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Abstract: To investigate the feasibility of culturing edible microbes, classified
as probiotics for human consumption, in commercially available, naturally
radioactive, mineral water; to compare their viability with that of the same
microbes cultured in deuterium-depleted water. A diversified array of probiotics
was cultured in two different naturally radioactive mineral waters, or in
deuterium-depleted water in order to assess the effects of different culture
conditions on microbial viability. Prebiotic microbes for human consumption
(cyanobacteria) that are extremely resistant to radiations, were cultured together
with the probiotics in a naturally radioactive carbonated mineral water containing
silica from vegetal origin introduced to enhance horizontal gene transfer. This
co-culture had the goal of transferring radiation resistance from the
cyanobacteria to the probiotics. The experiments and the observations
described in this study were conducted from April 2020 until March 2021.
Culturing microbes in naturally radioactive mineral water yielded one order of
magnitude more live microbial cells in comparison with culturing in
deuterium-depleted water. In silico observations suggest that expression of
DNA repair genes in cyanobacteria is induced by co-culturing conditions in a
medium of carbonated mineral water naturally containing the radioactive
isotopes 22U and 2%Ra. The results presented in this study lay the foundation for
the development of a novel approach to protection against electromagnetic fields
comprising ionizing and non-ionizing radiations. In silico observations and
preliminary results on subjects exposed to common electromagnetic fields under
real-life conditions, support the hypothesis that co-cultures of radiation-resistant
cyanobacteria and probiotics in naturally radioactive, carbonated mineral water
may confer protection against the harmful effects of electromagnetic fields.
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Introduction

For more than thirty years, | have studied the
biological effects of different types of energy, ranging
from static magnetic fields to ionizing and non-ionizing
radiations and ultrasounds, on normal and transformed
cells in culture, embryos and organisms, with particular
reference to changes in signal transduction, gene
expression, cell morphology and clinical responses
(Casamassima et al., 1989; Orlandini et al., 1991;
Ruggiero et al., 1992; Vincenzini et al., 1993; Pacini et al.,
19943; 1994b; 1995; Chiarugi et al., 1995; Mazzanti et al.,
1996; Santucci et al., 1996; Pacini et al., 1999a; 1999b;
1999c; Casamassima et al., 1999; Pacini et al., 2002; 2003;
Ruggiero et al., 2004; Pacini et al., 2006; Ruggiero, 2008;
Ruggiero et al., 2013; Bradstreet et al., 2014; Ruggiero and
Aterini, 2015; Klinghardt, 2017; Branca et al., 2018).
Certain types of eukaryotic cells, notably certain types of
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cancer cells (Vincenzini et al., 1993; Pacini et al., 1994a;
1994b; 1995; Chiarugi et al., 1995; Mazzanti et al., 1996;
Santucci et al.,, 1996; Pacini et al., 1999a), show
resistance to the killing effects of ionizing radiations, a
phenomenon that, in the context of radiotherapy of cancer,
may represent an obstacle to effective treatment
(Casamassima et al., 1999). Most prokaryotic cells are
sensitive to the killing effects of ionizing radiations and
even to weak electromagnetic fields such as those
generated by the physiologic electric activity of human
cells in vivo (Ruggiero and Aterini, 2015). However,
certain prokaryotes, such as cyanobacteria, exhibit
extremely high resistance to the Killing effects of
ionizing radiations (Badri et al., 2015). A notable
example is represented by Arthrospira platensis, a
bacterium that survives exposure to gamma-rays up to
6,400 Gray units (Gy) with a dose rate of 527 Gyh!
(Badri et al., 2015) [for comparison, the median human
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lethal radiation dose computed from data on occupants
of reinforced concrete structures in Nagasaki, Japan, is
around 3 Gy (Levin et al., 1992)].

