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Aquamoleculomics: a thermodynamic cornerstone of systems biology
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Abstract: Systems biology has been established for more than a decade in
the post-genomic era. With the help of the computational and mathematical
tools, systems biology reconstitutes the entire scenario of the cell, tissue
and even organism from the pieces data generated in the past decades.
However, the modern biology is mainly focusing on the structure and
function of the biomolecule, cell, tissue or organ, which are far from the
essence of the life because of missing thermodynamic information. It is
doubtable that the current systems biology-based omics is no-how to fully
understand the dynamic courses of the structure, function and information
in life. For this reason, we promote a novel concept of aquamoleculomics,
in which the biological structure and function as well as thermodynamic
characteristics and bioinformation of the aguamolecule complexes are
included in this theoretical model of systems biology. Water is mother of life,
matter and matrix of organism. Indeed, the fundamental roles of H20
molecules in biological processes might be dramatically underestimated.
Extremely speaking, H20 networks in the living system might be engaged
in all the biological processes including building all the biological structures,
the residential places of the motherhood molecules as the honeycombs of
honeybees.
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Induction

During the decades of the molecular biology and cell biology, the mechanisms of the
interactions between molecules and signalosome complexes have been well anatomized
experimentally and theoretically. In the post-genomic era, the modeling of complex
biological systems creates a new biological branch called systems biology through the
computational and mathematical analysis (1-5). In systems biology, the complex
biological systems are known as various disciplines with the names ending in the suffix -
omics, such as phenomics, interferomics, phosphoproteomics, glycoproteomics,
glycomics, lipidomics, interactomics, fluxomics, biomics, ionomics, enviromics,
regulomics,  secretomics, transcriptomics, toponomics, pharmacogenomics,
phytochemomics, ionomics, enviromics, which of them collect the bioinformation of the
accumulated biomolecules and signalosome based on the structure and function
sequentially assembling to the cells, tissues or organs and even organisms (6-11).

However, the current theory of bioinformatics-based omics is not originated from the living
organisms, more likely just to meet the requirements of biologist’'s research activities.
Indeed, it might be oversimplified to assemble into the cells, tissues or organs and even
organisms just by consequentially accumulating the structures and functions of the
biological molecules. In fact, it is well known that the common pitfall of the modern biology
is that the importance of H20 networks in the biological processes might be inadvertently
underestimated (12-15). Another critical pitfall is the failure to understand the mental and
psychiatric machinery in the modern molecular biology and the omics biology. H20
molecules occupy above 70% of the body weight in the cells and/or the organisms and
engage in the most steps of the biological processes. At the molecular omics
(moleculomics), the most biomolecules are resolved and hydrated in H20 networks as
the aqua molecule complexes (16-18). The aqua molecule omics might be the most
essential system in the structure, function and even information of the cells and/or the
organisms. Therefore, it is impossible to fully describe the mystery of the cells or
organisms and understand how the biological pieces interacting one another without
engaging in H20 networks. In other words, the current systems biology perhaps nowhere
to completely unveil the mystery of the essence of life through taking the pieces apart and
then putting the pieces back as Russian Blocks Game.

To be mentioned, life is a semi-open aqueous solution of thermodynamic system with
nonlinear and far from equilibrium. Thus, the laws of thermodynamic mechanism are only
powers to fully discover the mysteries of the structure, function and information in all the
cells and organisms. To achieve the goal for better understanding biology, we promoted
the model of aguamoleculomics, in which the biomolecules or signalosomes and H20
networks combined to accomplish all the biological processes by following the law of
thermodynamic mechanisms.
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H20 networks is the cradle of life

No water, no life. To be the mother of life, there are many unique physical and chemical
properties in H20 molecular networks, such as proton donor and acceptor, perfect
solvent, excellent thermal conductivity and information processing ability. As Albert Szent-
Gyorgyi, Nobel Prize winning physiologist said: “Water is life's matter and matrix, mother
and medium. There is no life without water”.

1. H20 molecules function as proton donors and acceptors

H20 is an amphoteric molecule which can function as a proton donor in an acid
environment and acceptor under a base condition. The self-ionization of H20 molecule
can play a dual role in many acid-base reactions (Fig. 1A). The process of diffusion of
protons (H* ions) in aqueous solution can create a phenomenon of proton hopping or
jumping called as Grotthuss mechanism (Fig. 1B) (19-21). Proton jumping is always
coupled with electron transfer which might be fundamental mechanism in biochemical
reactions include oxidation in photosynthesis and oxygen reduction reaction of energy

metabolism.
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Fig. 1: The schematic depiction for the proton reservoir and proton coupled electron
transfer in aqueous solution. A. Proton donor and acceptor of H,O molecules. B. Proton
coupled electron transfer in Grotthuss mechanism.

