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THE DYNAMICS OF BIOPLASMA AND METABOLISM by Wlodzimierz Sedlak

A new look at the dynamics of the living organism from the bioplasma
viewpoint has been consistently developed in Polish research since 1967, thus
since the proposal and definition of the term bioplasma [24]. This was a
consequence of the development of the fundamentals of bioelectronics and work
on the semiconductor model of the biological system [25]. The concept of
bioplasma was derived from bioelectronics, molecular biology and solid state
plasma physics.
A Brief Summary of the Nature of a Physical Plasma

The state of matter defined by the term plasma (Langmuir 1928) has its
own peculiar features differing from other states. An essential property is

2 ; n2evera( " :

the complexity of charges of both signs and of,atoms cestaimed in an electrical
quasi-equilibrium. A description of plasma is made in two dimensions.
On a ynicroscale
Mieroscopieadly it deals with the reciprocal reactions of electrical components.

eve S
Plasma continually }evéis out its general level of ionization and returns to

the basic state through processes of recombination, a cyclotron effect and
photons obstructed by high-speed electrons. These three processes join in the
emission of radiation in the visual spectrum.

The macroscopic description embraces the behavior of the plasm as a

whole. Here it is treated as a conductive fluid, for which the laws of hydro-
dynamics and electrodynamics are important. Among the phenomena of this
category should be mentioned magnetohydrodynamic waves with the existence of
magnetic fields. On the micro_scale and on the macro\ﬁcale plasma is the
generator of electromagnetic waves, in the visual spectrum in the first case
and with a free oscillation in the second. For every discontinuity of the
type of local electrical, magnetic, chemical, temperature, gravitational,

acoustic, kinetic or density changes in the components, the plasma reacts by
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an aberration in its electrical nature, expressed in a e&&%&gle-radiational
variation.

A characteristic feature of this state of matter is its instability,
the constant bonding of energy and its losses in degradational processes.

For its "life" plasma requires a continuous supply of energy for the purpose
of guaranteeing an adequate number of negative and positive particles in
equilibrium. Therefore plasma requires continuous "heating', or a supply
of energy (stabilization process) for the purpose of covering its losses,
mainly of the electromagnetic type, in degradational processes. The equilib-
rium between these two opposing processes determines the "life'" of plasma.
pesi= 67
Its characteristics areAbased k&mﬁas plasma, but nonetheless
the term plasma is used in solid state physics, as with semiconductors or
electrolytes. It is sufficient for the condition of electrical duality of the
particles in equilibrium to be fulfilled. Initially only p-n bonds were called
microplasma in semiconducters [22], but at present the idea of solid body
plasma is applied to the entire semiconducter mass.

Plasma is a state of matter with exceptional dynamics due to the
collection of energy in it. The energy balance is in an unstable equilibrium,
and the plasma state is produced continuously through a supply of energy and
degrades as a result of energy losses, mainly of the radiational type. Plasma
forms continually and decays constantly. Every change in its environment,
electrical, magnetic, thermal, chemical, acoustic or gravitational, deter-
mines a change in its electrical harmonization. Therefore, it is not only a
condenser, but at the same time a transformer,of all energy as a result of
electrical activity. Plasma dynamics, so to say, is realized on two levels,
the quantum level as a result of the mutual interaction of charged particles)

f?z level ;s .
an ]macroscopiCAOr plasma dynamics as a whole. Thus electrodynamic laws are !
‘
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united with hydrodynamic laws to form the energetic independence of the
plasma state.

Plasma is piezo-electric, meaning that it is subject to plastic ;
deformation in a variable electrical field, thus producing an acoustic
wave. It is pyroelectrical because its polarization is changed by the
activity of pressure forces of a hydrostatic or temperature type. It is

diamagnetic, but can connect lines of a magnetic field and produce magneto-

hydrodynamic oscillations. Finally, it is electrically nggtral, but the
individuality of the charged components behaves electrically. Just as do
semiconductors in regard to impurities, it reacts to chemical additives by
changing its electrical state. It possesses laser properties, and can cause

forced radiation. From the point of view of dynamic reactions it is universal.

Its "life" is spent at a high energy level, because it is the excited state
of material, so that a minimal energy deviation in the environment is recorded
by a change in its properties, and likewise in its radiation.
Electrical Properties of the Basic Biological Mass.

