mol K kJ/mol
2 KNO4(cr) + 5 CH,(g) + 2 O)(9) =CN,O,Hy(er) +| | 1666 1869.6 | 11407
+ 6 H,0(Iq) + 2 KOH(cr)
3 KNO4(cr) +4 CH,/(g) =C,N,OH(cr) +4 H,O(lg)+ | .. .. .
+ 3 KOH(cr) + 0.50,(9) | 858.0 | 384.0 | 743.5
5 KNO,(cr) + 5 CH,(g) =C.N.OH .(cr)+5 H,O(lq) +
+5 KOH(cr) + 2 0,(q) | 893.0 | 281.4 | 809.0
5 KNO4(cr) + 5 CH,(g) =C.N.H(cr) + 5 H,O(lqg) +
+ 5 KOH(cr) + 2.50,(9) 1613.1 1187.1 1 557.3
2 KNO4(cr) + 4 CH,(g) + 1.50,(g) =C,N,O,H ,(cr) +
+5 H,0(lg) + 2 KOH(cr) I 1421 16829 | 11218
Conclusion: eachN-base can be O, emits to the
produced within the hydrate structure atmosphere!
from methane and niter.