In this experimental research study, | describe the
behavior of commensal microbes classified as probiotics
challenged with commercially available, naturally
radioactive, mineral water. This investigation was
prompted by the consideration that probiotics are
consumed in increasingly large amount for their health
supporting properties (Puértolas-Balint and Schroeder,
2020) and, since their efficacy lays in the ability to colonize
the intestine, it is interesting to assess whether drinkable
naturally radioactive mineral water affects microbial
viability. The results obtained culturing an array of
probiotics in naturally radioactive mineral water were
compared with the results obtained culturing the same array
of probiotics in deuterium-depleted water. Furthermore, the
role of Arthrospira platensis in conferring radiation
resistance was evaluated. This bacterium, in addition of
being extraordinarily resistant to ionizing radiations, is
considered a prebiotic since it favors the growth of
probiotic microbes. Therefore, it can be hypothesized that
co-culturing Arthrospira platensis with probiotics, in the
presence of naturally radioactive mineral water, may yield
information on possible horizontal transfer of information
between radio-resistant and radio-sensitive microbes.

Materials and Methods
Radioactive Mineral Waters

Two types of commercially available, naturally
radioactive, mineral waters were used. Analyses for
minerals and radioactivity in both types of water had been
previously performed and published by the Institutfir
Pflanzenerndhrung und Bodenkunde, Braunschweig,
Germany (Fleckenstein and Schnug, 2001). The first type
of radioactive water, termed "A", was used to compare the
viability of cells of an array of probiotics cultured in
radioactive water versus the same probiotics cultured in
deuterium-depleted water. Composition of the first water,
termed A, as far as minerals and radioactive isotopes are
concerned is the following:

pH 5.5
HCO®* 483 mg/L
Ca* 486 mg/L

Cl 8.6 mg/L
Mg?* 84 mg/L

Na* 9.1 mg/L

K* 3.2mg/L
SO* 1,187 mg/L
226Ra 55mBg 17
Uranium 1.40 mBg1+?

Main minerals 2,181 mg/L
Radioactivity from ?2Ra + Uranium (%38U): 40.9 mBq 1*
Radioactivity from Uranium: 86%

The second type of radioactive water, termed B, was
used for co-culturing Arthrospira platensis with an
array of probiotics whose composition is described
below. Composition of the second water, termed B, as
far as minerals and radioactive isotopes are concerned
is the following:

pH 7.84

HCO3®* 223 mg/L
Ca* 208.0 mg/L
CI 68 mg/L

Mg?* 53.5 mg/L
Na* 42 mg/L

K* 2.8mg/L

So* 534.6 mg/L
226Ra 152 mBq 1
Uranium 217.7mBqg 1!

Main minerals 1,132 mg/L
Radioactivity from 2%Ra + Uranium (**8U): 369.7 mBq 1°*
Radioactivity from Uranium: 59%

At variance with water A, water B is carbonated. The
rationale to choose a carbonated mineral water with these
values of natural radioactivity lays in the goal of
stimulating adaptogenic responses in radio-resistant
cyanobacteria that are known to up-regulate genes
involved with DNA repair and protection as consequence
of exposure to radiations (Badri et al., 2015).

Deuterium-Depleted Water

Deuterium-depleted water was purchased from
Litewater Scientific (Reno, NV, USA). According to the
Company's website (www.drinklitewater.com) this water
has a 94-97% lower concentration of deuterium than
regular water. This water is obtained from a natural
artesian well in the Russian Federation, in the state of
Tambov; it is purified by membrane technology and then
processed by a method known as low-temperature
vacuum rectification that is claimed to remove up to 97%
of the deuterium in water.

Characteristics of the Probiotic Blend

The probiotic blend was kindly donated by Silver
Spring Sagl (Arzo, Switzerland); it contains probiotic
microbes that are members of the families of
Streptococcaceae, Lactobacillaceae, Leuconostocaceae,
Bifidobacteriaceae andThermaceae. The blend contains
also lyophilized kefir grains that are characterized by a
complex composition. The unique microbial composition
of this probiotic blend is described in detail in two recent
articles (Pacini and Ruggiero,2019a; 2019b). It has been
observed that human consumption of this blend was
associated with detoxification of non-metal toxicants
(Blythe et al., 2017), decrease of serum alpha-N-
acetylgalactosaminidase (nagalase) activity (Blythe et al.,
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2017; Carter et al., 2020), decrease of serum C-Reactive
Protein (CRP) (Carter et al., 2020), decrease of markers
specific for multiple myeloma (Antonucci et al., 2019) and
decrease of viral load in Hepatitis B (Zunaid et al., 2020).

