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Abstract

Biophoton emission is produced by all living systems; this emission pattern
has been shown to be altered by the presence of an electromagnetic field
(EME). Cultures of B16-BL6 cells were exposed to a weak EMF produced by a
specially constructed EM generator, called the “Resonator”, for one hour.
This EM generator incorporates multiple geometric ratios in its design, in-
cluding the golden ratio (phi), pi, root 2, root 3, and root 5. It has been used
previously to purify water of toxins. There was a significant decrease in mean
photon counts from B16-BL6 cells exposed at a distance of 1 m compared to
those exposed at 0 m. Alterations in the spectral power density variability
were also observed in the 8 - 10 Hz range. The EM generator may have an
impact on the viability of the exposed cell cultures, but only at specific dis-
tances.

Keywords

Electromagnetic Fields, B16-BL6 Cells, Spectral Power Density,
Biophoton Emission

1. Introduction

All living biological systems emit low levels of electromagnetic radiation, re-
ferred to as biophoton emission. It has been proposed that metabolic activity is
the primary source of biophoton emission, specifically the oxidation of free rad-
icals. This is supported by experimental evidence including the addition of hy-

drogen peroxides to tissue, or a reduction of tissue antioxidants [1]. This pro-
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posed mechanism is the same for both types of biophoton emission: spontane-
ous and induced. Spontaneous biophoton emission is produced by the natural
metabolic activity of the organism. Induced biophoton emission is observed after
an organism has been exposed to one or more of several factors, which can be
natural or artificial. These factors include bacterial or viral infection, stress, ex-
ternal temperature, and ionizing radiation, to name a few [2]. Electromagnetic
fields (EMFs) have also been previously demonstrated to induce biophoton
emission in combination with specific wavelengths of light [3].

The examination of the effect of exposure to an EMF alone on biophoton
emission has not been done. In an experiment by Karbowski and colleagues,
three complex, time-varying EMF patterns were used [3]. The central effect ob-
served was the increase in mean photon counts when B16-BL6 cells were ex-
posed to a combination of both an EMF and 450 nm light. In this experiment,
the aim was to focus on the characteristics of a single EMF. Additionally, pre-
vious experiments by Persinger and colleagues [4] have demonstrated an inverse
relationship between photon flux densities and nanotesla magnetic fields over
cell aggregates. This experiment illustrated a conservation of energy effect be-
tween the measured geomagnetic field and the added—or subtracted—changes
in photon emission intensity from nearby cells.

The EMF used in this experiment, was generated by a novel device invented
by Dr. K. Shallcross. This EM generator, referred to as the “Resonator”, uses a
series of metallic roller magnets arranged at specific angles to create a pattern
derived from a sacred geometry. Sacred geometry refers to numerical values de-
rived from simple geometric relations, such as m, V2, V5, and [5]. When the de-
vice is on, the roller assemblies rotate, which generates a weak EMF, in the range
of 1 uT to 10 uT. When the device is off, no EMF is generated.

Previous experiments with the “Resonator” have shown differential effects on
the growth rate of bacterial cultures [6]. Three of the examined bacteria species
were shown to have an increased growth rate after exposure, while one species
had a decreased growth rate. This suggests that the complexity of the “Resona-
tor” field is such that it can have opposite effects on different species. This is
most likely mediated via different effects on cellular metabolic pathways.

In addition, exposure of the “Resonator” EMF to B16-BL6 cells for three hours
has been shown to significantly decrease cell viability [7]. Takeda and colleagues
have demonstrated that biophoton emission in cancerous cells was related to the
population size [8]. Thus, if exposure to the “Resonator” EMF is correlated with
decreased cell viability, and biophoton emission is correlated with cell popula-
tion, there should be an observable decrease in the biophoton emission of ex-

posed cell cultures.

2. Methods

B16-BL6 cell cultures were grown in DMEM supplemented with 10% fetal bo-

vine serum and 1% antibiotics on 10 mm Petri dishes and allowed to reach con-
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fluence in a water-jacket copper-lined incubator at 37°C (95% air, 5% CO,). Cell
cultures were grown on Petri dishes in groups of 16. Once confluent, the plates
were removed from the incubator and placed into one of four conditions: Field 1
m, Field 0 m, Sham 1 m, Sham 0 m. Each condition contained four cell plates.
These conditions refer to the state of the “Resonator”, either with an active
magnetic field in the Field conditions, or with the device turned on but with no
movement of the coils; these were the Sham conditions. The cell plates were
placed on a table at either Im or 0 m from the “Resonator”. Vertically, the cell
plates were separated from the “Resonator” by a distance of approximately 10 -
15 cm. The distance of vertical separation was constant between the 1m and Om
conditions. The plates were arranged side by side, such that they formed an ap-
proximate square on the surface of the table. This table did not make physical
contact with the “Resonator” to remove any vibrational effects from the spinning
of the “Resonator” coils. The “Resonator” was then turned on for the Field con-
ditions. Cell plates were left on the table for no less than one hour.

Once the exposure was complete, the biophoton output of the cell plates was
immediately measured. This measurement was performed in the experimental
chamber, a specially constructed space measuring 1.32 m long, 1.27 m wide, and
1.70 m in height. Before the experimental chamber was opened, a baseline mea-
surement was taken. The cell plate was placed on a small polystyrene box, which
is located on a chair in the centre of the experimental chamber. The sample was
measured with four PMTs, which were located on three walls and the ceiling of
the experimental chamber. Each PMT was separated from the sample by a dis-
tance of 15 cm. A one-minute delay between the closure of the experimental
chamber and the start of the measurement ensured minimal light contamination
of the cell plate measurement. Each cell plate was measured for two minutes. In-
cluding the one-minute delay, each plate was in the experimental chamber for
three minutes. After each plate had been measured, a post baseline measurement
was performed. This procedure was identical to the cell plate measurement, in-
cluding the one-minute delay. Field and sham measurements for plates exposed
at any given distance were recorded on the same day to minimize daily varia-
tions.

Data from the measurement sessions was exported into IBM SPSS for statis-

tical and spectral analyses.

3. Results

All of the analyses below were performed with the data from the PMT located at
the Head position. Only the second minute of the measurement was used for
analyses. A total of 14 cases from two different days were removed due to outlier
effects. This gave a total Nof 41.

First, a comparison was made between the baseline condition and all cell con-
ditions. A Student’s ¢ test for independent samples revealed a significant differ-
ence between the baseline and the cell conditions (¢ = —6.260, p < 0.001, 7> =
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0.445). The cell condition had significantly higher mean photon counts than the
baseline condition. This is shown in Figure 1.

To expand on the B16-BL6 conditions, a pair of Student’s  tests for indepen-
dent samples were used to compare mean photon counts between field condition
and distance. This is shown in Figure 2. There was no significant difference in
mean photon counts between the Sham Om condition and the Sham 1 m condi-
tion (fu4) = 0.163, p = 0.873). The mean photon counts of the Field 1 m condi-
tion were significantly lower than the Field 0 m condition (#s = 2.120, p =
0.048, 77 = 0.200).

A series of one-way ANOV As were performed to compare the spectral power
density variability by condition membership. The spectral power density varia-
bility is the standard deviation of the spectral power density, per case. For this

procedure, the spectral power density variability was averaged into multiple

Figure 1. Comparison of the mean photon counts between the baseline condi-
tion and all B16-BL6 conditions. The B16-BL6 condition was significantly
higher than the baseline condition. Error bars represent standard error of the
mean; 11 = 5 for baseline, n = 36 for B16-BL6.

Figure 2. Comparison of the mean photon counts between Sham and Field
conditions at 0 m and 1 m. There was no significant difference between the
Sham 0 m and Sham 1 m conditions; the Field 1 m condition was significantly
lower than the Field 0 m condition. Error bars represent standard error of the
mean; the n for each condition was 8, 8, 12, and 8, respectively.
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frequency bins, each with a width of 1 - 4 Hz. The only bin that produced a sig-
nificant main effect was the low alpha (8 - 10 Hz) frequency bin (Fs3) = 4.047, p
= 0.015, 77 = 0.255). Post-hoc tests revealed the effect was being driven by the
difference between the Sham 1m and Field 1 m conditions (p < 0.05). This is

shown in Figure 3.

4. Discussion

The mean photon counts from B16-BL6 cell cultures were significantly higher
than the baseline, regardless of experimental conditions. It is evident that the
presence of a biological system increases the mean photon count as measured by
the PMT. This is consistent with previous findings.

A comparison of mean photon counts between the experimental conditions
revealed novel results. The sham conditions were not significantly different from
one another, which would be expected. The proximity to the static EMF pro-
duced by the “Resonator”, while inactive, did not seem to impact the mean pho-
ton counts.

The field conditions exhibit distance effects. The Field 1 m condition had sig-
nificantly lower mean photon counts compared to the Field 0 m condition.
There are three possible interpretations: one, the induced EMF from the “Reso-
nator” at 0 m led to increased mean photon counts in the Field 0 m condition;
two, the induced EMF from the “Resonator” at 1 m led to decreased mean pho-
ton counts in the Field 1 m condition; three, a combination of effects one and
two. Another factor to be considered is the impact of vibrational effects. Vibra-
tional effects have been implicated in a possible mechanism of “Resonator”-cell

interaction [7]. Thus, vibrational effects may interpose themselves with the EMF

Figure 3. Comparison of the spectral power density variability in the low alpha
frequency bin. There was a significant difference between the four conditions;
post-hoc tests revealed the significance was being driven by the Sham 1 m and
Field 1 m conditions. The Field 1 m condition spectral power density variabil-
ity was significantly higher than the Sham 1 m condition. Both Sham and Field
0 m conditions were not significantly different from any other conditions. Er-
ror bars represent standard error of the mean; the n for each condition was 8,
8, 12, and 8, respectively.
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effects while the “Resonator” is active; however, the plates were not placed in di-
rect contact with the “Resonator” to minimize the effects of vibration.

The spectral power density of the four conditions was compared with a series
of one-way ANOVAs; no significant differences were found. The variability of
the spectral power density was also compared in a similar fashion; a significant
effect was found in the low alpha frequency bin. This frequency bin was an av-
erage of the spectral power density variability scores in the 8 - 10 Hz frequency
range. Post-hoc Tukey HSD revealed that the effect was driven by the Sham 1 m
and Field 1 m conditions. The spectral power density variability was significantly
higher in the Field 1 m condition compared to the Sham 1 m condition.

The implications of these two effects, mean photon counts and spectral power
density variability, are centred on the Field 1 m condition. This condition had
significantly lower mean photon counts than the Field 0 m condition, and sig-
nificantly higher spectral power density variability than the Sham 1 m condition.
This implies fewer photons are being released and the rhythmicity of photon
emission in the 8 - 10 Hz range is less consistent. If the B16-BL6 cells’ metabolic
activity is altered by the generated EMF, this may explain why the counts were
lowered in the Field 1 m condition. The EMF that is generated is an extremely
low-frequency field which does not change as a function of position (relative to
the “Resonator”), although the intensity decreases with distance. This is a signif-
icant quality, since the signal pattern and frequency remain consistent over dis-
tance, the only EMF factor that would change between the Field 0 m and Field 1
m conditions is the intensity of the field.

It is important to mention that the spectral power density variability of the
Sham conditions was not significantly different from the spectral power density
variability of the Field conditions. This may be a function of low sample size.
High variability is also a common issue when biophoton emission is involved.
This is often why spectral analyses are performed. The cell cultures were re-
moved from the incubator for exposure and for measurement. Ideally, both of
these processes should be carried out in a temperature-controlled environment.

This experiment was meant to act as a brief observation of the biophoton
emission patterns produced by the B16-BL6 cell cultures. As such, no cellular
observations were made. Future experiments should include cell counts and via-
bility. Comparisons could then be made directly between cellular variables and

measured photon activity.
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Abstract

A short note based on the homogeneous 5D space-time topological mappings
is extended to cover DNAs of viruses and how the body’s immune system can
be enhanced to recognize and remove it.

Keywords
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Recently for the first time a detailed picture of the solar surface was observed via
frequency patent analysis. It was found that its intensity patent resembles that of
the Sunflower (see Figure 1).

While it is not expected, it actually represents the geometric patent of the re-
sult from Perelman Quantum entropy mapping that gives us the Poincare
sphere, via the breaking of the Maxwell monopole potential fields. We refer our
readers to the published articles [1] [2] [3] [4]. The results can be summarized
from the breaking of the 5D quantum homogeneous space-time manifold vector
field potentials as given by the direct product of the 4 Maxwell E-M potentials
with the Maxwell monopole potentials into the non-homogeneous {SU(2) +
SU(3)}xL obtained via the dimension reduction projections Po and P1 as dis-
cussed in [3] [4]. It is through such projections and the conserving of gauge in-
variance as required by the coupling between the vector and e-trino [1] spinor
solutions that matter as represented by hadrons and leptons are produced. And
through the requirement of maintaining charge neutrality as given by the 5D
homogeneous space-time, elements and complex molecules are formed in place

of a homogeneous matter distribution. In fact the lowest two Poincare quantum
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Figure 1. Solar surface (image source:
https://www.nationalgeographic.com/science/2020/02/sun-still-burning-

mystery-may-be-about-to-change-solar-orbiter-launch/.

spheres formed through Perelman mappings [2] and through the application of
Gell-Mann standard model [5] are that of the Carbon 12 nucleus as geometri-
cally represented by the hard sphere dense packing [6], while the next level is
that given by the Bucky Ball surface of protons and neutrons. It is then easy to
see that the fundamental patents on the Poincare spherical surface are simply
that of the hexagon and the pentagon (see Figure 2 and Figure 3).