The first hint of a semiconductor in protein [34] was experimentally
verified in a series of tests [23]. It was demonstrated for nuclear gasses
[}lO], lipids, and particularly carotenoids [5] and porphyrins [14]. It was
also established that minimal traces of humidity basically change the conduc-
tivity of protein. In addition electrical properties of the piezo-electric
type were discovered in amino acids [40], protein, DNA and RNA [9Tf?ﬁ many
sugars. Vegetable and animal tissues were tested. It was found that they are
all piefo-electric. This is also a feature of many polymers [13]. The same
should be stated about the ferroelectrical properties of biologically important
organic compounds, as well as of tissues [‘]. The pyroelectric features of
collagen, nerve tissue, cartilage and connective tissue generally have been

recently established (2].
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The electronic material in the living organism is composed of molecular
semiconductors, for which the band theory of semiconduction is not completely
applicable. According to Szent-Gyorgyi [36] electron mobility is achieved in
three ways. It is possible to distinguish: a) dislocation of electrons of
aromatic and heterocyclic compounds, including pi electrons [15], b) transfer
electrons between molecular donors and acceptors [8], and c) electrons in
compounds with conjugated saturated and unsaturated bonds.

In addition hydrogen bridges, characteristic of peptide and nucleic
acid bonds, are the place of electron transport. Therefore an organic semi-
conductor has special conditions for charge mobility. Instead of the
positive "holes'" of inorganic semiconductors, we fi:éﬁ;?gfins of crystalline

structures efwzter, an inseparable component of protein semiconductors in the

biological organism. Mobile protons are found more and more often in
mitochondria [l91}during electronic processes of photosynthesis in chloroplasts
and
An the work of the enzymatic system [41].

Hydrogen bridges are also treated as proton states, using the name
&;S'/oca-c'ed dz‘s/ccamvu—_n :
detoeatized protons. We also meet proton deleealizatien in aqueous compounds
and in ice. Proton mobility in the latter case is somewhat sgsiiex than
electron mobility in metals [43].

A semiconductor achieves movement of charges of both signs, knocking

e 9

out electrons under,effect of photons (the photoelectric phenomenon), and
emitting the electroluminescent photons under the activity of an electrical
field, changes its electrical nature with minimal chemical contamination in
concentrations on the order of 1:109 atoms, and provides all kinds of
information by the change§in its electrical features. All of these "virtues"

of a protein semiconductor determine the electrical properties of a biological

system.




The functional "heart'" of electronic equipment in technology is the
p-n bonds forming boundaries between two characteristics of donor and acceptor
type semiconductors. The role of p-n bond is ascribed to hydrogen bridges,

}éﬁesuitable pairs of pyrimidine and

as well as to the donor-acceptor systems
purine bases [21]. Bonds of this type can form an amphoteric protein molecule
with a NH3 group and a COOH acceptor.

A basic feature of electronic equipment is &he varied functioning
based on minimum structural complexities, leading precisely to the p~n bond
with the use of the basic semiconductor properties. In addition the variety
of tasks is achieved here with the least demand for matter, whence miniaturiza-
tion of equipment. Precision and an unusually low energy supply with exceptional
performance complete the characteristics of electronic equipment.

The analogies between technical electronic equipment and the biological
system constructed of organic semiconductors provided the basis for proposing
an electronic model of a living organism [25]. Work on the model has proved
to be outstanding, because it has managed to solve many problems with great
probability, or at least to perceive them, andﬁﬁggeziiyéZ; develoﬁééioelec—
tronics itself.

An Outline of Bioelectronics

Szent-Gyorgyi introduced the term bioelectronics [26], applying the
fundamentals of quantum mechanics to organic compounds with semiconductor
properties. He solved some problems or proposed their interpretation, and
primarily created the gﬁéééfes for submolecular biology [35]. Independently
of him, A, and B, Pullman, developing quantum biochemistry, provided new data
in the semiconductivity of biologically important organic compounds which,

along with experimental findings about semiconductivity, provide the basis

for modern bioelectronics.




A turning point was the proposal for a semiconductor model of the
biological system, with considerably wide-spread results from the basis of
experimental model fundamentals. A significant step, as well as something new,
was the comparison of the semiconductor biological system with technical elec-
tronic equipment and eﬂZ?i theoretical elaborations. Analogous results and
new research prospects were then obvious, the electromagnetic theory of life
[26], the electrostatics of a living system [24, 257, biological laser
processes [29], and bioplasma and its parallel]?z&th metabolism [27, 30].