Determination of Microbial Viability in Radioactive
Water A and Deuterium-Depleted Water

In one arm of the experiment, radioactive water A was
used; in the other arm, deuterium-depleted water was
used. 45 g of hemp seed proteins were added to 500 mL
of each type water. The mixture of water and hemp seed
proteins was boiled for 10 s; after that, it was cooled at
room temperature (22°C). When the mixture had reached
room temperature, the following ingredients were added:
Lemon juice (7.5 g); cane sugar (25 g); apple cider
vinegar (5 g); probiotic blend (2.5 g). The mixture was
left at room temperature for a total of 48 h; after the first
24 h, the mixture was gently stirred. After that, the
fermented product was gently mixed and then
lyophilized using an apparatus provided by Zhengzhou
Hento Machinery Ltd (Zhengzhou City, Henan, China).
Yield was 12.64% for the preparation using radioactive
water A and 12.69% for the preparation using
deuterium-depleted water. The lyophilized powders, one
containing the microbes cultured in radioactive water A
and the other the microbes cultured in deuterium-depleted
water, were then analyzed by an independent laboratory
(Biolab Research Srl, Novara, Italy) for the count of
viable cells using flow cytometry.

Method for Co-Culturing in Radioactive Water B

The method described here was for 1 L of product. As
first step, the radioactive carbonated mineral water
designated B was brought to room temperature (22-25°C).
Then, the following ingredients were added: 40 g of
Equisetum arvense; 40 g of white sugar; 16 mL of lemon
juice; 10 mL of apple cider vinegar; 45 g of Arthrospira
platensis; 10 g of the probiotic blend described above.
Once these ingredients had been added, the solution was
gently mixed by stirring at time 0, that is immediately
after addition of the ingredients, 12, 24 and 36 h
thereafter. Temperature of the mixture was maintained
between 36 and 39°C for a total incubation time of 48 h.
After 48 h incubation, the solution was gently mixed and
lyophilized using the method described above. The
method described above has been used as the basis for a
proprietary procedure of fermentation aimed at
manufacturing a supplement for human consumption
designated "Praesidium” (Praesidium Life Limited,
Auckland, New Zealand). Consistent with the method
described above, this supplement contains fermented
Spirulina (a biomass of edible cyanobacteria that
encompasses Arthrospira platensis); fermented horsetail
(Equisetum); sugar; lemon juice; apple cider vinegar;
cultured kefir grains and the following probiotic strains:
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Bifidobacterium infantis, Bifidobacterium bifidum,
Bifidobacterium lactis, Bifidobacterium longum.

Study of Amino Acid Sequences and Protein
Structures

Study and comparisons of amino acid sequences,
alignments and study of protein structures were
performed using the dedicated programs developed by
The Universal Protein Resource (UniProt) Consortium, a
comprehensive resource for protein sequence and
annotation data (UniProt Consortium, 2019).

The experiments and the observations described in this
study were conducted from April 2020 until March 2021.

Results

Figure 1, shows the products obtained by culturing
microbes in radioactive mineral water (A) and deuterium-
depleted water, as they appear after lyophilization.

Determination of viable cells by flow cytometry
demonstrated that, in the sample derived from culturing in
naturally radioactive mineral water A, there were
2.36x10° viable cells per g of lyophilized powder; in the
sample derived from culturing in deuterium-depleted
water, there were 8.48x10° viable cells per g of
Iyophilized powder. These results demonstrate that
viability of commensal microbes classified as probiotics
is higher in a naturally radioactive mineral water as
compared with deuterium-depleted water. It should be
noticed, however, that the mineral composition of the
two waters is different; therefore, further studies are
warranted to ascertain whether the observed differences
are due to natural radioactivity or other factors such as
mineral composition.