The basic matter creation then splits the energy domain of the monopole
fields, resulting in leaving the energy portion that is less than the rest mass of the
electron still could be preserving the homogeneous 5D symmetry. It is only
through the further spherical space geometrical symmetry breaking into 2D x
1D, and the maintenance of gauge invariance that we are led to the formation of
the four basic nitrogenous bases [7], essential to the creation of DNAs obtained
from the random stacking of the bases and thereby creates the life forms. In or-
der to achieve that 2D space symmetry for the nitrogenous bases, we establish
the normal by adding two neutrons on opposite equilateral triangles in C12
shell, creating C14; thus all live forms contain C14. While for the Buckyball shell,
neutrons can be added to centers of the pentagons, making a sphere with spikes.
In the bio micro-scale, these spikes contain the RN As. The identification of each
life form is then given by the frequency spectra, which in turn is completely de-
termined by the quantum phase matching tunneling of the Diagon-
al-Long-Range-Order, DLRO, monopole fields strength, formed from two op-
posite charge and momenta massless spinous, that is the etrino and an-
ti-etrino, with a total angular momentum 1, similar to the photon and there-
fore depends explicitly on the length of each section of random stacking of the
nitrogenous bases and the matching quantum tunneling phases in its DNAs.
The life form’s genome number is thus given by 2 x 7! x 3 = 30240, where the
factor 3 comes from the photon angular momentum, and the factor 7 is because
the end caps must be only given by the end nitrogenous base Thymine, with only

a single transmission face. It is via the DLRO boson state that induces the
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Figure 2. C12 hard sphere dense packing model
(Wong et al 2014, ref. [1]).

Figure 3. The 20 hexagons are in white, while
the 12 isolated pentagons are in black.

Off-Diagonal-Long-Range-Order, ODLRO in the chemical valence band states
provided by the electronic p waves in the carbon of the bio-matter that then
leads to the natural growth of biological cells, body tissues, organs and structure
[8] [9]. Thus each life possesses a unique set of cell structures identified by its
DNAs spectrum. Any non-compliance should be detected by the body’s natural
immune systems and eliminated from self reproduction. But due to the infinite
choices in the varying spectra possible, certain closed foreign DNAs are fre-
quently missed by the immune system detection. It is this problem that leads to
the invasion of foreign DNAs that can be separated into non-cell structure vi-
ruses, such as the common flus, SAR and the recent coronavirus, etc. provided
the effective body’s thermal temperature T < Tc of the virus critical temperature
for growth, thus allowing it to multiply within the body leading usually to de-
struction of the lung cells and the prevention of the body’s respiratory natural
oxidation process in the removal of the dead cells within the body. Meaning
these viruses always disrupt the body’s respiratory function, because from PV/T
constrain as PV decrease, where P and V are air pressure and volume of the lung
respectively, so will T, enhancing the virus reproduction. Thus the coronavirus
might behave like the common flu and is perhaps seasonal. While other foreign
DNAs left within the body coupled to the cell and tissue growth would result in
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cancerous growth of the body. Because of these, there are numerous potential
harms that can cause the death of life without making the immune system re-
cognizing and remove these foreign DNAs. Understanding the fundamental
physics could guide us to develop proper cure and preventions. Take as an ex-
ample, small pox vaccine was derived from dead tissues formed from small pox.
The current coronavirus, is supposed to be originated from the bat bitting of the
snake that created this virus and passes it onward to human. Normally in the
wild, that could be a frequent occurrence. But the bitten snake dies and the virus
with it disappeared. Yet in a market, both snakes and other animals are placed in
contact, hence leading to the virus being spread and multiplied. If true, it means
the COVID-19 can start anywhere, even without human transmission. This co-
ronavirus is unique in that it composes the DNA spectra from the warm blooded
bat to that of the cold blooded snake. Cold blooded animal is similar to plants, as
such part of its DNA spectra must contain that is the visible portion of spectrum
as provided by the solar photo spectrum. Meaning this coronavirus DNA is un-
like the SAR and EBOLA, which have DNA spectra covering only those of warm
blooded mammals, must contain such optical photon frequency portion also.
Hence photo UV irradiation will not kill the coronavirus. The human body’s
immune system would be activated if it recognizes it as being foreign. Since hu-
man is warm-blooded, it is more likely for its immune system to detect this virus
and respond to eliminate it, unless that human body immune system is weak.
Perhaps this explains why the coronavirus so far indicated is far less deadly than
SAR or EBOLA, and it does not seem to be deadly for the young as their im-
mune system and lung are still developing? To see how we can normally streng-
then our immune system to beat back the Coronavirus, we can fall back on what
we know. If we consume raw honey which is sugar obtained by the bees pollina-
tion of different flowers, it could stimulate the body’s immune system to recog-
nize those plant’s DNA that possesses spectrum in the visible and UV range,
which might even cover that of the coronavirus? In fact by analyzing a virus
DNA spectrum we can create medications by matching certain known immune
enhancement medication or food that will induce the human body immune sys-

tem to recognize and remove it.
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Abstract

At present, there are relevant scientific materials on the cellular and molecular
mechanisms of electrogenic Na/K pump function and structure, as well as on
the potential- and ligand-activated ionic channels in the membrane. However,
the role of electrogenic Na/K pump in regulation of semipermeable properties
of cell membrane has not been elucidated yet, which is due to the fact that our
knowledge about the biophysical properties of cell membrane is based on the
conductive membrane theory of Hodgkin-Huxley-Katz, which is developed on
internally perfused squid axon and lacks intracellular metabolism. Thus, the
accumulated abundance of data on the role of G-proteins-dependent intracel-
lular signaling system in regulation of Na/K pump activity and biophysical
properties of cell membrane presumes fundamental revision of some state-
ments of membrane theory. The aim of the present review is to briefly dem-
onstrate our and literature data on cell hydration-induced auto-regulation of
Na/K pump as well as on its role in metabolic control of semipermeable
properties and excitability of neuronal membrane, which are omitted in the
study of internally perfused squid axon.

Keywords

Na/K Pump, Hydration, Ionic Channel, Membrane, Na/Ca Exchange,
Cyclic Nucleotides

1. Introduction

According to the classical membrane theory, which is developed by Nobel lau-
reates Hodgkin, Huxley and Katz and concerns the ionic mechanisms involved

in excitation and inhibition of cell membrane, the signal transmission in cells is
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realized by potential- and agonist-activated ionic channels in membrane, while
the Na/K pump, functioning in electro-neutral regime, has a housekeeping role
in controlling the intracellular ionic homeostasis [1] [2]. The main failure of this
theory is that it does not evaluate the role of intracellular metabolism in regula-
tion of membrane excitability, namely it is unable to explain what mechanism
controls low Na* and high K* permeability of cell membrane in resting state of
neurons. This omission is due to the fact that the theory was initially developed
on the basis of experimental data obtained by the study of internally perfused
squid axon [1].

In 1957 Jens Christian Skou disclosed Na/K-ATPase as an enzyme and a
working molecule of Na/K pump and characterized its biochemical and phar-
macological properties [3]. Thus, the Na/K pump became a subject of various
biochemical and biophysical studies resulting in a discovery that it functions in
stoichiometry of 3Na:2K, which identifies the electrogenic character of pump.
The historical aspects of this discovery are presented in the excellent review by
Rogers Thomas [4], who was the first to elucidate the electrogenic character of
Na/K pump in neurons by measuring and characterizing the membrane current
generated by Na/K pump by means of combination of “voltage-clamp” and
“intracellular selective microelectrode” methods in Prof. Gerald Kerkut’s labor-
atory [5] [6].

Although, at present the electrogenic character of Na/K pump can be consi-
dered as a proven fact, its multifunctional physiological role in regulation of bi-
ophysical properties of cell membrane, namely in controlling semipermeable
properties of cell membrane, needs further evaluation. The problem of the func-
tional role of Na/K pump in metabolic regulation of cell membrane function has
served as one of the main research subjects of my group for more than 50 years.
Thus, we have been able to solve some problems regarding the role of Na/K
pump in metabolic regulation of semipermeable properties, excitability and

chemosensitivity of neuronal membrane, which are briefly presented below.

2. The Na/K Pump Controls Membrane Potential in Neurons

The low and high permeability of cell membrane for Na® and K", respective-
ly, are the main statements for membrane theory developed by Hodg-
kin-Huxley-Katz and are based on Goldman’s constant field theory suggesting
that the membrane potential (MP) is a sum of electrochemical potentials for K
(Ey), Na (Ey,) and Cl (E(,) ions. This is known as Goldman-Hodgkin-Katz equa-
tion:

RT, [ B[K'], +Ra[Na" | +Ry[CI ]

F AT e o]

i

V., is the MP, R is the universal gas constant, 7'is the temperature, Fis the Fa-
raday’s constant, By, B, and P are the membrane permeability for these ions.
The symbols [ ]; and [ ], refer to the thermodynamic activities of the ions de-

pending on their being inside or outside of the cell, respectively.
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However, the unreliability of this equation is shown by the study of MP de-
pendence on [K], and temperature. The studies on various objects have shown
the absence of a linear dependence between MP and [K], at low ranges up to 15 -
20 mM [4] [5].

The issue on MP deviation from the theoretical size of electrochemical poten-
tial (Ey) (calculated by Nernst formula at low [K],) became a subject of special
considerations and a number of hypotheses on the nature of such a non-linear
dependence between the MP size and [K], were suggested [4]. However, none of
them could give a reliable explanation of this phenomenon as well as evaluate
the nature of the metabolic mechanism controlling potassium-electrode proper-
ties of cell membrane. In 1940 Dean theoretically suggested that the non-linear
dependence of MP on [K], could be an active extrusion of Na* from the cells [4].
This prediction of Dean was experimentally proven by Grundfest’s study of MP
dependence on [K]; in squid axon, demonstrating that the increase of [K]; did
not lead to elevation of MP as was assumed by Nernst’s law. Therefore, he noted
the contribution of Na/K pump in generation of MP in axon [7]. However, as
squid axon has high electrical conductivity, shunting the Na/K pump current
and generating low MP value, the validity of these data has not been adequately
considered in literature. Later, Grundfest’s results were proven by a number of

works performed on muscles [4] and neurons [8] [9].

Figure 1. Membrane potential as a fraction of logarithm of external
potassium ion concentration in “normal” Ringer’s solution (1) and
in presence of 0.2 mM dinitrophenol (2) [8].

Our study regarding the dependence of ionic composition of snail neuron on
[K], has shown that the [K],-induced decrease of [Na];, which takes place with-
out changing [K];, as well as the activation of nerve ganglia respiration (O, up-
take) are mostly expressed in the region of [K], = 0 - 15 mM, which is blocked by
cold (4°C) and Na/K pump inhibitor-strophantin (Figure 1). This clearly indi-
cates that in normal living state cell metabolism controls the level of MP through
electrogenic Na/K pump [10].
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By using the “voltage-clamp” and “concentration-clamp” methods we have
shown that the ImM [K], with “0” effect on E,, generates the poten-
tial-independent pump current in neurons, which proves that the [K] -induced
activation of pump is not due to membrane depolarization but is a result of
[K],-induced activation of Na/K-ATPase (Figure 2) [11].

Figure 2. The MP-dependence of 1 mM [K],-activated Na/K pump currents, which
was measured by “voltage-clamp” and “concentration-clamp” methods [11].

The existence of Na/K pump-dependent component of MP was also demon-
strated by a number of studies on the temperature sensitivity of cells MP. The
incomparably higher temperature sensitivity of Na/K pump-dependent compo-
nent of MP compared with E, predicted from Nernst’s law (1.8 mV/10°C), has
been shown in molluscan neurons having strong modulation effects on endo-
genous (pacemaker) activity [9] [12] [13] [14]. It has been shown that the varia-
tions of metabolic components of MP are responsible for the endogenous gener-

ation of electrical activity and spontaneous inhibition of this activity [13] [15].

3. The Dependence of Cell Volume on Na/K Pump
Electrogenicity

At present, when the electrogenic character of Na/K pump is a well-documented
fact, its central role in cell volume regulation has become more obvious. The
evolution of the studies on the role of Na/K pump in cell volume regulation has
recently been presented in an excellent review by Alan R. Kay and Mordecai
Blaustein [16]. The second author of this work, during 50 years of his research,
has published a number of pioneer discoveries regarding the carrier-driven ion
transporting mechanisms, such as Na/K pump and Na/Ca exchange in mem-
brane and their physiological meaning. However, the feedback mechanisms be-
tween cell volume and Na/K pump activity, as well as the role of Na/K
pump-dependence on cell volume in regulation of biophysical properties of cell
membrane, such as membrane permeability, fluidity, excitability and chemosen-

sitivity remain non-sufficiently evaluated.
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Since the rigidity of animal cell membrane is not so high to be able to stand to
considerable gradients of both hydrostatic and osmotic pressures they behave as
an osmometer: cell swells or shrinks by taking in or giving out water through the
cell membrane. Therefore, for studying the dependence of Na/K pump activity
on cell volume as well as the role of Na/K pump-dependent cell volume in regu-
lation of membrane biophysical properties we have studied cell swelling and
shrinkage in hypotonic and hypertonic saline, respectively. Neurons were chosen
as experimental models because they have weak, expressed and fast cell volume
recovery (CVR) systems to response of osmolality changes in cell bathing solu-
tion like non-excitable cells [17].

The studies on the osmotic properties of isolated giant neurons of Helix and
Aplysia mollusks have shown that the cell volume changes (swelling and shrin-
kage) to osmotic pressure have a discreet character [18] [19]. Such a non-gradual
dependence of cell volume on osmotic gradients on the membrane has been ex-
plained by the existence of invaginations (caveolae) in cell membrane surface,
which open by swelling and close by cell shrinking. The existence of caveolae in
plasma membrane was identified by electron microscopy in 1953 [20], but their
functions became a subject for investigations only at the end of the last century
[21].

We have developed a system using cultured Aplysia neurons and confocal
scanning laser microscopy to directly monitor cell volume when the osmolality
of the perfusion solution is altered and when sodium transport is blocked. Vo-
lume changes of greater than 30% were observed, accompanied by changes in
surface area of greater than 15%. The volume increases secondary to sodium
pump inhibition and hypotonic solutions and the volume decrease secondary to
hypertonic solutions were reversible. These results demonstrate that neuronal
volume may change dramatically and raise the possibility that dynamic changes

in neuronal cell volume may have physiological importance (Figure 3) [19].