The proton reservoir and proton flow in aqueous solution play key roles in the life cradle
of H20 networks. The quantum properties of proton jumping coupled with electron
transition provide H20 networks the ability to keep the individual molecule alive in the
aqueous solution under the proper temperature. Proton jumping and electron transition
are not merely random as thought (22). The information from the proton jumping in
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Grotthuss mechanism and the quantum entanglement between the proton and coupled
electron is resultantly from the quantum computation of the thermodynamic equilibrium.
From this point of view, quantum mechanics is an essential to the mechanism of life. It is
sayable that there is no life without quantum mechanics.

2. The aguaion complexes and the aqua molecule complexes

The quantum property of proton flow provides H20 networks a possibility to extend the
thermodynamic power in aqueous solution, which naturally create a unique physical and
chemical environment as the biophysical and biochemical cradle of the aqua molecule
complexes. For example, the ion Na* gains its mobility which could respond to the
thermodynamics after dissolved as aqua ion complex from the salt crystals, which is
typically solvated by two or so layers of hydration H20 networks (23). The ability of the
aqua Na* complex is from the hydrate shell of H20 networks around the ion (Fig. 2). In
amphiphiles which containing a nonpolar hydrophobic region and a polar hydrophilic
region, the hydrated shells are either the specific orders or the hydrogen bonds along the
regions of the molecules to self-assemble distinct structures such as micelles and even
protocells, the initiating stages of primitive organisms (Fig. 2).
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Fig. 2: The schematic depiction for the for the representation of the hydrated Na* and
phospholipid molecule in H,O networks, as well as the protocell formed with the aqua
molecule complexes.
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3. H20 molecule life cycles in the synthesis and the lysis of the biomolecules

H20 molecules are not only perfect media, matrices and solvents of biomolecules, but
also integral parts of biomolecular structural organizations, which are directly involved in
the biosynthesis and the hydrolysis of the large biomolecules such as DNAs, RNAs,
proteins and lipids (sFig. 1A-C). In the metabolism of carbohydrate [Cm(H20)n], H20
molecules are essential for the energy production from the beginning to the end in
respiration chain, in which H20 molecules are generated in the biosynthesis, and broken
down in the biomolecule hydrolysis (Fig. 3).
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Fig. 3: The schematic depiction for the life cycle of H,O molecules generated in the
biosynthesis and broken down in the biomolecule hydrolysis.

Thus, H20 molecules directly are the structural parts of organisms residing in the large
biomolecules. In other words, the life and death of H20 molecular cycles are synchronized
with the synthesis and lysis of the biomolecules. Except involving in the synthesis and
lysis of the biomolecules, H20 molecules also play the central roles to the two
fundamental metabolic reactions in organisms: photosynthesis and cellular respiration. In
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energy metabolism, one glucose molecule together with six oxygen molecules are spliced
into six carbon dioxide and six H20 molecules (sFig. 2)

Conversion of the energy and information in the agua biomolecule complexes

No H20 networks, no bioinformation. The thermodynamic bioinformation should be
derived from the statistic calculations of the biomolecular properties including the
numbers and disorders, symmetry and asymmetry or supersymmetry, especially
hydrogen numbers which represent the thermodynamic characteristics of the ions and
biomolecules. The dynamics of hydrogen bonds in H20 networks corresponds to the
fluctuations of free energy in the solution around the ions and biomolecules. The most
biomolecules are embraced by H20 networks varied with the hydrophilic and/or
hydrophobic characteristics in the water solution.

1. thermal radiation, conduction and convection

The mechanism of the heat transfer in living system is the basis of the thermal radiation,
conduction and convection. The allosteric conformational shifts of biomolecules are
accompanied by the absorption and emission spectra of electromagnetic rays which could
radiate other biomolecules including surrounding H20 networks. Further, the radiation
could continuously be transferred through the conduction of the O-H vibrations. However,
the convection of heat energy in living system only occurs when existing a high energy
resource such as ATP hydrolysis and heart beating in advance organisms.

2. Bioinformation central dogma in the aqua biomolecule complexes

In the universe, all systems encompass matter, energy and information three elements.
Basically, energy drive matter to interact with matter under the guidance of information.
In the living organism, free energy drives one biomolecule to interact with other molecules
under the guidance of the bioinformation. In the hydrated biomolecules, the structural
features, the thermodynamic characteristics, and the entropic variables of the H20
molecule surrounded biomolecules (named as “aguamoleculosomes") could be identified
by the conversion of the energy and information. Aquaphotomics studies show that the
internal free energy of molecule and the information flow in the H20 capsid may represent
Onsager reciprocal-like relation (24-27). In aquamoleculomics, the concepts of
aquaphotomics are extended. The hydrated molecules are considered as the intact units
essentially representing the thermodynamic characteristics of the molecules in a living
system. Since “agquamoleculosomes" hypothetically were designed as fundamental
interaction units in living organism, it must contain certain levels of internal energy and
guantitative amount of information which could determine them where to go and how to
interact with each other. Here, we could design an ideal “aquamoleculosome”, in which
the hydrated molecule thermodynamically near equilibrium between the molecule and
H20 clusters, and the thermodynamic energy and information (Fig. 4).
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Fig. 4: The schematic depiction for the structure, energy and information of the
hypothesized ideal “aquamoleculosome”. The quantitation of information in the ideal
“aquamoleculosome” is attached at the left side and information transfer so called
bicinformatic center dogma is attached at the right side.