Initially the term microplasma, applied to the p-n bond, was used in
brief for the entire inorganic semiconductor mass. This was justified by the
band theory of semiconductivity. Further research followed this line ([20].
Solid state plasma is a variation of plasme at low temperature. Electrolytes
are considered according to the same principle in an equilibrium of concentra-
tions dissociative for plasma.

However, analogies between the biological and electronic systems based

on a semiconductor substrate do not present signs of equality between techno-

e

logical equipment and an animate object. The protein semiconductor is not

independent, and requires feeding, just as electronic deviceg? In the living
organism this is achieved by uniting chemical reactions with electronic
processes.

The preeminent dynamics of the biological system, the performance of
various activities with low energy expenditure, independently of often
unfavorable environmental conditions, and maintenance of live activity on the
planet Earth despite them for approximately 4 billion years, all of these make
biological dynamics especially interesting from the point of view of energetic 1
conditioning. W

Without some additional factor it is difficult to explain a series of

reversible chemical reactions which do not end their bidirectional movement

6
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after a few fluctuations and do not end up at the dead point o@?ﬁalance

between reagent concentrations. Mechanical modeling of evolutionary processes

hg%% demonstrated that, without an external power supply, the development of

life would have come to a quick end [12]. Experimental data on the weakening
he

oﬁAbiorhythms of the human organism,isolated from natural electromagnetic

fields in the environmeng tend to the same conclusion [42].

It is impossible to explain why weak disturbances in the geomagnetic |
field provoke signs of schizophrenia [3], since this is conditioned biochemi-
cally according to the latest diagnoses [7]. Why should the weak intensity of
low frequencv electromagnetic waves, so-called atmospherics, interfere with
the catabolism of mucopolysaccharides, cations and water? Finally, why should
microwaves, although they do not cause any thermal changes or ionization,
disrupt the coordinating activity of the vegetative nervous system regulated
biochemically? Nor do we know on what basis changes in an electromagnetic
field interfere with the circadian biochemical rhythm of an organism. 1In
general the passage from biochemistry to electromagnetics and back appears

enigmatic, although indispensable. Are we not faced with a search for a

common factor? Apparently it is bioplasma.
Bioplasma, a New State of Matter

Up to now there has been an increase in facts ascertained without any
f@@i%igéiﬁ connection. A collection of documentation on the semiconductivity
of biologically important organic compounds has increased independently of
the more and more numerous proofs of weak luminescence in organisms. Photo-
biology is developing along with these, and,independently of it)the quantum
biochemistry worked out by the Pullman's and molecular biology. Specialization
never leads to spontaneous integration, because this requires some kind of at

least hypothetical idea and of work undertaken in this direction. Despite the

creative idea of bioelectronics of Szent-Gyorgyi in his outline of submolecular

7
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biology, the science of life has remained significantly retarded in comparison
with the development of solid state physics. However, all of the data resulting
from the development of bioelectronics ha¥¥existed for a shift to bioplasma

as a uniform base for all living phenomena.

In Polish research bioplasma is a result of the development of life ;
sciences. This is most generally defined as the energetics of the biological
system through moderated electron states, both of molecular structures and of
chemical processes. In some way plasma B (the term is from A. Cielecki) is
composed of two fractions.

1. The structural fraction, moséfcorresponding to solid state plasma,
is conditioned by the mobile electrons of molecular envelopes. Izk/o{a%td

electrons of aromatic compounds, including pi electrons, conjugated structures

of saturated and unsaturated bonds of carbon atoms, and electronic passage in

donor-acceptor systems are characterized by mobility. By its very structure
an organic semiconducter forms a possib&ity for electron actuation. Thus the
structures of organic compounds form the semiconducting environment of plasma.

In addition there has been evolution in the formation of supramolecular
structures, chiefly of two layers, defined in electronic technology as
sandwich structures. They form p-n bonds of different electron density.

Miry . ; : .
Hypéchondria, cell membranes, Golgi's complex, the endoplasmatic reticulum,
chloroplasts and ribosomes exhibit sandwich construction. In addtion the
bonds are interpreted in semiconductor physics as microplasma.