Figure 3. The effect of 107> M ouabain containing ASW on medium
neuron of Aplysia. The left neuron was in normal state, the right
one was subjected to ouabain containing ASW for 5 min. Changes
of neuronal volume of 30% or more were regularly observed with
this manipulation and corresponding changes of surface are of at
least 15% [19].
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Although the electrogenic character of Na/K pump predicts its crucial role in
cell volume regulation and it has been reported that such swelling occurs when
Na/K pump is inhibited with cardiac glycosides and K-free solution, the existing
data on this question are, to some extent, conflicting. The ouabain-induced
pump inactivation in 7n vitro experiments isn’t often accompanied by neuron
swelling as it is predicted by pump hypothesis [16].

The detailed investigation of ouabain effect on water and ion contents of
freshly prepared rabbit and rat renal cortical slices [22] [23] and isolated single
neurons of mollusk [24] shows that the ouabain-induced pump inhibition is ac-
companied by cell swelling. The result is explained by the fact that cell mem-
brane in fresh preparation has comparably higher electrical resistance, which
brings to higher Na/K pump electrogenicity, while cells in “non-fresh” prepara-
tions are in their swelling state and pump electrogenicity is shunted, thus the
ouabain-induced cell swelling is absent [23] [24]. It has been shown that the cell
volume dependence on electrogenic Na/K pump activity is depressed by high
membrane permeability for Cl ions, which increases as a result of the impair-
ments of metabolic water efflux from the cell [24].

The normal Ringer used had the following composition: NaCl, 80 mM; KC1, 4
mM:CaCl;, 7 mM; MgCl,, 13 mM; Tris-chloride (pH 7.8), 10 mM; and glucose,
10mM. The potassium-free solution had an excess of 4 mM NaCl above normal.
In order to change the tonicity (T;) without altering the ionic strength, the NaCl
content of the standard solution was reduced to 40 mM ([Na], = 40 mM/) and
sucrose was used to obtain media of different tonicities, from 7, - 0.5 (0 mMsu-
crose) to 7, - 2 (189 mM sucrose). In some experiments 7, was equal to 2.5 (252
mM sucrose). In replacing NaCl by sucrose, 1 mM of NaCl was taken as osmoti-
cally equivalent to 1.57 mM of sucrose [25].

The fact that the electrogenicity of Na/K pump strongly depends on cell
membrane resistance is indicated in the data presented in Figure 4 on the
membrane I-V characteristics and Na/K pump current (Ip) depending on os-
molality of cell bathing PS, where the peak of Ip after the transfer of neurons
from K-free to normal PS is increased with a rise in tonicity, which is accompa-
nied by the increase of membrane resistance.

Thus, the obtained data indicate that there is a negative feedback between
Na/K pump-generated currents and membrane permeability that is realized by
Na/K pump-activated cell shrinkage, which has a crucial role for the quick re-

covery of the factor-induced increase of membrane permeability [18].

4. The Na/K Pump Controls Membrane Semipermeability
and Excitability

One of the essential omissions of membrane theory of Hodgkin-Huxley-Katz on
nerve excitation is the disregard of water fluxes through the membrane, which
are potential-dependent and lead to cell volume changes. Although, from the
thermodynamic point of view, it is predicted that the MP variation leads to re-
spective changes of osmotic gradient on the membrane by generating water
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fluxes through the membrane and cell volume changes. It is worth noting that
one of the main postulates of membrane theory is that “membrane conductance
increases by membrane depolarization”, but the role of water influx through the
membrane in determining membrane depolarization-induced increase of mem-
brane conductance has not been considered [1]. Meanwhile, Tasaki and co-
workers [26], as well as Terakawa [27] have shown that membrane depolariza-
tion and hyperpolarization lead to axon swelling and shrinkage, respectively,
even during generation of single action potential by using the elegant experi-

mental methods for detection of squid axon diameter changes.

Figure 4. The I-V characteristics of membrane and peak of pump-induced current
in normal Ringer's solutions with different tonicities after preliminary incubation of
neurons in potassium-free solution. The cell was clamped at the resting potential
level in normal Ringer’s Motion (46 mV). The curve was drawn by eye [18].

Although at present the role of electrogenic Na/K pump as a powerful me-
chanism in controlling water fluxes through the membrane and the cell volume
can be considered as a well-documented fact, the physiological meaning of such
fundamental properties of Na/K pump has not been adequately considered in li-
terature. Therefore, this question was the subject of our study [28].

It is known that Na/K pump generates water efflux from the cells due to its
function in stoichiometry of 3N:2k and, being the highest APT utilizing machine
in membrane, it stimulates endogenous water molecules during intracellular
oxidative-phosphorylation.

Traditionally, the role of electrogenic Na/K pump in regulation of membrane
excitability is explained by pump-induced membrane hyperpolarization. How-
ever, as can be seen in the studies on the neuronal endogenous activity of Japa-
nese land snail presented in Figure 5, in case of the Na/K pump inactivation by
K-free physiological saline the membrane hyperpolarization is accompanied by
activation of electrical activity of neuron, while at 5mM [K] -induced activation
of pump, the membrane depolarization is accompanied by inhibition of its activ-
ity [28].

The potential-independent and Na/K pump-induced inhibition of neuronal
activity is more pronounced when [K], is replaced by [Rb],. The analogical de-

pression has been obtained by noradrenalin-induced activation of Na/K pump as
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well as by applying hypertonic solution [28].

Figure 5. The effect of O mM K (a), 4 mM K (b), O RbmM (d) and 4 mM Rb
(e) induced hyperpolarization and 4 mM K replacement by 4 mM Rb (c) in
external solution on bursting activity of pacemaker neurons [28].

Thus, the obtained data clearly indicate that the Na/K pump-induced inacti-
vation of membrane excitability is also realized by potential-independent me-
chanism, which can be due to water efflux and membrane surface decrease as a
result of cell shrinkage. For estimation of the role of water fluxes through mem-
brane in regulation of membrane excitability, the effect of hypertonic solu-
tion-induced water efflux on membrane inward sodium (Iy,) and outward po-
tassium (Ig) currents in internally perfused squid axon as well as in intracellular
perfused and intact neurons has been studied [29] [30] [31].

The method of internal perfusion of giant axon is similar to the method of
Baker et al. [32]. The control isotonic solution for the axons contains (in mM):
NaCI 517, KCI 5; CaClI, 50; Na-HEPES (pH 7.8) 12.7. A solution with low Na
concentration is prepared by replacing 300 mM NaCI by 500 mM glucose. The
isotonic internal solution contains (in mM) KF 100, glucose 888, Na-HEPES 12.
Hypertonic and hypotonic solutions are prepared by adding or reducing 500

mM glucose in corresponding isotonic solutions.
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As can be seen in Figure 6, water efflux has time-dependent activation of po-

tassium currents (I,) and depressed tail currents are due to I, [33].

(a) (b)

Figure 6. (a) Transmembrane ionic currents in internally perfused
squid axon when in both sides of the membrane there were isotonic
solutions; (b) Transmembrane ionic currents in internally perfused
axon when it was internally hypotonic and externally isotonic solu-
tions (outward water fluxes). The calibrations are 25 nA and 10
msec [33].

It is known that TTX (specific inhibitor for Na channels) in 10°M fully inhi-
bits Na channels which are in active state. In order to evaluate the inactivation
and activation effects of water efflux and influx on inward Na current, respec-
tively, we have studied the effects of water influx on excitability of the axon poi-

soned by 10° M TTX, Ze. where all active Na channels are in blocked states.

Figure 7. The transient recovery of the action potentials in squid giant axon in
10 M TTX containing solution at changes of the tonicity of the external solu-
tion. Originally the axon was perfused by the hypertonic external and isotonic
internal solutions (outward transmembrane water flow was present). At the first
arrow the outside hypertonic solution was replaced by isotonic one (transmem-
brane water flow was stopped). At the second arrow, external isotonic solution
was replaced by the hypotonic one and inward transmembrane water flow was
present. Outward and inward transmembrane water flows were produced by
adding or removing 500 mM glucose in external isotonic solution [29].

As can be seen in Figure 7, the transient recovery of the action potentials was
observed in 10 M TTX-containing solution, when water influx through the
membrane was applied. These data clearly indicate that there are Na channels in

axon with different energy activations and water influx has activation effects on
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“reserve” channels, which are poisoned only by their activation. These sugges-
tions are supported by the data of “voltage-clamp” study on water inward an-
doutward water fluxes effects on inward Iy, and outward Iy in internally per-
fused squid axon in normal (517 mM NaClI) and 217 mM NaClI external solution
(Figure 8).

(A) (B)

Figure 8. (A) Voltage of the membrane with (A) and without (B) inward
water flow at the normal [Na], = 517 mM NaClI. The peak of inward and
steady outward currents at the end of 25-msec depolarizing voltage pulses
with (o) and without (.) the water flow as plotted against the membrane po-
tential. The holding potential was —100 mV. (B) Current-Voltage relations
the membrane currents with and without outward water flow at the [Na], =
217 mM NaCI [29].

As can be seen in Figure 8, water efflux has activation effect on potassium
outward current (I,) but has no significant effect on inward current (I,) at ex-
ternal medium containing 517 mM NaCl, ie, where Na gradient has stronger
effect on channel than water efflux from the axon (A), while at low (217 mM)
NaClI external solution the water influx has inactivation effect on I, and signifi-
cant activation effect on Iy, (B). These data indicate that water fluxes have acti-
vation effect on ionic currents having the same direction and inactivation effect
on the ionic currents with opposite directions [29]. The fact that the number of
functionally active channels depends on the membrane surface changes is clearly
demonstrated by the study of ionic currents in snail intact neurons incubated in
physiological solution (PS) with different osmolality [29].

As can be seen in Figure 9, upon the addition of 252 mM sucrose to the ex-
ternal solution, the volume of snail neurons gradually diminishes for 10 - 20 min
and then stabilizes, ie. for about 10 min the outward water flow through the
membrane takes place and then stops after stabilization of the cell volume. Upon

the returning of the neuron to the isotonic medium, the opposite process, in-
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ward water flow through the membrane takes place [18] [29]. The study of the
same time-dependent changes of amplitudes of outward K currents shows that,
beginning from the 30" sec after placing the neuron in the hypertonic solution,
the K outward current increases despite the fact that the amplitude of the com-
mand pulse remains constant. After 2.5 min, the outward current reaches its
maximum value and then begins to decrease. Such a decrease of the K current
lasts up to the 10™ min, e until stabilization of the neuronal volume in the

hypertonic solution [18] [29].

Figure 9. Time-dependent changes of cell volume and amplitudes of potassium currents
after replacing isotonic PS by hypertonic (252 mM sucrose) and after returning of the
neuron to the isotonic medium [18] [29].

The theoretical analysis of the experimental data on the effect of the outward
and inward water flows on the outward potassium currents showed the maxi-
mum potassium conductance (G,,,) increases by outward water efflux, while
the inward water flow has the opposite effect. These data suggest that the
changes of transmembrane currents during transmembrane water flow in di-
alyzed neurons are mainly due to the changes in single-channel conductance and
the time constant of current activation [31].

Thus, the presented data firstly elucidate the nature of the metabolic mechan-
ism controlling low permeability of cell membrane for Na and high permeability
for K ions: osmotic water influx precedes the activation of sodium ionic channels
for inward currents. Therefore, the metabolic water efflux from the cell, in which
Na/K pump has a central role, inactivates membrane permeability for Na influx
and activates membrane permeability for K efflux. Thus, on the basis of the
aforementioned data, the impairment of Na/K pump-induced water efflux from
the neurons, leading to the increase of membrane permeability for Na and
membrane excitability, is suggested as a common consequence of nerve disord-

€rs.

5. The Na/K Pump Dependence on Cell Volume: The
Auto-Regulation of Na/K Pump

As the electrogenic Na/K pump has a pivotal role in cell volume regulation, it is
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predicted to be a negative feedback between cell volume and Na/K pump activity
through which the auto-regulation of Na/K pump takes place. To check this
suggestion we have studied the dependence of Na/K pump activity on cell vo-
lume by changing the osmolality of cell surrounding medium by means of mea-
suring *Na efflux from the cells and counting pump units (*H-ouabain recep-
tors) in membrane [18].

The information about the osmolality effects on Na/K pump activity in the li-
terature is contradictory: Keynes (1965) has observed that an increase in external
tonicity stimulates the active *Na efflux from muscle [34], Mullins and Awad
[35] haven’t observed significant effect of tonicity on *Na efflux, while Venosa
has shown that the tonicity leads to stimulation of **Na from muscle [36]. We
have studied the dependence of cell bathing medium tonicity on *Na efflux from
neurons with low and high [Na],. For this purpose, before **Na efflux measure-
ment in normal saline with different osmolality, the neurons were incubated in
K-free, ?Na containing medium for 15 min (in case of low [Na];) and for 6 hours
(in case of high [Na];). As can be seen in Figure 10, cell shrinkage activates the
*Na efflux at low [Na]; and inhibits it at high [Na],.

Figure 10. The initial rate constant of **Na efflux from the cells and the
number of [’H]-ouabain molecules binding with membrane as a function of
the tonicity of the surrounding medium for cells exposures for 25 min and 6
hours to cold K-free solution containing of *Na. Numbers on the
right-hand side of the curves represent the incubation times (hours). Curves
are drawn by eye [18].

By this study it becomes clear that osmolality increase of cell bathing solution
has double effects on Na/K pump activity: on one hand it activates Na/K pump
by shrinkage-induced increase of [Na]; and on the other hand it decreases pump
activity by an unknown mechanism in case of high [Na];. The double effect of
osmolality on cell surrounding medium on Na/K pump activity is more clearly
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demonstrated by the study on the dependence of the rate constant of Na efflux
from neurons on time in solutions with different tonicities.

In order to determine whether the number of functioning pump units in the-
membrane is changed in response to dependent changes of cell volume the inhi-
bitory effect of ouabain on Na/K pump activity as well as [*’H]-ouabain binding
with cell membrane of bathing neurons with different osmolality have been stu-
died.

Table 1. Binding of [’H]-ouabain to Helix pomatia cell membrane as a function of con-
centration of glycoside in solutions with different tonicities (x10° molecules/mg dry
weight) [18].