The information in H20 networks could be quantitated with the basic unit of bit and
guantum unit or qubit (Fig. 4) (28). For example, if the bit was defined as | 0 > representing

the broken hydrogen bond and | 1 > representing the intact hydrogen bond. In the
equilibrium zone of the given isolated “aquamoleculosome”, the thermodynamic
characteristics and free energy of the molecule is mimetically transferred into the around
H20 network via radiation and vibration. The energy changing in H20 network is shown
by the molecule symmetry, hydrogen bond formation and H20 cluster mobility, eventually
entropy in “aquamoleculosome”. H20 networks could possess different levels of energy
and information, such as low free energy and order in ice, median free energy and
disorder in liquid and high free energy and disorder in gas (sFig. 3). H2O molecule has
two O-H bonds with horizontal and vertical symmetric mirrors. When biomolecules,
especially DNA/RNA, protein and their complexes, absorb or release free energy, the
symmetries of H20 molecules and disorder of H20 networks in the surrounding zones will
be consequentially changed with the conformation dynamics of “aquamoleculosomes".
Through this mechanism, free energy changing in “aguamoleculosome" could be
realtimely converted to information at the levels of both thermodynamics and quantum
mechanics. Thus, when the structure and conformation of biomolecules change from
primary to secondary, tertiary and quaternary, free energy and information of the
molecules could thermodynamically be transferred into the surrounding H20 networks.
This information transfer process in the equilibrium zone is equally to RNA transcription
using DNA as a template. The information conversion will be continuously transmitted
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from the equilibrium zone to the far from equilibrium zone, which is functionally equally to
the translation process from RNA to protein in the biological center dogma. The
conversion of the energy and information in “aguamoleculosome" could be called as
bioinformatic central dogma or as the second central dogma of biology in living organism.
In this bioinformatic central dogma, H20 networks functionally monitor and calculate the
conversion of the energy and the information in a manner of the quantum computation.

In the living organisms, the free energy and information of the equilibrium zones in the
“aquamoleculosomes” will dramatically vary with the concentration of ATP molecules
which could release heat energy into the H20O networks when hydrolyzed. Usually, one
ATP molecule could release about 75 KJ per mol of heat energy which could potentially
break the hydrogen bonds of the surrounding H20 molecules (sFig. 4). Since both proton
flow and hydrogen bond dynamics possess the excellent quantum properties, it means
that if there will be no quantum mechanics, there will be no bioinformation in life.

Aguamoleculomics in self-organization of the living organisms

No H20 networks, no self-organizations in the living organisms. As mentioned above, all
molecules in the aqueous solutions are hydrated through the mechanisms of hydrophobic
and hydrophilic interaction. In the prototype theoretical model of the sand piling, the self-
organization in the living organisms could supposedly be a process of the chemical bond
formation triggered by the biological self-organized criticality (SOC) and 1/f noise, a
biological self-organization triggering factor (SOTF) (29). The “aquamoleculosomes"
function as the cornerstones in the self-organization of the living organisms. When the
hieratical SOC receiving a corresponsive self-organization initiator SOTF, the local group
of “aquamoleculosomes" could form the ordered structures via variety of chemical bonds.
The self-organization in the living system are totally thermodynamic processes strictly
controlled by the law of the entropic system. The self-organization should be the
processes of the thermodynamic equilibrium of biological structure, energy and
information from uncertain to relative certain the equation of the entropic system (Fig. 5)
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Fig. 5: The schematic depiction for the entropic system of a given “aguamoleculosome”
in which contains the structure, energy and information.
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The self-organizations are the key phenomena in the living organisms, through which the
organisms can make the progressions in replication, growth, differentiation, and
especially in revolution from protocell to organism. The self-organizations in the
organisms are equal to the original residents of H20O networks to build its “houses”, “cities"
and “nations” with the later joiners of biomolecules, just like honeybees to build its
honeycombs. The self-organization of the “aquamoleculosomes" often occur in the
chemical oscillation and thermal convection which are mimicable to Belousov-

Zhabotinsky (B-Z) chemical oscillation and/or Rayleigh-Bénard (RB) convection (31-34).
1. Aquamoleculomics in the origin and evolution of life

Protocell is believed the stepping-stone toward the origin of the living organisms, which
is phospholipid bilayer membranes with the endogenous ordered “aquamoleculosomes".
The late phases of protocells exhibit some life-related biological activities such as simple
metabolisms and excitability pathways probably obtaining through the self-organizations
of “aquamoleculosomes". It is well known that phospholipids could spontaneously form
liposomes and microspheres in H20 solutions through an entropic force mediated
mechanism (Fig. 2). The mechanism why the H20 networks can be the mother of life
might be due to its physical and chemical properties of the H2.O molecules, specifically
the approximate linear relationships between the free energy and structure of H20
networks (e.g., the numbers of the hydrogen bonds) (sFig. 5). H20 networks properties
of the thermodynamic characteristics are well expressed in the phase of liquid water, in
which there are dramatically correlated between the microstate and macrostates (such
as the temperature, pressure etc.), free energy and entropic force, probably entropy and
constant of the entropic systems (Fig. 5). Protocells are composed of various
“aquamoleculosomes" which could be self-organized to large biomolecules such as
DNAs/RNAs and proteins. Therefore, it is “aquamoleculosomes" which are the initial units
of matter, energy and information, but not cell in the origin and evolution of the living
organisms.