Thus both the conditions of electronic architectonics of organic
molecules and their sandwich structures, along with the hydrogen bridges
characteristic of proteins and nucleic acids, form a basis for structural
bioplasma, if it can be expressed this way [30]. The production of these

structures is achieved metabolically. 1In principle the structure is subject




to reconstruction or an exchange of atomic elements by new ones. Thiés s it
differs from a nonbiological semiconductor, as well as from an organic one in

a laboratory situation.

Recently work has been undertaken on the quantitative relations of
charges in subcellular structures. Using a diffraction method, the density
of electrons in‘%%gﬁis protein-lipid layers was calculated as follows:
0?&10.51 electron/A3 for protein, 0.334 electron/A3 for water, and 0.50 elec-
tron/A3 for lipids (6), which amounts to 3.7—5.1-1020 electrons ia protein,
5-1020 in lipids, and 3.34-1020 in water, calculated per cubic millimeter.

2. The second kind of bioplasma, metabolic, is achieved through

biochemical reactions of the organism with indirect enzymatic phases of

catalysis, and the creation of radicals and ions. The energy supply for
plasma-forming processes could be related with oxidation processes in

F 5 gﬁ; . . : . s
mitochondria, synthesis of proteins in ribosomes and photosynthesis in
chloroplasts. The generation of plasma components by chemical means leads

: . oKidatr g

to the introduction of electrons 1n—g%yg§gareductlon processes, the transfer
of electrons during phosphorylation, thé(liberation in catabolism, and the
production of free positive and negative radicals, as well as of ions,

e eTlon
hydrated electrons [16], and hydrated protons, and finally the dwtroduwetien of
protons [19, 17]. 1In plasma-forming processes they play a role analogous to
that of positive holes in an inorganic semiconductor. Indiviudal situations
have been proven experimentallz and these form a large reservoir of facts
which have not been totally treated in the interpretation of life mechanisms.

. . where
Thus metabolic bioplasma exists everywhere in the organism hﬁa£ a
transfer of matter occurs, and thus excludes only horny parts, tooth enamel

and atrophied bark cells on trees. Metabolic plasma is a universal energetic

state of an organism, somehow passing through the structural plasma under




conditions of reciprocal interaction. A particular region of metabolic plasma
is the subcellular structure of intensified transfer of matter, such as
mitochondria, ribosomes, chloroplasts and nerve cells in the brain consuming
the greatest amount of oxygen, and thus distinguished by the greatest amount
of catabolism.

Since plasma is treated in physics as a neutral electéﬁl £iuid,
with the laws of hydrodvnamics and electrodynamics applied to it, we can
speak of it without exaggeration as a '"through-flow" of metabolic plasma in
the midst of structural plasma. Both electrical fluids behave according to
their own individuality, but interact reciprocally on each other. Thus there
are two plasma systems in an organism, one described up to now in molecular
biology and quantum biochemistry (structural bioplasma) and the other
expressed in chemical reactions (metabolic plasma).

Information and Bioplasma

The two plasma subsystems require an efficient information apparatus
for the purpose of coordinating the work of the entire organism. It must be
added that any high-energy system in an unstable equilibrium requires low
intensity signals for control.

The double description of plasma, macroscopic and microscopic, are
characterized as it were by two levels of information and by their natures.
These may only be electromagnetic waves in the visual spectrum or in free
rhythms when plasma is treated as whole. An indispensable property of plasma
is radiation in the visual spectrum (light plasma), and others are electrical
and magnetohydrodynamic waves, both at low frequencies ([28]. Thus bioplasma
is a recipient of all information from the environment and ultimately trans-

forms it into photons.



The quantum emission of photons through a living system is a matter

which has been sufficiently proven already, both in reference to cells and

mitochondria with a characteristic maximum in the long~wave ultraviolet
range of 330-350 mm [4],%Hividing cells [33],-&3@ the weak luminescence of
organisms [18], and é;’working muscles and nerves [38]. Low frequency electro-
magnetic radiation is noted in the work of the brain, the heart muscles, and
actually all organs. The only open problem remaining is the question of
whether this general radiation of organisms is to be attributed to bioplasma
or not. However, the correlations between the two scales of plasma descrip- 5
tion and radiational effects are extremely obvious.