OQuabain Content Incubation Medium

(Mol) Hypotonic Isotonic Hypertonic
10 x 107'° 4.59 +0.32 3.23+0.24 2.03+0.16
3x 107" 183+ 14 11.7 £ 0.87 6.29 +0.41
6x 107" 28.9+20 179+ 1.2 10.0 + 0.67

1x107° 320+22 21.1+1.4 122+ 0.9
3x107° 144 +29.4 90.5+5.7 53.8+3.1
6x107° 431 +29.4 266 + 15.8 147 £9.7
1x107® 793 £45.6 508 + 30.1 283 +19.4

The data presented in Table 1, clearly indicate that cell swelling in hypotonic
medium increases the number of ouabain receptors in membrane, while the
shrinkage in hypertonic solution leads to opposite effects, .e. to the decrease of
the number of ouabain receptors compared with the number of ouabain recep-
tors of neurons bathing in isotonic medium.

To elucidate whether the number of functioning pump units is changed under
normal conditions in response to the increased passive membrane permeability,
the binding of [’H]-ouabain to the membrane was studied in the presence of

synaptic transmitters [18].

Table 2. The effects of Ach, GABA and PTZ on [’H]-ouabain binding to neuronal mem-
brane [18].

Ouabain Normal Normal Ringer Normal Ringer Isotonic
Con.tent in the Ringer C(intaining Cf)ntaining 7+
medium (Mol) 10 M Ach 10 MGABA 5x 102 M PTZ

10x 1072 3.16 £ 0.48 5.13+0.62 4.24+0.21 521%0.28

1x107° 20.56 + 0.55 30.54 + 1.55 27.63 + 3.17 1718 £ 1.1
5x 107 109.40 + 10.47 170.29 £ 13.36 139.62 £ 11.43 26.79 + 1.8
1x 107 143.54 £ 8.91 270.93 + 28.53 174.48 £ 13.54 29.0+2.3
1x 1077 3254.47 + 74.20 3944.33 £ 107.23 - -
1x10°° 23938.20 + 852.41 3944.33 £ 107.23 - -
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From Table 2, it can be clearly seen that ACh and GABA increase ouabain
binding significantly. Therefore, we suggest that the increased membrane per-
meability brought about by exposure to synaptic transmitters is accompanied by
a corresponding alteration in the number of functioning pump units in the-
membrane.

Thus, the facts that water influx leads to the increase of membrane permeabil-
ity for ions leading to cell swelling, which stimulates the pump activity by the
increase of the number of pump units in membrane, while the pump activa-
tion-induced cell shrinkage decreases membrane permeability (membrane con-
ductance) and the number of pump units in membrane, indicate that
pump-dependent cell volume serves as an auto-regulatory system for pump. By
this mechanism the metabolic regulation of membrane functions, such as excita-
bility [37], chemo-sensitivity [38] [39] and second exchanger systems are rea-
lized. Therefore, the dysfunction of the auto-regulation of Na/K pump is sug-

gested as a common consequence of cell pathology.

6. The Ouabain Inactivates Na/K Pump and Activates
Na/Ca Exchange

Baker et al have identified two components of *’Na efflux in intra-perfused squ-
id axon. They are ouabain-sensitive and insensitive components, which are due
to Na/K pump and Na/Ca exchange in reverse (R) mode, respectively [40].
These authors, have explained the activation of R Na/Ca exchange by Na/K
pump inactivation-induced increase of [Na];. Our study of dose-dependent oua-
bain effect on *Na efflux from intact neurons and rat brain and heart muscle
tissues has shown that ouabain inactivates Na/K pump only at high (>107 M)
concentrations, while the low concentrations (<1077 M) of ouabain have activa-
tion effects on *Na efflux from the cells (Figure 11), which does not have effect

on Na/K pump activity measured by *Rb uptake (Figure 12).

Figure 11. The dose-dependent (107 to 107> M) ouabain effect
on the rate constant of ?Na efflux from the neurons [18].
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Figure 12. The dose-dependent (107" to 10~ M) ouabain effect on the
rate constant of *Rb uptake in neurons [43].

18-
12¢

[ee]
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-
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T

22Na Efflux
Rate Constant k (min™")
45Ca uptake uM/s

N

1 3 5 8 1.1 14 19 min 2 mM 7mM 20 mM
(a) (b)
Figure 13. (a) The time-dependent **Na efflux from the neurons in presence of 2 mM (1);

7 mM (2) and 20 mM (3) Ca; (b) *Ca-uptake by neurons at 2 mM; 7 mM and 20 mM Ca
[43].

It has been shown that activation of **Na efflux by low ouabain in intact neu-
rons, like ouabain-insensitive ’Na efflux in perfused axon [40], is due to activa-
tion of R Na/Ca exchange (Figure 13(a) and Figure 13(b)). The *Na effluxfrom
neurons in K-free solution is activated by the increase of Ca content in cell
bathing medium (Figure 13(a)), which is accompanied by “’Ca uptake increase
(Figure 13(b)).

In order to evaluate how the dose-dependent effect of ouabain on *Na efflux
is related with ouabain binding with membrane receptors we have studied the
dose-dependent [*H]-ouabain binding with cell membrane of snail neurons.

It has been shown that two saturated components of ouabain binding may be
distinguished on the dose-dependent curve of ouabain binding with cell mem-
brane: one—at concentrations from 107° to 10~ M and the other—at ouabain
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concentrations between 10~ and 10" M. Moreover, the kinetics of dose-dependent
ouabain binding curve does not change by variation of osmolality of cell bathing
medium (Figure 14) [18].

Figure 14. Dose-dependent [*H]-ouabain binding with cell membrane
in isotonic, hypertonic and hypotonic mediums [18].

Later, these three types of ouabain receptors were characterized as a,, a, and
a; isoforms of Na/K-ATPase [41]. The involvement of these receptors in R
Na/Ca exchange was explained by ouabain-induced inactivation of Na/K pump
leading to local increase of [Na]; [42].

However, our study on mollusk neurons, rat brain and heart muscle tissues
has shown that the function of low ouabain-induced activation of Na/Ca ex-
change and the function of a, and a; receptors has no direct relation with Na/K
pump activity [43]. It has been shown that the activation of Na efflux from the
cells by both [cGMP]; and [cAMP]; are due to Na/Ca exchange in forward mode
(F) and R Na/Ca exchange, respectively. The activation of a; and a, receptors
stimulates the cGMP-dependent F Na/Ca exchange, and cAMP-dependent R
Na/Ca exchange, respectively [43] [44].

It has also been shown that a;/a, receptors are non-specific for ouabain mo-
lecules and serve as common membrane targets for the impact of various weak
chemical and physical signals unable to activate ionic channels and Na/K pump
activity such as low concentrations of transmitters (<10™> M) [45] [46], magne-
tized solution, microwave having intensity even less than the thermal thresholds
[47] [48].

Figure 15 shows that low concentration of Ach, which is unable to activate

ionic channels and Na/K pump activity in neurons, has potential-independent
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modulation of GABA-induced ionic currents in neuron, while in oocytes in-
jected with mRNA for different receptors this modulation is absent (Figure 15).
These data clearly indicate that low Ach effect on GABA-induced current is not
realized through Ach receptor or Na/K pump, and is due to activation of
cAMP-dependent activation of R Na/Ca exchange [46].

Figure 15. The effect of 10> M Ach (applied during the bars from 20 to 50
min) on GABA responses of a medial pleural neuron. Part A shows a plot of
peak GABA response amplitude with time when the neuron was held at =50
mV. Three records of the currents are shown below the plot to illustrate the
control, depressed, and recovered GABA currents. After microperfusion of
Ach the peak amplitude declined to about 40% of control. Part B shows re-
sults of a repeat of this experiment in the same neuron, but with the holding
potential at —65 mV [46].

The extra-sensitivity of a,/a, receptors in membrane to various factors is in
harmony with the groundbreaking discoveries of Robert Lefkowitz and Brian
Kobilka regarding the extremely sensitive G-proteins-coupled receptors in cell
membrane for which they have been awarded the Nobel Prize in Chemistry [49].
Thus, these data indicate that the high concentration of ouabain (>10™° M) can
only be considered as a specific inhibitor for Na/K-ATPase [3], while the low
concentrations of ouabain have only intra-signaling function, which is tho-
roughly described in the review by Xie and Askari [50] [51].

It is worth noting that activation of both cGMP-dependent F Na/Ca exchange
and cAMP-dependent R Na/Ca exchange generates water efflux from the cell,
decreases membrane permeability for Na ions and controls Na gradient on the
membrane: the cGMP-activated F Na/Ca exchange stimulates Na/K pump by
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removing [Ca];, generating water efflux from the cells and decreasing membrane
permeability for Na ions, while cAMP-activated R Na/Ca exchange, stimulates
endogenous water formation by [Ca];-induced activation of mitochondrial func-
tion, which also generates water efflux from the cells and decreases membrane
permeability for Na and controls Na gradient on the membrane. Thus, this ex-
plains the metabolic regulation of membrane semipermeability [44].

This suggestion is supported by the data on weak intensity static pulsing and
magnetic field effects on cGMP-activation of F Na/Ca exchange in normal PS
and activation of cAMP-dependent R Na/Ca exchange in K-free medium
(Figure 16) [52] [53].

(a) (b)

Figure 16. The effect of 4Hz mechanical vibration (MV) and ELF EMF on “Ca* uptake
by neuronal ganglia in (a) normal PS and (b) K-free solution [53].

At present, the discovery of the role of intracellular cGMP/cAMP in regula-
tion of Na/Ca exchange between cells and external medium as well as between
different organoids and cytoplasm [54], allows to consider the extra-sensitivity
of cyclic nucleotides-dependent changes of [Ca]; as a primary mechanism for
modulation of Na/K pump activity in response to the impact of weak factors on
cells and organism [55].

The study of synaptic transmitters sensitivity of cGMP-activated F Na/Ca ex-
change and cAMP-activated R Na/Ca exchange has shown that cGMP system is
more sensitive to transmitters effects (<107 M) than cAMP system (107" - 107"
M) [56] [57].

On one hand the highest sensitivity of cGMP-dependent F Na/Ca exchange
and on the other hand the high permeability of cell membrane for water allow us
to suggest that the factor-induced cell hydration serves as a primary mechanism
for the activation of soluble guanylate cyclase-induced cGMP synthesis. To
check this suggestion, we have studied the effect of cell hydration on intracellu-
lar contents of cGMP and cAMP [56] [57]. It is known that membrane water
permeability is elevated as a result of membrane fluidity increase. By our pre-

vious study we have shown that short chain fatty acids activate the membrane
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fluidity, through which the strong modulation of membrane functions takes
place [58] [59] [60].

Figure 17 shows that when K-free saline is added in cell bathing medium,
non-metabolized 2-decenoic fatty acid (DA) leads to cell swelling, which is ac-
companied by the increase of cGMP without significant changes of cAMP con-
tents. These data allow us to suggest that the increase of cell hydration could be a

primary mechanism for activation of cGMP-dependent F Na/Ca exchange.

Figure 17. The 2-decenoid fatty acid-induced cell swelling in K-free solution. The first
arrow indicates the moment when the K-free solution was replaced with K-free DA con-
taining solution, the second arrow shows the moment of the effect of DA-induced water
uptake on intracellular cyclic nucleotides (in %) [60].

Thus, the aforementioned data allow us to suggest that the dysfunction of
c¢GMP/cAMP-dependent Na/Ca exchange-induced increase of [Ca];, which in-
hibits Na/K pump, is considered as a common consequence of cell pathology in-
cluding cancer [61] [62] [63] [64], nerve disorders [65] [66] and cardio-vascular
diseases [67] [68].

Although the Na/Ca exchange functions in stoichiometry of 3Na:1Ca [40], its
activation in forward mode has hydration effect, while in reverse mode its acti-
vation has dehydration effect only on brain tissue of old animals, when [Ca]; is
high. However, at low [Ca]; (in young animals), the activation of F Na/Ca ex-
change has dehydration effect on brain tissue as [Ca]; decrease leads to activa-
tion of Na/K pump, while the activation of RNa/Ca exchange leads to hydration
of brain tissue by [Ca];-induced activation of mitochondrial production of H,0O
[44]. It is worth noting that in young animals the activation of both F Na/Ca and
R Na/Ca exchanges stimulates water efflux from the cells, leading to the decrease
of membrane permeability for Na, and Na efflux from the cells leads to the in-
crease of Na gradient on membrane serving as energy sources for different sec-
ondary exchange systems. These data indicate that the Na/Ca exchange in both
directions is a key protective cell mechanism, the dysfunction of which brings to
cell pathology, including aging [65] [68].

7. Conclusions

1) The electrogenic Na/K pump generates metabolic components of mem-
brane potential through which the control of potassium electrode properties
predicted by Nernst’s law is realized.

2) Unlike ionic gradient-induced membrane currents, the Na/K pump current
is increased by the elevation of membrane resistance.

3) As Na/K pump functions in stoichiometry of 3Na:2K, and is the highest
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ATP utilizing machine; it increases endogenous water formation by activation of
oxidative phosphorylation and generates water efflux from the cells. The latter,
besides balancing osmotic water influx, has a pivotal role in controlling semi-
permeable properties of cell membrane in resting state of neuron, Ze. low per-
meability for Na and high permeability for K ions.

4) The Na/K pump activation decreases the number of functionally active Na
channels in membrane by both surface-dependent decrease of the number of
functionally active channels and water efflux-induced inactivation of these ionic
channels. Thus, there is a negative feedback between the number of functionally
active Na ionic channel in membrane and Na/K pump activity.

5) There is also a negative feedback between cell volume and Na/K pump ac-
tivity, which is realized through surface-dependent changes in the number of
Na/K pump units (ouabain receptors), through which the autoregulation of
Na/K pump activity is realized.

6) In intact neurons the curve of dose-dependent ouabain binding with cell
membrane consists of two saturated and one linear part, out of which low affin-
ity receptors with linear dose-dependent character are identified by Na/K pump
functions, while the high and middle affinity receptors have cGMP-dependent F
Na/Ca exchange and cAMP-dependent R Na/Ca exchange functions, respective-
ly.