2. Hierarchical emergent properties in the self-organization processes

The key processes in the life evolution from protocell to cell are the emergences of the
biological properties such as metabolism and reproduction. The emergent properties in
the self-organization of the “aquamoleculosomes" are the serial consequences of the
phenotypes (macrostates) transitions through the SOC formations (such as signal
pathways, enzymes and receptors etc.) and the SOTF productions (such as activated
enzymes, hormones/cytokines, ATP hydrolyses, biomolecule modifications and
signalosome formations etc.). Based on the equation of the entropic system, the
macrostates (the emergent phenotypes) are determined by the rest variables as following:

AX = (%) (%) InQ (1)
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For example, the aguanucleotides aquaadenine (A), aquathymine (T) and aquaguanine
(G) are free “aquamoleculosomes” with their own entropic variables in the cytoplasm of
the cells. Once they are conjugated by DNA polymerase as ATG in the synthesis of DNA
molecules, AquaATG could function as an emergent biological property of the triplet start
code of a gene and code for the amino acid methionine. And so forth, the various
recombination of three aquanucleotides in A, T, C and G resulting in the variety of the
potential genetic codes to code the different amino acids of protein molecules, which
create the function domains including the biological active centers and interaction motifs.
Besides the vertical hierarchies of the emergent phenotypes, there are also the horizontal
hierarchies of the emergent phenotypes in the “aguamoleculosomes” formed through
secondary bond coupling between aguaDNAsS/RNAs and aquaproteins. The homo-
and/or heterodimerizations of the biomolecules are absolutely required for some stages
of emergent phenotypes such double stand DNA and homodimers of enzymes, and so
on as complexes, subcellular organs, cells, organs or tissues, systems and entire
organism body. It is the vertical and horizontal hierarchies of the emergent phenotypes
or macrostates which constitute the biological structures of the phenotypic networks
temporally and spatially carrying out the biological activities in the DNA-RNA-protein
central dogma chain.

Except directly involving in the syntheses of DNA replication, RNA transcription and
protein translation, H20 networks might surveil all the stage transitions of hierarchical
complexity in the DNA-RNA-protein axis of the biological central dogma. In the model of
entropic systems biology, a cell might be composed of various hierarchical complexities
of entropic systems including vertical chain of large molecules with the concatenated
residues and horizontal coupling of different large molecules such as DNA-protein
complexes, RNA-protein complexes and protein-protein complexes. In each level of
entropic system, there are specific constitutional microstate (Q) and macrostate (AX), free
energy (Q), entropic force (Fay), entropy (S) and entropic system constant (Ec), which
are surveilled, calculated and transmitted by the surrounding H20 networks. The
transitions between DNA replication and RNA transcription, RNA transcription and protein
translation are respectively coordinated by the specific SOCs and SOTFs sequentially.
In the life evolution, protocells could be maturated into cells or organs through the
emergent hierarchical properties.

3. Entropic systems biology of aquamoleculomics in cell proliferation,
differentiation, survival and death

Cell is an essential unit of the biological structure and function in advanced organisms,
which is also a semi-open thermodynamic system or semi-open entropic system
composed of variety of hierarchical “aquamoleculosomes”. Therefore, the approach to
study cell biology is not only putting the pieces of information about biomolecules,
biomolecule complexes, signalosomes etc. together to build their interaction networks,
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but also digging out the systemic information and forces to fully understand the deep
mechanism of the cell proliferation, differentiation, survival and death. It is well known that
the cells from the same tissue of the body almost share the same DNA sequences and
guantitative numbers of biomolecules. The question is why they not always share the
same fate of the proliferation, differentiation, survival and death. To answer the question,
the key step is to consider the cells in the tissue as the thermodynamic systems with the
different entropic variables.