Reconstructing the bioplasma situation would require receiving
reciprocal communication from structural and metabolic plasma about their
parameters, and therefore their density, temperature, ionization state,

recombination processes in progress, chemism, magnetic and electrical

situations, pressure, oxidation, anabolic-catabolic equilibrium, etc. The

informational system is based on photons generated on principles of electro-
luminescence in molecular or subcellular structures of the sandwich type or,
on the other hand, with photons of chemiluminescent origin [31].

It seems that the electromagnetic information from the two bioplasma
subsystems mentioned does not exhaust the possibilities. Up to now the set
of piezo-electric features of organic compounds and of tissues has not been
taken into consideration. In a variable electrical field piezo-electrics
is a quantum generator of acoustic waves. Photon and phonon quantum processes
occur together in the environment of a piezo-electric semiconductor. Thus
phonons form a new informational factor in the biosystem. Again they correlate
with plasma B because, 1ike all plasmas, it is piezo-electric. An acoustic wave
propagating in a piezo-electric medium excites electrical oscillations as a

result of changes in polarization.
1
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In the final analysis all of the information in the piezo-electric
medium of a semiconductor and plasma turns out to be electromagnetic phenomena.
This extremely uniform informational system of the bioorganism is conditioned

by the nature of the organic semiconductor of its basic mass [32], Figure 1.
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Figure 1. Diagram presenting bioplasma as an information base in a living
organism. An exchange of electromagnetic information and quantum acoustic
information takes place between the metabolic and structural bioplasma.
Bioplasma oscillations as a whole are expressed by electrical and magneto~—
hydrodynamic pulsation. Key: 1l~biochemical reactions, 2-informational system,
3-electronic functions, 4-metabolic plasma, 5-phonons, 6-piezo-electric,
7-structural plasma, 8-photons, 9-chemiluminescent processes, 10-biolaser
processes, ll-protein semiconductor, l2-electrical waves, l3-magneto_hydro-
dynamic waves, l$¥-bioplasma.

Bioplasma appears to be the only relay of the completely encoded
information received and transmitted in the course of phylogenesis and
ontogenesis, because only it is invariable in its essence and never permits

any deviations of the genetic mutation type. Plasma seems to occasion two

12




contradictory evolutionary processes, differentiation and integration. Despite
far-reaching possibilities of differentiation in density, chemical composition,
energetics and individual quantum reactions among elementary components, it
always remains the plasma state. On the other hand it operates in an inte-
grated manner through electromagnetic pulsation modulated by wavelength,
amplitude, mode, or polarization.

The Specifics of Bioplasma

It is absolutely necessary to add that bioplasma does not at all mean
cytoplagg? and these two concepts must not be confused. Bioplasma is an
analog of physical plasma, and therefore of the fourth state of concentration
of matter, with the greatest resemblance to solid state plasma, and therefore
does not require a vacuum as an environment (gas plasma), but molecular
fields of organic molecules.

Bioplasma is not composed only of mobile electrical elements of organic
structures and protons from hydrogen bridges and quasi-crystalline aqueous
networks, but is also composed of metabolic transfer products, thus radicals,
ions and electrons from oxidation reduction processes.

Particular attention should be devoted to hydrated electrons, which
escape as very elementary negative ions and often appear in the environment
of organic reactions, particularly in the water component [11], and to
hydrated protons, witich can effectively escape again as extremely simple
positive ions, which cannot help being of great importance for plasma-forming
properties in connection with the special role of water in the living
organism [39] and its proton semiconductor nature. Bioplasma is continuously
supplied with new component elements as a result of chemical reactions. This

constitutes its unique peculiarity in nature.

13




In laboratory situations proteins are not independent semiconductors.
The movement of the charges requires an energy supply, although in the
biological situation they may have considerably more conductivity as a
result of water content.

The self-sufficiency of bioplasma is a combination of chemical
processes with electronic processes in the area of the organic compounds forming
the semiconductor mass of the system. 1In this interpretation, as a result of
the death of an organism, there no longer is any bioplasma, although the
molecular structures of semiconducting proteins and nucleic acids exist, and
chemical reactions do not die in the first phase, although the combination of |
chemical processes with the electronic functions of the system is frustrated.

The origin of bioplasma in two sources, as it were, electron molecular
structures and chemical processes, constitutes its most essential traig
distinguishing it from solid state plasma, as well as from plasma-forming
transitional states in chemical reactions in vitro.