7) The intact neurons, unlike in case of neurons in internally perfused axon,
have low ouabain-activated Na efflux, which is due to cAMP-dependent R
Na/Ca exchange. The activation of the latter also takes place upon the impact of
various weak chemical and physical signals, which are unable to activate ionic
channels and modulate Na/K pump activity. Thus, it is suggested that G-proteins
in membrane serve as such common sensors which activate cGMP and cAMP
contents in the cell.

8) The activation of both cGMP-dependent FNa/Ca exchange and
cAMP-dependent R Na/Ca exchange generates water efflux from the cell, de-
creases membrane permeability for Na ions and controls Na gradient on the
membrane. The cGMP-activated F Na/Ca exchange stimulates Na/K pump by
removing [Cal;, generating water efflux from the cells and decreasing membrane
permeability for Na ions, while cAMP-activated R Na/Ca exchange, stimulates
endogenous water formation by activation of mitochondrial function, which also
generates water efflux from the cells and decreases membrane permeability for
Na and controls Na gradient on the membrane. Thus, this explains the metabolic
regulation of membrane semi permeability.

9) The dysfunction of G-proteins-regulated GMP/cAMP-dependent Na/Ca
exchange, which controls low level of [Ca]; and inhibits Na/K pump, is a com-
mon consequence of cell pathology.
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Abstract

A two-stage containment scheme is proposed to minimize spreading of the
novel coronavirus. Two stages of quarantine each of 14 days will be involved.
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1. Introduction

Spreading of the novel coronavirus (COVID-19) [1] among people is fast. As

this is a novel coronavirus disease, some of its characteristics are unlike the pre-

http://creativecommons.org/licenses/by/4.0/ vious coronaviruses, and still unknown. These novel characteristics make

spreading control [2] [3] [4] scheme difficult. The physics behind was just pro-
posed [5] recently. Two points are of particular importance in this respect. The
first point is that the incubation period, which is commonly taken to be 14 days
(based on SARS), may be longer than this and an incubation period of up to 24
days has been reported. The second point is asymptomatic subjects, that is,
people still in the incubation period, are contagious. Based on these two points
the present 14-day quarantine practice might not be adequate.

It appears that this epidemic will not come to an end in a short time [6], and
might last till the end of the year 2020. A better way at this stage (March of 2020)
is to block or minimize contact among people within a reasonable time, as pro-
posed below, which is a compromise between effectiveness (requiring longer
quarantine) and degree of freedom (less restriction on people quarantined).

Symptoms of COVID-19 can be observed only after the incubation period,
commonly taken to be 14 days [1]. Therefore, a viable containment strategy of

quarantine of suspected subjects to prevent further disease spreading is needed.
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It is very difficult to realize complete isolation of suspected subjects if there are
no serious consequences. Too many people might have been infected already if
the quarantine requirement is too loose or the quarantine period is too short.

A safety management scheme arranging quarantine is therefore proposed in
this short note based on the following containment scheme which is to be im-
posed on asymptomatic people identified to have been in close contact with con-
firmed subjects or have a travel history in certain areas (as specified by the gov-

ernment).

2. First Stage Quarantine

The containment scheme is as follows:

F1. Divide the containment area to be controlled into n blocks, N, N,, ...,
N, ..., N,, where the i® block N; can be a city, a town, a village, a housing estate, a
building or even a cruise ship [7] ... etc.

F2. Divide the i* block N; into m units, M;;, My, ..., Mj, ..., M., where the j*

unit M; of the i® block N; can be a home, a level in a building, several buildings

ij>

or even a residential area as in Figure 1.

F3. The smaller the size of the j* unit M; of the i® block, the more effective
will be the control of spreading.

F4. Contact is only allowed within the unit M
er units of the block N; in 14 days.

F5. Identify infected patients for medical treatment. If there is a confirmed

but prohibited among the oth-

ij>

case in unit M;; during this stage, quarantine of the people in that unit will con-

tinue for 14 days starting from the date of confirmation of their unit-mate.

3. Second Stage Quarantine

People passing the first stage of quarantine will proceed to the second stage of
quarantine, which is a relaxation of the first stage. This stage is designed based
on compromise between safety and degree of freedom.

S1. Contact among different units M; inside the i containment block N; is al-
lowed in this stage, but not among different containment blocks in another 14

days.

Figure 1. Blocks and units.
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S2. Identify the infected patients in each containment block for medical
treatment. If there is a confirmed case in the i block N, during this stage, qua-
rantine of the people in that block will continue for 14 days starting from the
date of confirmation of their block-mate.

4. Releasing Stage

People passing these two stages of quarantine will be released if laboratory check

for the novel coronavirus cannot be arranged due to resources limitation.

5. Conclusions

The following can be concluded:
e The above recommended containment scheme requires 2 quarantine levels of
14 days each (totally 28 days) to minimize the spreading of COVID-19.

e The scheme is a compromise between effectiveness and degree of freedom.

Conflicts of Interest

The authors declare no conflicts of interest regarding the publication of this pa-

per.

References

[1] Edwards, E. (2020) Coronavirus Gets Official Name from WHO: COVID-19. NBC
News, 12 February 2020.
https://www.nbcnews.com/health/health-news/coronavirus-gets-official-name-who
-covid-19-n1134756

[2] Chinese Association of Refrigeration (2020) Some Explanations and Suggestions on
the ‘Aerosol Transmission’ of COVID-19 in Recent Days. 2 February 2020. (In
Chinese) http://www.car.org.cn/index.php?s=/articles_1349.html

[3] Life Times (2020) What Is the Probability of Virus Spreading on the Plane? A Dia-
grammatic Sketch to Show You Clearly. 3 February 2020. (In Chinese)
https://mp.weixin.qq.com/s?__biz=MjM50TgyODIwMQ==&mid=2653043885&idx=
1&sn=1376c5{f8bac53b26b2719538768bfbb&key=42cbd266dd78a82132d020bdb75eaf
2094e688076b2027a12d2b3a7df3e66380e99€9812c6757d427166eee9f9758419d4c4{87 cf
44c688988fd28dfb5cf8bc79f1a14b68eb3a83517fbaddec4098c2e&ascene=1&uin=M;Y2
MzEyNzE1&devicetype=Windows+7&version=62080079&lang=zh_CN &exportkey=
AVS%2BVrE92Pc4h0%2Fn310aee0%3D&pass_ticket=%2FowRwMK9ILKpR699C5h
wy06zAwqGb8lzTsVzfltNusI0%3D

[4] Gale, J. (2020) Prognosis: There Is a ‘Tipping Point’ before Coronavirus Kills.
Bloomberg. https://apple.news/A4yrwqSUyRT2tL4oh4tsVHwW

[5] Wong, KW., Fung, P.C.W. and Chow, W.K. (2020) Solar Radiation, Perelman En-
tropy Mapping, DNA, Viruses Etc. Open Journal of Biophysics, 10, 54-58.

[6] RTHK English News (2020) Covid-19 Here to Stay, Says Top Microbiologist. 8
March 2020.
https://gbcode.rthk.hk/TuniS/news.rthk.hk/rthk/en/component/k2/1513140-202003
08.htm

[7] The Guardian (2020) Coronavirus: Woman on Diamond Princess Cruise Ship
Tested Positive after Disembarking.

DOI: 10.4236/0jbiphy.2020.102007

86 Open Journal of Biophysics


https://doi.org/10.4236/ojbiphy.2020.102007
https://www.nbcnews.com/health/health-news/coronavirus-gets-official-name-who-covid-19-n1134756
https://www.nbcnews.com/health/health-news/coronavirus-gets-official-name-who-covid-19-n1134756
http://www.car.org.cn/index.php?s=/articles_1349.html
https://mp.weixin.qq.com/s?__biz=MjM5OTgyODIwMQ==&mid=2653043885&idx=1&sn=1376c5ff8bac53b26b2719538768bfbb&key=42cbd266dd78a82132d020bdb75eaf2094e688076b2027a12d2b3a7df3e66380e99e9812c6757d427f66eee9f9758419d4c4f87cf44c688988fd28dfb5cf8bc79f1a14b68eb3a83517fbaddec4098c2e&ascene=1&uin=MjY2MzEyNzE1&devicetype=Windows+7&version=62080079&lang=zh_CN&exportkey=AVS%2BVrE92Pc4hO%2Fn31oaee0%3D&pass_ticket=%2FowRwMK9LKpR699C5hwy06zAwqGb8lzTsVzfltNusI0%3D
https://mp.weixin.qq.com/s?__biz=MjM5OTgyODIwMQ==&mid=2653043885&idx=1&sn=1376c5ff8bac53b26b2719538768bfbb&key=42cbd266dd78a82132d020bdb75eaf2094e688076b2027a12d2b3a7df3e66380e99e9812c6757d427f66eee9f9758419d4c4f87cf44c688988fd28dfb5cf8bc79f1a14b68eb3a83517fbaddec4098c2e&ascene=1&uin=MjY2MzEyNzE1&devicetype=Windows+7&version=62080079&lang=zh_CN&exportkey=AVS%2BVrE92Pc4hO%2Fn31oaee0%3D&pass_ticket=%2FowRwMK9LKpR699C5hwy06zAwqGb8lzTsVzfltNusI0%3D
https://mp.weixin.qq.com/s?__biz=MjM5OTgyODIwMQ==&mid=2653043885&idx=1&sn=1376c5ff8bac53b26b2719538768bfbb&key=42cbd266dd78a82132d020bdb75eaf2094e688076b2027a12d2b3a7df3e66380e99e9812c6757d427f66eee9f9758419d4c4f87cf44c688988fd28dfb5cf8bc79f1a14b68eb3a83517fbaddec4098c2e&ascene=1&uin=MjY2MzEyNzE1&devicetype=Windows+7&version=62080079&lang=zh_CN&exportkey=AVS%2BVrE92Pc4hO%2Fn31oaee0%3D&pass_ticket=%2FowRwMK9LKpR699C5hwy06zAwqGb8lzTsVzfltNusI0%3D
https://mp.weixin.qq.com/s?__biz=MjM5OTgyODIwMQ==&mid=2653043885&idx=1&sn=1376c5ff8bac53b26b2719538768bfbb&key=42cbd266dd78a82132d020bdb75eaf2094e688076b2027a12d2b3a7df3e66380e99e9812c6757d427f66eee9f9758419d4c4f87cf44c688988fd28dfb5cf8bc79f1a14b68eb3a83517fbaddec4098c2e&ascene=1&uin=MjY2MzEyNzE1&devicetype=Windows+7&version=62080079&lang=zh_CN&exportkey=AVS%2BVrE92Pc4hO%2Fn31oaee0%3D&pass_ticket=%2FowRwMK9LKpR699C5hwy06zAwqGb8lzTsVzfltNusI0%3D
https://mp.weixin.qq.com/s?__biz=MjM5OTgyODIwMQ==&mid=2653043885&idx=1&sn=1376c5ff8bac53b26b2719538768bfbb&key=42cbd266dd78a82132d020bdb75eaf2094e688076b2027a12d2b3a7df3e66380e99e9812c6757d427f66eee9f9758419d4c4f87cf44c688988fd28dfb5cf8bc79f1a14b68eb3a83517fbaddec4098c2e&ascene=1&uin=MjY2MzEyNzE1&devicetype=Windows+7&version=62080079&lang=zh_CN&exportkey=AVS%2BVrE92Pc4hO%2Fn31oaee0%3D&pass_ticket=%2FowRwMK9LKpR699C5hwy06zAwqGb8lzTsVzfltNusI0%3D
https://mp.weixin.qq.com/s?__biz=MjM5OTgyODIwMQ==&mid=2653043885&idx=1&sn=1376c5ff8bac53b26b2719538768bfbb&key=42cbd266dd78a82132d020bdb75eaf2094e688076b2027a12d2b3a7df3e66380e99e9812c6757d427f66eee9f9758419d4c4f87cf44c688988fd28dfb5cf8bc79f1a14b68eb3a83517fbaddec4098c2e&ascene=1&uin=MjY2MzEyNzE1&devicetype=Windows+7&version=62080079&lang=zh_CN&exportkey=AVS%2BVrE92Pc4hO%2Fn31oaee0%3D&pass_ticket=%2FowRwMK9LKpR699C5hwy06zAwqGb8lzTsVzfltNusI0%3D
https://mp.weixin.qq.com/s?__biz=MjM5OTgyODIwMQ==&mid=2653043885&idx=1&sn=1376c5ff8bac53b26b2719538768bfbb&key=42cbd266dd78a82132d020bdb75eaf2094e688076b2027a12d2b3a7df3e66380e99e9812c6757d427f66eee9f9758419d4c4f87cf44c688988fd28dfb5cf8bc79f1a14b68eb3a83517fbaddec4098c2e&ascene=1&uin=MjY2MzEyNzE1&devicetype=Windows+7&version=62080079&lang=zh_CN&exportkey=AVS%2BVrE92Pc4hO%2Fn31oaee0%3D&pass_ticket=%2FowRwMK9LKpR699C5hwy06zAwqGb8lzTsVzfltNusI0%3D
https://secure-web.cisco.com/1Z2Dv-LB9N99Cd1O71wniGrRWndGEUYYb9_bW-MV2R872jBPKMm2bYLsaOBPg-dQyubvzw9xsYo1ygLBglA-fcFg6-2WOWgYct-q7NaB8Vs7Mlm9F1pjP6flklflTCwMASShwE2qVDOGe-SqNzlS0d67NXGnEa5aQkmVfv38PAKONw3tMRgYm0ZqDpY808iSsGLFsZmiESnBGy4m6VzTDSAQgp1_1PnM_A_L7fBUqlvwdiEw4xSgdwjTupPir3l8ARSKp_bvWO-EosyOe05KHYSo-YjKVirovsC_B_sj2FSHEu1GSXEBAzwbjOXQfihyugFp9MsMe7zlq0jK20c0sXQ/https%3A%2F%2Fapple.news%2FA4yrwqSUyRT2tL4oh4tsVHw
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Nomenclature
M—the unit within a block
N—the block
Subscripts

i—number of the block

j—number of the unit in a block
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Abstract

The coronavirus structure is explained as a fractal representation of the
Poincare sphere of proteins, dotted with t-spikes having the geometric reali-
zation of the SU(3) Lie group for the protein spike, and encompasses an RNA
of SU(2) topologies representations, while within the core contains a virus
DNA. Through this suggested model, the virus must possess a critical tem-
perature 7, induced by the EEM mechanism for the completion of the Poin-
care sphere surface. Thus above T it will disintegrate. We then discuss how
the virus transmission progresses within the patient’s body, and explain a
very fast recent detection method currently used consistent with this model,
as well as a corresponding possible cure based on this same principle of the
body’s immune system. Hopefully the model can be also used as a guide to
finding possible medications, so far is lacking.