The cell proliferation, differentiation, survival and death might be considered as the
phenotype transitions occurred in the processes of the self-organizations. Every cell in
tissues bearing the systemic SOCs of the proliferation, differentiation, survival and death.
When the cells met the specific SOTFs, the transitions could be triggered through the
activations of the downstream signaling pathways of the specific SOC-SOTF systems.
For example, while oocyte could correspond to sperm, resting tissue cells could
correspond to the hormones and cytokines. After stimulated by the SOTFs, cells could
replicate when the variables doubly increased, and differentiate when S decreased but

AX and/or FAx increased. All the cell behaviors including proliferation, differentiation,
reprogramming, and migration are determined by the equation of the entropic system:

)(E) (=1 (cel @

AX ) (Fax
Q

(I nQ

Thus, the cell fates of the proliferation, differentiation, survival and death might be the
thermodynamic equilibrium processes of the entropic system variables. Inside the cells,
the microstates () of statistical mechanics in the isolated “aguamoleculosome” are from
both ions or biomolecules and H20 molecules, which generally rely on the temperature
and free energy,
Q
Q= ek (3)

The macrostates inside the cells include all the biological properties emerged in the self-
organization processes of the aquamolecules and/or “aguamoleculosomes”. The
macrostate transitions are driven by the entropic forces (Fa,) which come from the
thermodynamic equilibrium processes of the variables such as (AX), entropy (S) and
Temperature (T) or free energy (Q):

ST Q
FszEC§== Ecﬁ 4)

the entropic forces (Fay) are the phenotypic forces deriving from the free energy and
acting on the emergent phenomena (macrostates) resulting from the entire living
organisms. Theoretically, all the biological interactions between the phenotype-
phenotype are mediated by the entropic forces. Nonetheless, it is undoubted that all the
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phenotype transitions and the entropic variable equilibria could be accomplished without
the environment of H20 networks. Definitely, the properties of H2O networks and
aquamolecules or “aquamoleculosomes"” are the prerequisite for the entropic variable
thermodynamic equilibrium and the phenotype transition in the cell proliferation,
differentiation, survival and death.

Aguamolecuomics of conscious minds

Water is not only the mother of life’s body, but also of the life’s soul. If there is no H20
networks and thermodynamic mechanism, there would be no conscious minds in the
living organisms. H20 molecules are not just the media, matrices and solvents, but also
the key parts of the biological structure and soul of the organisms. The conscious mind is
a systemic macrostate phenotype of thermodynamic or entropic system and the emergent
properties of an ability to detect and response to the information from both inside and
outside of the living system. All thermodynamic systems possess their own “conscious
minds" except the absolute temperature of the system is equal to zero.

1. Thermodynamic mechanism of the conscious mind

What is the conscious? What is the mind? The questions are not clear as the same as
‘what is life? ", which have no answers so far. Basically, life is an open system far from
thermodynamic equilibrium. So, it is clear the answers for these questions could only be
obtained from the thermodynamic mechanism.

The most forlornness in past decades of the genome and post-genome era is failed to
deeply understand the essences of life and mechanisms of the conscious mind. The
conscious mind might be one of the emergent systemic properties created in the living
organisms through the entropic mechanisms (30). Indeed, all the subject movements are
controlled by the weak or strong “consciousnesses”, even in the stochastic electron
transition (22), Brownian motion and Markov chain mechanism when they are processed
under the thermodynamic environment (35-36). Because of the essence of mass, energy
and information in the thermodynamic universe, a subject moves around within the three-
dimensional space defined by the microstate-macrostate, free energy-entropic force and
entropic system constant-entropy of an entropic system (Fig. 5). In the biological system,
the “conscious minds" of the “aquamoleculosomes”, “aquamoleculosome” complexes,
subcellular organs, cells, organs and organisms are hierarchically accompanied by H20
networks.

Water memory: a view from aquamoleculomics

It is believed that the concept of water memory was mis-manipulated experimentally and
theoretically for a long time (37-42). It is true that ancient philosophies of animism believed
all creatures including objects and places in the universe possess their spiritual minds. It
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might be the “conscious mind" to allow H20 molecules freely flying in the gas phase,
strictly assembling various snowflakes in ice phase and flowing flexibility in liquid phase.
However, once become the selfless mother of life, H2O molecules completely contribute
the “conscious minds" to the “adopted children" (biomolecules) in a mirror-inverted
manner. In other words, H20 networks think what the biomolecules thought and
remember what the biomolecules remembered. However, it is impossible for H20
networks to form and keep the conscious minds by themselves alone neither in the
oceans nor in our bodies since the lifetime of a hydrogen bond in water is between 10-12-
1013 second (39).

From the aspect of aqguamoleculomics, it is not so hard to understand the unique roles of
H20 networks in memory. In the entropic system of “agquamoleculosome”, the
thermodynamic characteristics fully rely on the biomolecule which of the energy and
information were merely reflected in surrounding H20 networks. In the neural networks of
brain, the order and symmetry of H20 molecules, and the numbers of H20 networks are
entirely determined by the conformation and free energy of the phospholipid molecules
(Fig. 6). The information transcribed from the molecules and neural networks in H20
networks could vary with the nervous morphologies and the potential pulses of the
dendrite fibers. As in other parts of the human body, water occupies 85% weights in the
brain tissues. In other words, all neurons and neural networks are soaked in H20 networks

(Fig. 6).
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Fig. 6: The schematic depiction for the scenarios of brain and neural networks in H,O
networks.
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In fact, the brain contains much more water than any other organs in adult human body.
Beside in the cells and tissues, especially in ventricles there are additional 100 to 150 mi
of CSF, 99% of which is water cycling inside the head. The neural networks in brain might
vertically and horizontally provide the hierarchical emergent properties to monitor,
calculate, store, passage and integrate the most complicated information when thinking.