A second specific feature is the combination of stabilization and
degradation processes of the plasma as a general feature of this state of
matter with catabolims and anabolism. The rhyéﬁ of anabolic-catabolic
fluctuations is not only a result of the unstable equilibrium of the plasma
state, but is also associated with the reconvertibility of the standardized
chemical processes and of the measured electronic processes of the system.

In addition the supply of energy in the plasma stabilization processes is not
obtained exclusively from energetic reserves in the environment, but
necessarily requires energy released catabolically, and therefore autogenic

energy. External energy must, as it were, pass through a stage of chemical

bonding and secondary release with indirect processes of the movement of
electrons and free radicals, and this is a multistage enzymatic catabolic

process.
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Considering the lack of counterparts in nature, we may speak of
bioplasma as the fifth state of matter. Biological plasma is responsible
for the dynamics of a living system, because it unites in itself combined
electronic and metabolic processes and the quantum emission of photons and
phonons. The energetics of the system is unusually simple in its assumptions,
complicated in its concrete functioning, and is a property only of an animate
system. B plasma is not exclusively a solid state plasma, is not suited to
biochemical reactions alone, and does not represent the only electronic
process in a semiconducting protein medium. Here the biocelectronic and
biochemical descriptions are complementar% in complementing bioelectronics
through épmically associated energy and in complementing metabolism by

rhrovsh

quantum photon and phonon processes, as well agﬂadditional sources of energy
in the biosystem not previously considered.

Bioplasma transcends the metastable state, which Szent-Gyorgyi postulated

for the biological system, although in a somewhat different concept. Plasma B

is a "global metastable state', and represents the moderated play of energetics

of the living organism on the level of general excitation. The descent of
bioenergetics to the basic level is equivalent to death for the organism and,
looked at from the viewpoint of bioplasma, is a successive extinction of
metastable states up to the point of no return for renewed excitation. In
plasma physics this is called degradation of the plasma state.

At the same time the metastable bioplasma level determines the low
energy of activation, since everything is conducted in a highly energetic
medium. But on the other hand, the evolution of electronic and chemical
processes on the level of total excitation requires only slight energy for
controlling everything, and at the same time makes the structure exceedingly

sensitive to even minimal energetic deviations in the medium. This explains

LS




the reaction of the entire metabolism to small intensities in electromagnetic :
fields when thermal fronts change in the atmosphere. :
The metastability of electronic processes is understandable from the
quantum standpoint, but it is more difficult to understand the '"metastability"
of chemical reactions. This does not refer to a single reaction, but to the
anabolic-catabolic equilibrium, over which the entire enzymatic system
"watches", no less metastable in the antagonistic activity of activators and
inhibitors. The general situation of metabolism as a whole is metastable,

and therefore the least deviation from the necessary~tolerance for the

) : . Pereepeible : :
functioning of the entire unit is 4 A . Plasma B is a total biomass

state which can be defined as a macroerg state.

Theoretically it is possible to speak of a stable electron-chemical
state of an organism, and this is undoubtedly how it should be presented.

] It represents the specifics of bioplasma. The plasma state of a living
organism unites in itself specified elements, coordinates them and even makes
their existence possible.

Bioplasma is ceasing to be a concepgiand reproducing the complex
energetics of an organism is becoming reality. Analogs of this system do not
exist in nature, and every treatment of Plasma B as only a new solid body
plasma modification is a misunderstanding of its biological nature.

The dynamics of life is an ability to control mobile semiconducting

an
electrons in the protein structures, anqﬂability to involve photons in the
complex activity of electronic processes with chemical ones and, in this way,
to maintain the reversibility of chemical reactions in the rhythm and range
necessary for the performance of the entire system. In short in a living
organism the dynamics represents an ability to use structural electrons and

chemical transformations to maintain a biological state defined by the term

16




life, with the use of energy from autogenic photons and phonons. The dynamics
of life is bioelectronic and biochemical processes maintained at a high energy
level. All of this prevides one concept of bioplasma.
r;ur‘“)u'nfj :
It must be thought that the/,‘point eE—me—return in the newest biology
will be the proposal of a basic equation which, in formalized shape) would
require: M + Be = Bp (M-metabolism, Be-bioelectronics, Bp-bioplasma). In

essence this is no more than an expansion of the concept of metabolism with

o
necessary emphasis @€ the electronic features of the living system.
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