Keywords

COVID-19, Perelman Mappings, Virus Survival Temperature 7,
Virus Multiplication Mechanism

1. Introduction and the Physical Model

The recent coronavirus pandemic has created great economic damages to the
world on top of the health pandemic. On the other side, because of this disaster
we have learned a lot about the structure and progress and multiplication me-
chanisms of the virus in the human body. We shall try to explain below how we
can apply physical principles derived from Perelman mappings of the homoge-
neous 5D space-time into its physical shape and summarize this deadly
COVID-19 operation.

All coronaviruses are basically spherical in shape, covered with “t” shape

spikes on the surface. Each virus spike contains a unique RNA within. And each
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spike is a protein composed of 3 vertical parallel strains, displaying the SU(3)
fractal representation of the proton/neutron formation from the quark model,
and enclosing a linear void in the center, clearly showing the potential of hous-
ing an RNA structure. The spherical surface is a lipid bilayer on which many
proteins are inserted. Some of these proteins have very strong “intruding power”
so that the virus lets itself be engulfed by many types of living cells when in con-
tact. The virus attacks not only respiratory cells, but can get into gastric cells, or
even neurons. It cannot enter the skin which is protected by the epithelium. In
terms of 5D projection into the Lorentz 4D manifold physical principles, it im-
plies the virus is formed through the two steps of Perelman mappings, such that
its topological surface must repeat the SU(3) and SU(2) Lie group symmetry [1],
by gathering the proteins within the surrounding thermal bath, as induced by
the DNA spectrum, which is the eigen-solutions of the Maxwell DLRO (Diagon-
al Long Range Order) monopole loop created via thermal energy supplied to the
DNA, as explained by us earlier [2], while according to the Excitonic Enhance-
ment mechanism model [3], the formation of the spherical protein coating re-
quires the temperature below a control value 7. of the ODLRO (Off-diagonal
Long Range Order) on the Valence band “p” electron hole orbitals [4]. Hence,
we expect the surface to be dotted with t-spikes, having structure of 3 gathered
in the corners of an equilateral triangle, representing SU(3) topology, while a
1-dimensional monopole 2ec expanding boson field composed of e, —e massless
spinor pair if allowed, would be along the RNA, except due to the finite fixed
length of the RNA it does not exist as explained in ref. [2] through the center of
the triangle, thus obeying SU(2). (See Figure 1 for illustration of the virus.)

Figure 1. Epidemic potential. (Source: Timothy Sheahan, University of North Caro-
lina. In: B. McKay and T. Ansari, “Coronavirus Symptoms and How to Protect
Yourself: What We Know”, The Wall Street Journal, 19 March 2020.
https://www.wsj.com/articles/what-we-know-about-the-coronavirus-11579716128)
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Because such a structure is the simplest fractal topological structure that we
can create out of Perelman mappings into a Poincare sphere due to the necessary
realization in the 4D Lorentz space-time from the homogeneous 5D mapping.
The varying sizes and varying number of spikes make the different Coronavi-
ruses. The monopole eigen-state within the DNA energy must be maintained via
chemical decomposition of matters in the surrounding via oxidation or external
optical source, such as thermal or light sources. Without the energy, the mono-
pole will decay, and the virus will also decompose, releasing the RNAs in the “t”
spikes. For each pair of such RNAs, when energy is available, the nitrogenous
end caps Uracil will be replaced by the Thymine in the DNA. To achieve this, the
loss spikes must be attached first to the patient’s oxidation energy source, so that
the released RNA can form new DNA. Then through the Perelman 3D entropy
manifold mapping the new virus can be created. This is the main reason why the
coronavirus must attach itself to the respiratory path wall. Furthermore, as that
happens that when a new virus can be born, the temperature in the surrounding
must increase, but it must remain not to exceed 7. for the shell formation: This
is a very delicate constrain.

To understand quantitatively, let us review the Excitonic Enhancement Me-
chanism model [3] that was proposed for the HTC High Temperature Cuprates
Superconductors [5], where the ODLRO of the VB valence bond ‘p’ holes orbit-
als were induced via the formation of excitons between the Fermi level and the
CB conduction band and its coupling to the holes in place of the phonons in the
BCS superconductor mechanism. By extending this model for the natural for-
mation of bio cells within the human body, we can provide an estimation on the
7.in normal human cells.

According to the 5D model, the cell growth is caused by the induced ODLRO
in the VB “p” hole orbitals, which comes from the periodic Oxygen in the CuO
plane for the culprate superconductors, and the Carbon in the periodic spherical
surface protein shell for the bio cells, and similarly the coronavirus, via the EEM
mechanism.

The normal body temperature is roughly 100°F, or 36°C, which corresponds
to 309°K. In order for the normal growth 7. must be > than this temperature.
Let us assume then 7.= 311°K.

The EEM superconducting gap A, [6] is given by

0.5
A, = {Afm +A% /e, +y+G]2} (1)

[see Wong and Ching papers on the derivation of Equation (1) in the EEM
theory]

A, is the exciton binding, and <u + G, Gis the positive bandgap, while y is
the Fermi level of the holes. &, is the correction due to the presence of excitons.

Using the Boltzmann constant k5 = 1.38 x 107 J/°K.

By ignoring Azsand &,, we obtain a numerical result

H+ Gof2eV 2)
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and A, of 1 eV. that would satisfy a 7.of 311°K.

For HTS culprates A, is roughly 0.5 - 0.6 eV, while the rest of the electron
band structure parameters 1 and Gare similar. We then expect 7. to be no more
than 120°K. The enhanced 7 in bio cells must be much higher, in fact higher
than the body normal temperature, due essentially to the exciton effective mass
being smaller.

This quantitative analysis is equally applicable for estimating the Coronavi-
ruses 7. In fact it must lie above the body cells 7, but less than the max fever 7"
before the onset of pneumonia, which can be set as 20°K higher. Hence the 7
for the Coronaviruses which covers from the common flu to SARS and MERS,
must be between 311°K to 331°K.

As the body T raises close to 7 of the virus, the virus multiplication slows,
due primarily to the EEM induced broadening of the HTC transition. Thus the
most active 7'range of the virus must be between the body’s normal 7'and its 7,
value. Suppose the COVID-19 7. = 330°K, and is most active around the body 7,
since the reproduction probability follows an exponential curve, which governs
the rate of transmission within a human population. This works out to 36°C. As
temperature raises above 36°C, the virus reproduction decreases rapidly.

The higher the shell formation 7, the more deadly it would be, because it can
multiply easier. However it also implies the monopole eigen-energy requirement
is also higher, which in turn due to the uncertainty principle dE. d¢> A, tends to
shorten the life time of the virus which is proportional to d, thus reduces its ef-
fective ability to transmit when away from the human body. As such, due to the
environment content of proteins available, and the 7 value reachable, the virus
for its own survival constantly makes minor changes, very much like the com-
mon flu viruses.

As shown in Figure 1, most Coronaviruses are carried by bats, where the vi-
ruses must be harmless, means the bats body immune and protein composition
does not favor the multiplication of the virus. This same principle probably ex-
plains why COVID-19 is less deadly in kids than adults. A better quantitative
research on the general protein compositional changes with our body aging

could be helpful in our search of a prevention.

2. Mechanism of Propagation of COVID-19 within the Patient

It is due to the above explanation, the first stage symptom of the COVID-19 in a
patient is always fever [7] as new viruses are formed from the spikes penetrating
into a body’s cell so that the RNA length can be extended temporarily to ac-
commodate the creation of a 2ec monopole boson, accompanied with the oxida-
tion of the proteins on the virus shell, which in turn breaks the virus shell so as
to be able to change the RNA end caps from Uracil to the Thymine and created
the DNA, from which new coronavirus can be formed around it as we discussed
in the previous section. Hence it is most efficient for the virus to multiply along

the respiratory track. This 7 raises coincide with inducing the body’s immune
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response, which operates as 7 'rises, and in turn triggers the white blood T cells
to seek and consume the virus. Thus young healthy people usually can recover as
the white blood T cells win over the limited number of new rebirth of the virus-
es, due primarily from limited proteins available caused by the lack of extra su-
gars and fat proteins generally present in older people. At this stage, when many
new viruses are created from the dead ones left over for a patient in the respira-
tory track are sometimes accompanied with dry cough as the body’s respiratory
expels the dead virus that did not make it revived by forming new viruses. With
that life viruses are also ejected, thus spreading the virus transmission in droplets
covering the near surrounding. Hence to slow down the direct person to person
transmission of the virus, social distancing, frequent sensitizing including hands,
patient isolation, and population mobility confinement is of paramount impor-
tance. Disposed dead virus must remain within the patient’s blood for some
time, as the immune mechanism that destroys the virus is through the T-cells,
which of course is carried through the body by the blood flow. Hence, it is easy
to detect the Coronavirus infected patient via blood test for the presence of the
virus DNA, even when the patient had totally recovered. This technique of test-
ing has in fact been created and applied by the company Biomerica, as a demon-
stration of its erology patented method. The test is simple and the result is 100%
and very quick, except it gives false positive if the patient already recovered.
Hence the positive test must be simultaneously verified by direct detection of the
virus present in the mucus obtained from the throat, plus no lung cell damage
using X-ray photographs or CT scan. The coronavirus detection must then al-
ways be simultaneously cross verified with all three detection methods. When
the immune response fails for the first stage, the virus will find its path to enter
the lung. At this final stage, the virus is attached to the lung cells. The death of a
virus, will produce mucus which is the waste left from the protein broken shell,
which in turn clog up the effective average air cell volume, thus changing
through the general gas law: PV/ T'= constant, where Pis the air pressure within
the lung cells, Vis the effective lung cell column. Thus the reduction of V1owers
the 7'in the lung. A severe T drop below 7, leads to even more virus creation
ending in Pneumonia for the patient, and high fever returns again, even with 7>
T.. But before that, the patient can lose the battle for life, before the virus is de-
stroyed by the breaking of the ODLRO transition as the fever’s 7" exceeds 7,
causing the virus self-reduction. Hence, at this last stage, buying time is essential.
The only method then is to keep the effective air and oxygen volume in the lung
as long as possible. Unfortunately, even if the patient recovers from this stage,
his or her lung cells might be permanently compromised, leaving a lifelong

damage.

3. Conclusion and Some Suggestions for the COVID-19
Medication

We look at the HTC crystals. That is formed by simple phase transition from

DOI: 10.4236/0jbiphy.2020.102008

92 Open Journal of Biophysics


https://doi.org/10.4236/ojbiphy.2020.102008

K. W. Wong et al.

liquid to crystal solid, which produces the band structure, with periodic boun-
dary condition. But bio cells do not go through such a phase transition, it is in-
duced by a DLRO within itself. That requires the presence of a DNA, which can
have a gene spectrum from the monopole boson DLRO state. Hence the virus
must be introduced into a patient from outside. It cannot self-develop within the
body. But even with the presence of a virus DNA, that is not enough. The pres-
ence of proteins meaning carbon based flexible structures such as ACE2 must be
present in virus surrounding thermal bath, then through Perelman entropy
mappings it can form the Poincare sphere, which gives the periodic boundary,
such that an ODLRO can exist in the electronic orbitals of the shell via EEM to
satisfy the LRO matching. This requires also the thermal bath 7'< 7. Thus DNA
must always exist first in every process. Now considering 7, specific to the Co-
ronavirus. To form the DNA, out of just RNAs, is not possible. It needs the
original introduction of such a virus DNA into the thermal bath. Then the virus
can be generated. In fact, it can multiply, only when RNAs are also present, like
human reproduction allowing the genome to track the heritage of the virus [8].
Of all the 9 known Coronaviruses, only 3, that are SARS, MERS and COVID-19
shown to be deadly, the remainders act much like the common flu. Hence we
have new DNAs, again all due to DLRO inducing global order. But that needs
energy similar to crystal phase transition. Hence there is another 7{0) for this to
happen. This 7{0) needs not to be < or > than 7 for the EEM 7. The lower 7{0)
the faster the virus can multiply when one breaks up. The break up comes from
multiple possibilities. First, the DNA monopole eigenstate can lose energy to the
thermal bath, due to the Avspectra, the high vfrequency will lose energy just via
conductivity, or 7 raises to 7.. Hence the virus has to obtain energy input, via
extra energy obtained via oxidation in immediate contact. It is this that drives
the virus to multiply and survive, and the reason the virus tries to attach itself to
the respiratory path, where most oxidation process happens. The more RNAs
the spikes carry the faster the virus could evolve, which might make it more or
less transmittable, and might end up less deadly to human? Our aim then to
eliminate the current COVID-19 pandemic must be a medication that will in-
duce COVID-19 to mutate into a new less deadly form, and to find a vaccine
that boosts our immune system to prevent the multiplication of the COVID-19
within our respiratory track.

Because the body’s immune response must be accompanied by a temperature
rise, it is therefore paramount that COVID-19 patients do not take fever reduc-
ing medications.