Discussion

Water molecules make up 70% to 98% components in the various organisms. The
properties of H20 molecules are the keys to be as the mother of life, perhaps the only
candidate to be as the motherhood of life in the universe. In the living systems, all
biomolecules are surrounded by the H20 networks varying with their hydrophilic and
hydrophobic properties. The properties of the interactions between H20 molecules and
biomolecules in agueous solutions have been well studied by the approach called
aquaphotomics for decades (24-25). There is also commercial bio-companies studying
moleculomics (Moleculomics Inc.). In the present article, we promote a novel concept of
aquamoleculomics in which aquaphotomics and moleculomics are combined to interpret
the biological processes in the systems biology of entropic systems.

If it was true that a unicellular organism might be derived from a protocell, H2O molecules
must be primitive biomolecules in the living organism. During the processes of life
revolution, the successors of other biomolecules gradually dominate the emergences of
the biological properties which attract innumerable biologists to contribute to the studies
of explorations. However, the significances of the primitive biomolecules, H20 molecules
in life are obviously underestimated or even ignored for so long. For example, during the
syntheses of large biomolecules such as DNAs, RNAs and proteins, H20 molecules are
also produced at each residual bond formation of the molecular chain extensions (sFig.
1A-C). When the organisms replicate, the most replicated are H20 molecules which
occupy 98% components in jellyfishes. In metabolism, H20 molecules also play the key
roles. More importantly, H2O networks play the fundamental roles in the conversion of
energy and information, and in calculation of the thermodynamic properties. Seriously, it
could be arguable that the organisms are dominated by biomolecules such as DNAs,
RNAs and proteins etc., or mainly by H20 networks. Apparently, the frozen organisms
are no more animals because H20 networks lost all functions inside the bodies.
Tardigrade (water bear) accounts for more than 80% of water molecules in its body. When
Tardigrade shed 90% of its water molecules in a harsh desert environment, it will curl up
into a bucket in a pseudo-death state even there are all the biological structural molecules
including about 10% of bound H20 molecules. But once exposed to proper H20
environments, Tardigrade can restore its normal lifestyle (sFig. 6) (43). From these
phenomena, we might promote the following questions: What is the essence of life? Who
are the real host molecules, H20 molecules or other biomolecules? If H2O molecules were
the real host molecules, could it be that the biomolecule complexes, subcellular organs,


https://doi.org/10.20944/preprints202104.0686.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 26 April 2021 d0i:10.20944/preprints202104.0686.v1

cells, organs and the entire body are just the type of the constructions for the residential
places of H20 molecules? Could H20 networks be able to build the biological structures
with the resolved molecules in the solution just like the honeycomb honeybee made?

In summary, it could be concluded that if there were no H20 molecules and no
thermodynamic mechanism, there would be no life and no biology at all. In past decades,
modern biology was developed from anatomy, cell biology, molecular biology and
systems biology relatively to be independent on thermodynamic mechanism and the
properties of aqueous solutions. It is perhaps one of the pitfalls, which leads the weak
power for the current biology to unveil the mysteries of the mechanisms in the conscious
mind and psychiatry activities. It is about time to realize that it is inevitable to include the
thermodynamic mechanism of H20 networks when the biologists are establishing the
consummate systems biology. The ideal systems biology of the living organisms might
be better designed as a quantum computer, in which hardware of biomolecules
constitutes the basic structures, and software of H20 networks masters the energy
conversions and information processes including the monitors, computations and
transfers. To be mentioned, thermodynamic mechanism of the living organisms only could
be interpreted by the approach of the entropic system, in which the bioinformation
functions as the guider to control the continuous ongoing steps of the body. Meanwhile,
the entropic systems biology might also provide us the wider and deeper visions in the
developing mechanisms of the diseases including cancer and dementia, even aging.

References

1. Snoep, J. L., Westerhoff, H. V. "From isolation to integration, a systems biology
approach for building the Silicon Cell". In Alberghina, Lilia; Westerhoff, Hans V
(eds.). Systems Biology: Definitions and Perspectives. Topics in Current
Genetics. 13. Berlin: Springer-Verlag. 2005, pp. 13-30. doi:10.1007/b106456.
ISBN 978-3-540-22968-1.