Through this analysis, we learn not just the progress of COVID-19, but also
how simple life cell model like the coronavirus comes about, as well as the trig-
gering of its necessary evolution. The other results we get from this study, allows
us to model a prevention of its spread. Obviously, that is naturally accomplished
by weather condition changes, through first and foremost the destruction of the

monopole spectrum in the DNA, either by lack of energy supply, or by over
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supply via climate change. In another word COVID-19, is seasonal, similar to
the flu virus. Secondly, as the COVID-19 virus changes, it might either increase
or decrease its ability to transmit, as its survival time changes. Thirdly, once the
body’s immune system recognizes it as an illness, its immune response activation
time is shortened by not requiring a raise in body temperature for the white
blood T-cell to takeout the virus in the respiratory path. In another word, the
body has build-up a natural resistance. Meaning it provides us an immune en-
hancing mechanism for patients by just having a blood infusion, with the like
blood type obtained from COVID-19 100% recovered patients. This process is
safe and needs no long time drug testing. But simultaneously it also induces the
natural evolution of the virus into another type of Coronavirus, such as SARS.
We estimate that the 7. for all coronaviruses lie between 110 - 130°F. With
MERS and SARS near the upper limit, COVID-19 is somewhat lower. That
means its transmission is reduced in the tropics. Perhaps, we may interpret the
current COVID-19 as an evolved form of SARS? And will spread faster. As such,
our medication for SARS might be effective also on COVID-19? Furthermore,
because for the virus to multiply and survive in the body, its spikes need to be
attached to the respiratory path wall, a medication that suppresses that mechan-
ism might also work? That includes medication used for HIV, Malaria and cer-
tain antibiotics which raises the virus formation temperature 7,, as some bac-
terial infection requires that same attachment mechanism to harm the body’s
cell in the patient. During the early stage of the infection constant drinking of
fluid can reduce the virus number along the respiratory upper path by washing
the virus into the stomach, where it cannot survive. Therefore, as for medication,
we might already have many well-tested drugs such as the Malaria drug helpful
to cure COVID-19 for patients in the early stage only. But it is actually danger-
ous when used in patients already in the last stage, where the virus is destroying
the lung. Of course for each of these drugs, testing must be made and effective-
ness and side effects verified. As the northern hemisphere starts warming up due
to approaching summer, we expect the COVID-19 spread to slow. Unfortunate-
ly, it also for the Southern Hemisphere to cool down as there autumn sets in,
and we already observe the pandemic centers to shift there. Implying if we do
not find a vaccine fast and soon, the pandemic cannot be stopped, and will sure-
ly again come back to the northern hemisphere later this year. On the bright
side, if we have a vaccine, after this COVID-19 pandemic ends, the human race
might for its new generation developed the necessary immune to it, or even new
forms of Coronavirus that might come along affecting other mammal species?
As to the pandemic’s effect on the economy of the world, it will certainly put
every country in a sharp depression, at least for 20% decrease in the GDP, or
even more. No pandemic in human history has such an economic effect ever

happened, even far more severe than the Spanish flu of 1919.
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Abstract

Solid-state nanopore DNA sequencing modified method is developed. Me-
thod is based on the tunnel current investigation through the nanogap made
on lateral gold electrodes in the form of nanowires or nanoribbons. The
movement of DNA in aqueous solution is regulated by the potential applied
to reference electrode. The potential applied to the lateral metal electrodes
helps to the creation of the molecular junctions. They consist of the nucleo-
sides passing through the pores. Taking into account that DNA moves under
gravity, electrophoretic and drag forces, the analytic expression for the DNA
translocation speed is calculated and analyzed. The conditions for decreasing
the DNA translocation speed or increasing the nucleosides reading time are
received. It is shown that one can control value of the DNA molecules bases
reading time and the frequency of the bases passes by the choice of magni-
tude of the potential applied to reference electrode. Our results, therefore po-
tentially suggest a realistic, inherently design-specific, high-throughput na-
nopore DNA sequencing device/cell as a de-novo alternative to the existing
methods.

Keywords
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1. Introduction

The process of DNA sequencing is a precise determination of the amount and
distribution of the nucleotides in DNA molecules. Quick improvements in the

cost and speed of DNA sequencing are having a strong influence on comprehen-
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sive genome research. Methods of DNA sequencing and their application are
detailed analyzed in [1]. In the past decade, the single-nanometer-scale pores
demonstrated great capability for the detection, identification, and characteriza-
tion of DNA [2] [3] and RNA [4] [5]. In recent years, rapid advances have been
made and many construction’s architectures have been put forward for novel
approaches to bio-molecular sensing using nanoelectronics, including the advent
of tunnel junctions as a sensing platform. Within the past decade, nanogap elec-
trodes have attracted a lot of attention because of their potential applications in
the progressive miniaturization of electronics and as nanoscale tool for analysis
of single molecular properties. DNA bases can be identified statistically in na-
nopore translocation events. Nanogap electrodes can be simply defined as a pair
of electrodes with a gap that can be measured in nanometers. The transport dy-
namics of the charged molecules in the nanosize constructions located in
aqueous solution environment is the result of multiple factors including, elec-
trostatic and hydrodynamic interactions, drift and diffusion.

One major challenge of nanopore-based DNA sequencing technology is to
find an efficient way to reduce DNA translocation speed. It is necessary that each
nucleotide can reside long enough in the measuring pore for creation molecular
junctions. Magnitudes of those current will help identification of nucleotides [6].
In order to take control of the DNA molecule translation process, various theo-
ries and approaches have been put forward in recent decades.

Authors of Ref. [7] considered that the reasonable value of the DNA translo-
cation speed is near to 0.01 - 1 ms per base, which is equivalent to (10 - 1000)
bases/s. Peng and Ling reversed the DNA translocation and achieved an average
speed of 0.0096 bases/us = 9600 bases/s [8]. As the translocation times depend
strongly on the nucleotide type [9], imply that polymer-pore interactions, rather
than the more generic hydrodynamic drag, play an important role in determin-
ing the translocation dynamics. The interaction of the polymer with pores is de-
scribed in detail in [9]. In [10], the authors propose a feedback device architec-
ture for regulating DNA translocation by modulating the effective surface charge
density of a nanopore wall. It was shown that the rate of DNA movement can be
reduced at a rate of about 55 mm/s per 1 mV/nm. The review [11] focuses on a
single aspect in the transport dynamics of a polymer drawn inside a nanoscopic
channel. Primarily, the dynamics of polynucleotides is discussed. Some of the
concepts that are discussed in [11] apply to uncharged polymers.

Thus, a key challenge to DNA sequencing with nanopores is to find methods
to slow down and control DNA translocation. DNA translocation speeds can be
reduced somewhat by decreasing temperature [12] [13], or increasing solvent
viscosity [7] [14], but these methods do not reduce the variations in the translo-
cation dynamics because of DNA-pore interactions [15] [16] [17] [18]. Problems
of controlling DNA motion and translocation in a nanopore analyzed also in
[19]. The detailed analyses of the literature data, some critical considerations and

the potential ways of optimization of DNA nanopore sequencing were presented
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in [20]. Some characteristics of ISFET and EIS based DNA sensors are analyzed
detailed by us in [21] [22].

In this paper a modified architecture/design for measuring cell of DNA se-
quencing using tunneling current is offered in order to control and optimize the
translocation speed of the DNA molecules. We study the features of the dynam-
ics of the movement of DNA molecule in an aqueous solution under gravity,
electrophoretic and drag forces in order to reduce the rate of movement of the
DNA and increase DNA reading time.

2. DNA Dynamics and DNA Speed in Aqueous Solution

In Figure 1 the scheme of architecture/design for investigation of DNA nucleo-
sides sequencing by the solid state nanopore modified method is presented. The
electrolytic cell filled by aqueous solution provides with nanopore, reference and
back electrodes (RE and BE). The electrical potential applied on the RE/BE
promotes directional movement of the charged DNA molecules under the action
of an electric field. The potential applied to the lateral metal electrodes M1 and
M2 facilitates the creation of molecular junctions with nucleosides. A nanopore
consisting of gold electrodes is covered by insulator layer. Contacts to nanopore
can be made in the form of nanowires or nano-ribbons (Figure 1(c)). Contacts
surface area coated by the insulator layer for its protection and for not letting the
negatively charged molecules stick the surface of the electrodes. Capture of DNA
molecules on the gold electrode surface will create “false” currents and distort
the useful signal. If necessary, many nanopores can be mounted in a cell and a
multi-nanopore chamber can be created and at the same time many DNA mo-
lecules can be studied (Figure 1(b)). In Figure 1(d) example of molecular junc-
tion M1-DNA GC base pair-M2 is presented.

At the bare pore under applied voltage V between metallic electrodes M1 and
M2 flow only low ionic current of electrolyte 7, in order to pA [6] [23] [24].
Ionic current through the channel sharply decreases (is blockade) while the
DNA molecule move under the gravity P, electrophoretic force F, (migra-
tion under applied potential on the reference electrode), drag force F, and
diffusion (connected with ions concentration gradient in solution) become to
the pore and blockade the ionic current. When some of nucleotides of DNA
[adenine (A), guanine (G), thymine (T), cytosine (C), nucleotide pairs GC, AT,
etc.] captured between gold electrodes, they create the electronic bridge and
consequently molecular junctions (at the V' #0, see [6]). So, DNA bases can
create individual electronic bridges between gold electrodes and across a pore
(through the nucleotide junction) that will flow only tunnel current. Metal elec-
trodes can be made in the form of nanowires/nanoribbons to create, if possible, a
large area of coverage of the coming close DNA molecules with several orienta-
tions (Figure 1(c)). Such a design of the electrodes can be realized using me-
chanically controllable break-junction (MCBJ) [25] [26] [27], scanning tunnel
microscope (STM) [28] or atomic force microscope (AFM) [29] techniques.
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Figure 1. (a) The measurement cell of investigation of DNA nucleosides by the solid state
nanopore modified method. (b) Multi-nanopore (4 nanopore) design. (c) Nanogape with
nanowire or nanoribbon gold electrodes. (d) Example of molecular junction M1-DNA
GC base pair-M2. The potential applied to the electrodes [Au(111)] facilitates the creation
of a molecular junction with nucleosides. The Au(111) substrate was chosen as a noble
inert substrate to minimize molecule-substrate interactions. Vertical ionic current 7,

depend with potential ¥, applied to RE. Lateral ionic current [, conditioned by po-

tential applied to metallic electrodes. RE means reference electrode, BE means back elec-
trode. It is showing also the gravity ( P ), electrophoretic (F, ) and drag ( F ) forces, in-

fluences on molecules and controlled their movement.

Such a design of electrodes will contribute to almost ~100 percent creation of
molecular junctions at any orientation of the DNA. The gap between electrodes
must be so narrow that only one DNA molecule passes through it.

For effective reading of nucleotides, it is necessary that they move vertically.
The vertically directional movement of the molecule will be determined by the
resulting force F

F=P+F +F, 1)

Let’s assume that distribution of the DNA molecules in aqueous solution is
homogeneous and DNA concentration gradient in the solution is absence or

very small. Then ignoring the role of diffusion and considering that

V. 1
|P|:m0g, |Fe|=q80=%’ |FD|:EPUZCDA’ (2)

0

for the magnitude of the resulting force we can write:

1
F=m0g+|q50|—EpUZCDA. (3)
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Here m, is the mass of DNA molecule, ¥} is the applied voltage on the
reference electrode, [, is the distance between RE and nanogap, & =V,/l, is
the electric field acting on DNA, g = 9.80665 m/s’, ¢ is the negative charge of
DNA, v is the speed of the molecule relative to the aqueous solution, A is the
molecule cross sectional area, p is the density of the solution', and C,, is the
drag coefficient—a dimensionless number”.

Let’s discuss the magnitudes of |P|, |F,| and |F|.

For definiteness assume that DNA consists only from N, blocks of A, G, C
and T nucleotides. Then for m, we have:

my =N, (m, +mg+m, +mc):%(MA+MG +M,+M.)
A

N
:N_n>< |:MA (CsHsNs) + M (CHsN;O) + M, (CsHeN,O, ) + M. (C4H5N3O)]

A4

N, x[5x(12+1+14)+(12+5><1+5><14+16)
A

N
+(5x12+6x1+2x14+ 2><16)+(4><12+5><1+3><14+16)]
~ 8 >< 10_22 Nn g = mI’INI’I kg

m, =8x10%°kg .
Here N, isthe Avogadro number, m, isthe mass of group from four nucleo-
tides, M,, M,, M, and M, are the molecular masses of adenine
(CsH:N;), guanine (CH,N;O), thymine (C,HN,O,) and cytosine (C,H;N,0),
correspondingly. For example, at the N, =1000, we have m, ~8x10*kg and

|P|=7.84x10%N. (4)

The value of F, dependson &, and for example at the single charged DNA
(g=e=16x10"C), ¥, =2V andatthe /;=1cm forthe |F,| we have:

F|=L2-32x107N. (5)
0

Lets’ consider the value F,. Taking p~1g/cm®=10°kg/m* (as a water,
nd®

pH = 7), C,~042 [9], A= ~3.8x10®m? (d=~2.2nm is the DNA

diameter [31]) we receive

'Density of the fluid determined by the expression p =3.4465 x10° +1.0048 g/ml [30], where &
is the percent composition. Density of the fluid changed very little, e.g. at the 0<5<20,
l<p<lig/ml.

’The drag coefficient C, depends on the shape of the object and on the Reynolds number
R, =vD]/v, . Here D is some characteristic diameter or linear dimension and v, is the kinematic
viscosity of the fluid. Atlow R, C, isasymptotically proportional to R, which means that the
drag is linearly proportional to the speed. At high R C, is more or less constant and drag will
vary as the square of the speed. In the case of high velocity, in general, C, a function of the orien-

tation of the flow with respect to the molecule (apart from symmetrical objects like a sphere). As-
suming that surface area of the DNA molecule end is the half-sphere in further calculations we can

take C,~0.42 [9].
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|Fp|~7.98x100% N. (6)

Where molecule speed v given in m/s.

Now let’s determine functional dependency of molecule translocation speed
v vs. other parameters, especially vs. 7, and /,. Molecule move under re-
sulting force (3). Kinetic energy of the molecule is equal to work of resulting
force. Taking the aqueous solution surface as the origin of coordinate and as-
sume that initial coordinate of molecule is the /. (Figure 1) and DNA initial

speed is v, we can write

2
I 2

Then on the distance (/, —/,) molecule will accumulate the kinetic energy
equal to work of resulting force and

.
F (1 —l,,):@, ™)
or
.
mog +|g,| —%pUZCDA - m;g:: ,-i)) ,
and

12
o Z(mogiqgo)
v Ui_{mo/(lo—l,)+pCDA} . ®

One of significant problems of DNA sequencing is to decrease translocation
speed. Assume that molecule starts moving from upper side of chamber (/,=0)
with zero starting speed (v, =0). For regulating the DNA speed as variable pa-
rameters, we can choose [, and & . It is clear also that v>0 and for mini-

« »

mizing v we must put “-” signin (8) before ¢&, and consider the condition

Imog|>|g,| or & =8 <M ©)
ly q

Then expression (8) we can rewrite as

1/2

2 —

v= 2mog=a&) | (10)
my /1y + pCpA

At the m, ~8x10% kg (N, =10°), g=e=16x10"°C and g~10m/s® the
condition (9) equivalent to:

& <5x107%V/m.

Measurements of blockade current of ssDNA in [32] imply that, while poly-
mers longer than the pore they are translocated at a constant speed, the velocity
of shorter polymers increases with decreasing length. Note that unlike our case
in [32] polarity of the potential applied to gate electrode and electric force di-
rected to opposite (Figure 1(a) in [32]), and velocity quadratically depends on
applied field.
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As we can see the magnitude of DNA translocation speed strongly depend on
& and the DNA size, particularly on N, . Using the above parameters, we ob-
tain

m,N,

1 z5x10_8Nn.
pCLAlL

For the “optimal” case N, <2x10° from (10) we have

ver N, |

The schematic behaviors of the molecule speed vs. & and N, areshown in
Figure 2. DNA translocation speed dramatically decreases with the electric field.
About such behavior of v(&,) is noted also in [10] [11]. Note that the calcu-
lated results of [11] predict that for long polymers the translocation mean veloc-
ity, defined as the ratio of the polymer contour length and the average first pas-
sage time, approaches a constant value that does not depend on N, . This type
of dependence is consistent with our dependencies at the higher values of N,
(saturation of v (N, )) (Figure 2(b)).

For receiving low value of speed, we need to minimalized term (myg — g&; ) by
the varying & and N, .Problem is to find optimal values of &,.

Let’s introduce dimensionless electric field strength £ and dimensionless
speed v, as follows:

8= qgo

14 PCo AL (11)

D)
—, UL, =
myg ’ V2l my

Now expression (10) we can rewrite as follows:

Uoz(l—g)l/z, or Igu0=%lg(l—5). (12)

For receive low speed it is necessary that (1—£) will be minimal, or with values
of & very close to unity.

Numerical calculations of the DNA translocation speed vs. (1-&) are car-
ried out. Results of numerical analyzes for DNA three sizes (N, =10°, N, =40
and N, =10) presented in Table 1. Low magnitude of v is obtained with

(a) (b)
Figure 2. Schematic dependency of the molecule speed vs. & (a)and N, (b).
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Table 1. Numerical data of the DNA translocation speed for cases N, =1000, 40 and 10.

N, =1000
1-¢& 10° 107 107 107 10 1071
lg(1-¢) -5 -6 -7 -8 -9 -10
&, mV/em 0.0499995 0.04999995 0.049999995 0.0499999995 0.04999999995 0.049999999995
Igo, -5/2 -3 -7/2 -4 -9/2 -5
v, 1072 107 1077 107 1072 107
v, nm/s 3.166x107* =10° 3.166x10° 3.166x10"* =10° 3.166x10° 3.166x10%* =10%) 31.66
N, =40
1-¢& 107° 107 107 107 107° 1071
lg(1-¢) -5 -6 -7 -8 -9 -10
&, Vicm 0.0499995 0.04999995 0.049999995 0.0499999995 0.04999999995 0.049999999995
Igu, -5/2 -3 -7/2 -4 -9/2 -5
v, 1072 107 10777 107 1072 10°°
v, nm/s 6.33x10%* = 2000) 6.33x10° =633 6.33x10%* = 200 63.3 20 6.33
N, =10
1-¢& 107° 107 107 107 107 1071
lg(1-¢) -5 -6 -7 -8 -9 -10
&, Viem 0.0499995 0.04999995 0.049999995 0.0499999995 0.04999999995 0.049999999995
Igu, -5/2 -3 -7/2 -4 -9/2 -5
v, 1072 107 10777 107 1072 10°°
v, nm/s 3.166x10%* =10° 317 3.166x10%* =100 32 3.166x10"* =10) 3

low values of & and for short DNA (low values of N, ). For comparison in

Table 2 is presented some literature data of DNA translocation speed.

The comparison of the results of Table 1 and Table 2 shows the advantage of

the proposed method of reducing the translocation speed. Speed control is
achieved through the accurate compensation of gravity and drag forces. This can
be achieved by controlling the potential of the reference electrode. By adjusting
the size of DNA molecule and increasing the accuracy of changing of the refer-
ence electrode potential, the translocation speed can be significantly reduced
(see cases N, =40 or 10).

In Figure 3 the logarithmic dependency of dimensionless DNA translocation
speed vs. dimensionless field € is presented for the case N, =40 according
to data of Table 1. This graph built for the case of the optimal values of
V,=0.001V and /,=0.02m. In this linear dependency it also shows corres-
ponding values of DNA molecule translocation speed in nm/s units for several
values of Ig(1-¢).

The main difficulty of such way to decrease translocation speed conditioned
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Table 2. Literature data of DNA translocation speed.

DNA read speed, bases/s (nm/s) 10 - 1000 9600 55,000 70,000,000

References [7] [8] [10] [33]

Figure 3. Logarithmic dependency of DNA translocation dimensionless speed vs. dimen-

sionless electric field. It is shown values of molecules speed in nm/s for the case N, =40
(the data on the right site) and N, =1000 (the data on the left site).

by the very slightly changing of electric field &, . The translocation velocity va-
ries also depend on parameters such as the electrical potential, the type of nano-
pore, and whether the DNA is single-stranded or double-stranded (see also
(34]).

Elevator Method

An alternative method for reducing DNA translocation time can be the so-called
“elevator method”. By the elevator method, we mean the situation when the na-
nopore construction (metallic electrodes) moves parallel to Z axis along with the
DNA (Figure 1). Moreover, the speed of movement of a nanopore must be ap-
proximately equal to or slightly weaker than the speed of movement of DNA.
The “elevator method” can be easily implemented in Space (in the Shuttle)
without gravity. At the same time, the depth of the cell with an aqueous solution
must be quite large so that during the time of passage of the nanopore, at least
several DNA molecules can pass through the pore. In this case, the time of pas-
sage of the molecule around the electrodes will increase, and the time it takes to
read the molecule will be relatively long. The movement of the electrodes can
only be adjusted mechanically. Regulation of the pore movement speed by elec-
tromagnetic forces is probably impossible, because firstly the electrodes them-
selves are charged and secondly, they must move in the field created by the po-
tential V.

3. DNA Molecules Reading (Translocation) Time

Time for DNA molecules reading (translocation) can be set by the duration of
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the electric pulse on the metal electrodes (see [6]). Denote this time by ¢, .
By the sizes of gap between nucleotides d, =0.34nm (see [35]) we can de-
termine the time of absence of the applied impulses on the metallic electrodes

[6]. This time can be calculated according to formula ¢, =d, /v, or

1/2
, =d, o+ pCpdly | (13)
2(mogly —qV;)

The period of the pulses applied to the gold electrodes will be
T=t +t,. (14)

The frequency of the base’s passes (i.e. electrical pulses applied to lateral gold
electrodes) will be
1 1

T onl 2n(t, +1,) =

f

Here ¢ is the time for DNA molecules bases (A, T, C or G) reading (transloca-
tion), and

l,= hA(T,c,G)/U > (16)

Pyrcc) is the vertical size of corresponding nucleotides (%, ¢ )ma = fic
=0.583nm [see Appendix]), d,=0.34nm is the size of gap between nucleo-
sides [35].

Example 1: 7,=0.001V and [,=0.02m, N,=40; 1-£=10"°, and
v=633nm/s, we get f~110Hz, ¢ ~9x10*s=09ms; 1-£=10", and
v=2000nm/s,we get f~345Hz, z ~3x10*s=0.3ms.

Example 2: /,=0.001V and [,=0.02m, N,=1000; 1-£=10"°, and
v=3170nm/s, we get f~547Hz; ¢ ~2x10*s=0.2ms; 1-£=10", and
v =10,000 nm/s, we get f ~1725Hz; ¢ ~6x10°s=0.06 ms.

If ¢is the passing full time for one DNA molecule through nanopore and N,
is the number of bases groups in DNA, we can write

uJ%, (17)

where

Iona =N, (hy +hy +hg +ho )+ (N, -1)d, (18)

is the DNA total length consisting only groups with four bases. Here #h, =
0.480nm, Ak, =0.504nm, h;=0.514nm and A.=0.583nm are the sizes
in direction of Z axis of adenine, thymine, guanine and cytosine, correspon-
dingly (see Appendix).
In the other hand
t=N,, +(N,-1)t, .

4

(19)

For example, for the case 7, =3x10"s, ¢, =5.37x107*s and N, =40, we
get t~0.031s.

It is quite large and measurable time for reading of DNA sequencing.
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We can control value of ¢, and £by the choice magnitudes of ¥, and /.
For comparison note that in Ref. [7] the reasonable value of the DNA transloca-
tion speed is near to 0.01 - 1 ms per base considered. It is more short time com-
pared with 0.031 s. Note that all of the biological and synthetic nanopores have
barrels of ~5 nm (which is considerably longer than the base-to-base distance of
3.4 A) in thickness and accommodate ~10 - 15 nucleotides at a time. It is, there-
fore, impossible to achieve single-base resolution using blockage current mea-
surements. In addition, the average rate at which a polymer typically translocates
through a nanopore is on the order of 1 nucleotide/us (i.e, on the order of MHz

detection), which is too fast to resolve.

4. Conclusions

Solid-state nanopore DNA sequencing modified method is developed and pre-
sented. The nanogap is made on gold electrodes in the form of nanowires or
nanoribbons. A detailed analysis of the dynamics of a DNA molecule in an
aqueous solution is carried out. For the first time in analytical calculations, all
forces acting on DNA molecules are taken into account. The movement of DNA
in aqueous solution is regulated by the potential applied to reference electrode.
Taking into consideration that DNA moves under gravity, electrophoretic and
drag forces of the expression for the DNA translocation speed are calculated and
analyzed. The conditions for decreasing the DNA translocation speed or in-
creasing reading time are received. Carried numerical calculations show that in-
creasing the reading time is associated with the problem of very subtle regulation
of the electric field strength acting on DNA molecule.

Based on the modified method proposed above it is possible to successfully de-
crease molecule translocation time and increase its reading time. It will give possibil-
ity of enlarging the passing time of tunnel current through gold-nucleotide-gold
junction and more precisely determine and identify nucleotide type crating an
electrical bridge between electrodes [6]. Our results therefore potentially suggest
a realistic, inherently design-specific, high-throughput nanopore DNA sequenc-
ing device/cell as a de-novo alternative to the existing methods.

The amount of tunnel current which can pass through the nanopore at any
given moment therefore varies depending on whether the nanopore is bounded
by an A, T, C or G nucleotide. The change in the current through the nanopore
as the DNA molecule passes through the nanopore represents a direct reading of
the DNA sequence. Such behavior is ordinary. Analyses of the tunnel currents
responsible for nitrogenous bases in DNA are developed and presented by us in
[6].

It has been shown that one can control value of the DNA molecules bases
reading time and the frequency of the electrical pulses applied to lateral elec-
trodes by the choice of magnitude of the potential of the reference electrode. It is
shown that DNA reading time can be quite large and measurable value in order

to 10’ bases/s. The conditions of lengthening of the reading time are determined.
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Appendix

For calculations of nucleosides sizes, we use data for the covalent radii some
elements presented in Table Al [36].

Table A1. The covalent radii some elements in nm [36].

Element Single bond Double bond Triple bond
H 0.032
C 0.075 0.067 0.060
N 0.071 0.060 0.054
O 0.063 0.052 0.053

Let's denote the vertical size of the nucleotides through 4, and the horizontal
size—through / Indexes H-C (or C-H), C=N etc. means single and double bonds
between corresponding elements.

Adenine (C;H;N,)

l,=1,.c0830+/._, c0S30+/ . C0s30+/._, COS18+/ - SiN36 + /.,
=[0.107 +0.127 +0.146]x 0.866 + 0.127 x 0.9511
+0.146x0.5878 +0.107
=0.3291+0.1208 + 0.094 + 0.107 = 0.651 nm

hy=he_ySIN30 + Ay + Ay SIN30+ Ae y + Ay, SIN30
=(0.067 +0.06 +0.075+0.071+0.032+0.071)x 0.5
+2x(0.071+0.075)
=0.188+0.292 =0.48 nm

Guanine (CH.N;O)
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I = hyp €030 + Ay 0530 + A_y €0S30 + Ay . c0S30
+ 1. COS18 + [ SIN36 + .,
=(0.032+0.071+0.071+0.075+0.067 +0.06 + 0.071+0.075) x 0.866
+(0.075+0.071)(0.9511+ 0.5878) +(0.075+0.032)
=0.4521+0.2247 + 0.082 =0.784 nm
he = hy + hyc €060+ A + hy o COS60 + /._g
=0.032+0.071+2x0.5x(0.075+0.071)
+0.075+0.071+0.067 + 0.052
=0.514 nm

Thymine (C;HN,0,)

\4

I =(lyc +loc +loe 1oy + 1y ) X €0530
=(0.032+0.075+0.075+0.075+0.075+0.075
+0.075+0.071+0.071+0.032) x 0.866
=0.656 nm
hy =hg_c +heSIN30+ he_c + b SIN30+ Ay,
=0.052+0.067 +(0.075+0.075+0.075+0.071)x 0.5

+0.067 +0.067 +0.071+0.032
=0.504 nm
Cytosine (C,H;N,O)
A
|
Ho 'N\C”O
he 01
H/C\cl:é N
N
v H/ \H

l. =1,,c0830+/, c0s30+ /. cos30+/._, cos30
=(0.032+0.075+0.075+0.071+0.071
+0.075+0.067 +0.052) x 0.866
=0.449 nm
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he =hy SIN30+ Ay + b SIN30 + A _c + by SIN30 + Ay,
=(0.032+0.071+0.075+0.075+0.075+0.071)x 0.5
+0.071+0.075+0.067 +0.067 + 0.071+0.032
=0.583nm
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