2. Gardner, T. S. di Bernardo, D., Lorenz, D., Collins, J. J. "Inferring Genetic
Networks and ldentifying Compound Mode of Action via Expression Profiling”.
Science. 4 July 2003, 301 (5629): 102-105. Bibcode:2003Sci... 301..102G.
doi:10.1126/science.1081900. PMID 12843395. S2CID 8356492

3. Sauer, U., Heinemann, M., Zamboni, N. "Genetics: Getting Closer to the Whole
Picture". 27 April 2007, Science. 316 (5824). 550-551.
doi:10.1126/science.1142502. PMID 17463274. S2CID 42448991

4. Karr, J. R., Sanghvi, J. C. Macklin, D. N. Gutschow, M. V. Jacobs, J. M. Bolival,
B., Assad-Garcia, N., Glass, J. I. Covert, M. W. "A Whole-Cell Computational
Model Predicts Phenotype from Genotype". Cell. July 2012, 150 (2): 389-401.
doi: 10.1016/j.cell.2012.05.044. PMC 3413483. PMID 22817898


https://doi.org/10.20944/preprints202104.0686.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 26 April 2021 d0i:10.20944/preprints202104.0686.v1

5. Byrne, H. M. "Dissecting cancer through mathematics: from the cell to the animal
model". Nature Reviews Cancer. 2010, 10 (3): 221-230. doi:10.1038/nrc2808.
PMID 20179714. S2CID 24616792.

6. Cascante, M., Marin, S. "Metabolomics and fluxomics approaches". Essays in
Biochemistry. 2008, 45: 67-82. doi:10.1042/bse0450067. ISSN 0071-1365.
PMID 18793124

7. Reiser, M. "The ethomics era?". Nature Methods. 2009, 6 (6): 413-414.
doi:10.1038/nmeth0609-413. PMID 19478800. S2CID 5151763

8. Kazantzidis, I., Florez-Revuelta, F., Dequidt, M., Hill, N., Nebel, J. "Vide-omics:
A genomics-inspired paradigm for video analysis". Computer Vision and Image
Understanding. 2018, 166: 28—40. doi: 10.1016/j.cviu.2017.10.003

9. Timothy D. Veenstra Omics in Systems Biology: Current Progress and Future
Outlook. Proteomics. 15 December 2020
https://doi.org/10.1002/pmic.202000235

10.Gehlenborg, N., O'Donoghue, S., Baliga, N. et al. Visualization of omics data for
systems biology. Nat Methods. 2010, 7:S56-S68.
https://doi.org/10.1038/nmeth.1436

11.Joshi, A., Rienks, M., Theofilatos, K. et al. Systems biology in cardiovascular
disease: a multiomics approach. Nat Rev Cardiol. 2021, 18:313-330.
https://doi.org/10.1038/s41569-020-00477-1

12.Chaplin, M. Do we underestimate the importance of water in cell biology? Nature
Reviews Molecular Cell Biology. December 2006, 7(11):861-6 DOI:
10.1038/nrm2021 Corpus ID: 42919563

13.Chaplin, M. Do we underestimate the importance of water in cell biology? Nat
Rev Mol Cell Biol. 2006, 7:861-866

14.Ball, P. Water as an active constituent in cell biology. Chem Rev. 2008, 108:74—
108.

15.Ball, P. Water is an active matrix of life for cell and molecular biology. PNAS
December 19, 2017, 114 (51) 13327-13335; first published June 7, 2017,
https://doi.org/10.1073/pnas.1703781114

16.Wyttenbach, T. Bowers, M. Hydration of biomolecules. Chemical Physics Letters.
September 2009, 480:1-3 DOI: 10.1016/J.CPLETT.2009.08.042 Corpus ID:
94069836

17.Leopold, K. Hydrated acid clusters. Annual review of physical chemistry. January
3, 2011, 62:327-349 DOI: 10.1146/annurev-physchem-032210-103409 Corpus
ID: 207613733

18.Cesaro, A., Brady, J.W. Frontiers in Water Biophysics: Water Interaction with
Biomolecules. Food Biophysics. 2013 8:151-152.
https://doi.org/10.1007/s11483-013-9319-y



https://doi.org/10.1002/pmic.202000235
https://doi.org/10.1038/nmeth.1436
https://doi.org/10.1038/s41569-020-00477-1
https://doi.org/10.1073/pnas.1703781114
https://doi.org/10.1007/s11483-013-9319-y
https://doi.org/10.20944/preprints202104.0686.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 26 April 2021 d0i:10.20944/preprints202104.0686.v1

19.Agmon. N. The Grotthuss mechanism. Chemical Physics Letters. 13 October
1995, 244-5-6):456-462. https://doi.org/10.1016/0009-2614(95)00905-J

20.Markovitch, O., et al. "Special Pair Dance and Partner Selection: Elementary
Steps in Proton Transport in Liquid Water". J. Phys. Chem. B. 2008, 112 (31):
9456-9466. doi:10.1021/jp804018y. PMID 18630857

21.Huynh, M. H. V., Meyer, T. J. "Proton-Coupled Electron Transfer". Chemical
Reviews. 2007, 107 (11): 5004-5064. doi:10.1021/cr0500030. PMC 3449329.
PMID 17999556.

22.Minev, Z., Mundhada, S., Shankar, S. et al. To catch and reverse a quantum
jump mid-flight. 2019, Nature 570, 200-204. https://doi.org/10.1038/s41586-
019-1287-z

23.Cappa C.D., Smith J.D., Messer B.M., Cohen R.C., Saykally R.J. Effects of
cations on the hydrogen bond network of liquid water: New results from X-ray
absorption spectroscopy of liquid microjets. J Phys Chem B. 2006, 110:5301-
5309

24.Tsenkova R. Agquaphotomics: dynamic spectroscopy of aqueous and biological
systems describes peculiarities of water. J. Near Infrared Spectrosc. 2009,
17:303-313, 10.1255/jnirs.869

25.Tsenkova, R., Muncan, J., Pollner, B., Kovacs, Z. Essentials of aquaphotomics
and its chemometrics approaches. Front. Chem. 2018, 6:363,
10.3389/fchem.2018. 00363

26.0nsager, L. "Reciprocal Relations in Irreversible Processes. I." Physical Review.
American  Physical  Society (APS). 1931, 37 (4): 405-426.
doi:10.1103/physrev.37.405. ISSN 0031-899X

27.Miller, D. G. "Thermodynamics of Irreversible Processes. The Experimental
Verification of the Onsager Reciprocal Relations”. Chemical Reviews. American
Chemical Society (ACS). 1960, 60 (1): 15-37. doi:10.1021/cr60203a003. ISSN
0009-2665

28.Heim, B., Soeken, M., Marshall, S. et al. Quantum programming languages. Nat
Rev Phys. 2020, 2, 709-722. https://doi.org/10.1038/s42254-020-00245-7

29.Bak, P., Tang, C. and Wiesenfeld, K. "Self-organized criticality: an explanation
of 1/f noise". Physical Review Letters. 1987, 59 (4): 381-384.

30.Nie, Z, Nie Y. An Equation Simultaneously Encodes the Duality of The Mind and
The Body. 2021, Preprints 2021020233 doi: 10.20944/preprints 2021 02.
0233.v1.

31.Hudson, J.L., Mankin, J.C. "Chaos in the Belousov—-Zhabotinskii reaction”. J.
Chem. Phys. 1981, 74 (11): 6171-6177. doi:10.1063/1.441007

32.Atchara, S., Horst-Dieter, F., Vladimir, D., Richard J.F. "Bromination Reactions
Important in the Mechanism of the Belousov-Zhabotinsky System". The Journal



https://doi.org/10.1016/0009-2614(95)00905-J
https://doi.org/10.1038/s42254-020-00245-7
https://doi.org/10.20944/preprints202104.0686.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 26 April 2021 d0i:10.20944/preprints202104.0686.v1

of Physical Chemistry A. 1999, 103 (8): 1038-43. Bibcode:1999
JPCA..103.1038S. d0i:10.1021/jp9825213

33.Lord, R. "On the convective currents in a horizontal layer of fluid when the higher
temperature is on the underside". Philosophical Magazine. 6th series. 1916, 32
(192): 529-546.

34.Pearson, J.R.A. "On convection cells induced by surface tension". Journal of
Fluid Mechanics. 1958, 4 (5): 489-500. Bibcode:1958JFM 4..489P.
doi:10.1017/S0022112058000616

35.Neumann R.M. "Entropic approach to Brownian movement". American Journal
of Physics. 1980, 48 (5): 354-357.

36.Thompson L.F., Qian, H. Potential of Entropic Force in Markov Systems with
Nonequilibrium Steady State, Generalized Gibbs Function and Criticality.
Entropy 2016, 18(8):309; https://doi.org/10.3390/e18080309

37.Minev, Z., Mundhada, S., Shankar, S., P Reinhold, R Gutiérrez-Jauregui, R J
Schoelkopf, M Mirrahimi, H J Carmichael , M H Devoret. To catch and reverse a
guantum jump mid-flight. Nature. 2019 570:200-204
https://doi.org/10.1038/s41586-019-1287-z

38.Davenas, E., Beauvais, F., Amara, J. et al. Human basophil degranulation
triggered by very dilute antiserum against IgE. Nature, 1988, 333:816-818

39.Cowan, M.L., Bruner, B.D., Huse, N. et al. Ultrafast memory loss and energy
redistribution in the hydrogen bond network of liquid H20. Nature, 2005, 434:199-
202

40.Maddox, J., Randi, J., Stewart W.W. ‘High dilution’ experiments a delusion.
Nature, 1988. 334:287-290

41.Benveniste, J., Aissa, J., Guillonnet, D. "The molecular signal is not functional in
the absence of "informed" water". FASEB Journal. 1999, 13 (4): A163.

42.Montagnier, L. et al. "Electromagnetic signals are produced by aqueous
nanostructures derived from bacterial DNA sequences”. Interdiscip Sci. 2009, 1
(2): 81-90. d0i:10.1007/s12539-009-0036-7. PMID 20640822. S2CID 7158953

43.Schill R.O. Anhydrobiotic Abilities of Tardigrades. In: Lubzens E., Cerda J., Clark
M. (eds) Dormancy and Resistance in Harsh Environments. Topics in Current
Genetics. 2010, vol 21. Springer, Berlin, Heidelberg. https://doi.org/10.1007/978-
3-642-12422-8 8



https://doi.org/10.1038/s41586-019-1287-z
https://doi.org/10.20944/preprints202104.0686.v1