Whatever the case, these results demonstrated the
feasibility of culturing probiotics for human consumption
in naturally radioactive mineral water with no apparent
detriment to microbial viability. Therefore, based on these
results, experiments were performed to assess the
feasibility of co-culturing the probiotic blend mentioned
above, together with Arthrospira platensis and Equisetum
arvense, this time using a much more radioactive water,
that is the water designated B, whose composition is
described in Materials and Methods. The rationale for
such an experiment lays in the continuous and
simultaneous exposure to electromagnetic radiations
(from natural radioactivity) and induction of
photosynthesis from the Cherenkov radiation, a radiation
that is a consequence of radioactivity in water. Thus, in
the absence of Cherenkov radiation, cyanobacteria such
as Arhtrospira down-regulate the genes presiding to
photosynthesis when exposed to radiations such as
gamma-rays and, at the same time, up-regulate the genes
that protect them from the harmful effects of radiations
(Badri et al., 2015).
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Fig. 1: Appearance of the products of lyophilization of microbes cultures in radioactive mineral water designated A (left panel) and
deuterium-depleted water (right panel). Culture conditions and procedure of lyophilization are described in the Materials and

Methods. The two powders appear identical

In the experiment described here, however, induction of
photosynthesis occurs concomitantly with exposure to
radiations since induction of photosynthesis is caused by
the Cherenkov radiation that in turn is due to the
superluminal charged particles emitted by the radioisotopes
present in the water. It is well known that the process of
photosynthesis is based on quantum entanglement and,
therefore, it can be hypothesized that up-regulation of genes
involved in DNA repair and resistance to radiations and
photosynthesis, become entangled. This may lead to
further entanglement between the radio-resistant
cyanobacteria and the microbes of the probiotic blend that
are also exposed to the radioisotopes present in the water,
but have no photosynthetic capacity; the mechanism at the
basis of living bacterial entanglement following exposure
to electromagnetic fields is explained in detail in
Marletto et al. (2018). The choice of naturally
radioactive water that is also carbonated lays in the
well-known concept that carbon dioxide is required for
photosynthesis and such a requirement is all the more
significant when the source of light is represented by the
continuum  spectrum of  Cherenkov  radiation.
Carbonated water shows a distinctive light scattering
pattern that is very different from that of non-carbonated
water. The presence of dissolved gas in the water leads
to smoothing of the angular dependence of scattered
light intensity and reduction of the polydispersity
degree, thus optimizing the conditions for Cherenkov
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radiation-induced photosynthesis (Kovalenko et al.,
2009). Such an optimization is due to the uniform
distribution in the water of the radioactive isotopes of
Uranium and Radium as well as to the equally uniform
distribution of the bubbles typical of carbonated water.
The constant, uniform, Cherenkov radiation is scattered
by the bubbles and therefore reaches the light harvesting
antennae of the cyanobacteria from all possible angles at
variance with a common source of light that would reach
the antennae from a fixed angle.

In short, the natural radioactivity in the carbonated
mineral water evokes radio-protective responses as well
as induction of photosynthesis in the cyanobacteria;
through quantum entanglement, the cyanobacteria
transfer the radio-protective response to the microbes of
the probiotic blend that are also exposed to the natural
radioactivity but are not radio-resistant per se and have no
photosynthetic  capacity. Preliminary  observations
reported by subjects using the supplement described in the
Materials and Methods (Praesidium) support the
hypothesis that the mechanism described above is at work
under real-life conditions. These subjects, who were
exposed to common environmental electromagnetic fields
(house appliances, wiring, wireless communication
devices), observed significant increase of Heart Rate
Variability (HRV) associated with regular consumption of
the supplement. Considering that electromagnetic fields
such as those of wireless communication affect HRV
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(Beres et al., 2018) and considering that high HRV is
associated with reduced morbidity and mortality and
improved psychological well-being and quality of life
(Drury et al., 2019), these preliminary observation seem
to indicate a protective effect against the harmful effects
of electromagnetic fields. Further studies are in progress
to elucidate a number of aspects related to these
preliminary observations.

Discussion
Rationale for the use of Arthrospira Platensis

Arthrospira platensis has been used as food since the
16" century, because of its high-protein content and
digestibility and it is now considered a prebiotic because
it favors the growth of known probiotic microbes such as
lactic acid bacteria [Lactococcus lactis, Streptococcus
thermophilus,  Lactobacillus  casei, Lactobacillus
acidophilus and Lactobacillus bulgaricus (Gupta et al.,
2017)]. It is worth noticing that all these microbes are in
the probiotic blend used in this study and co-cultured with
Arthrospira in the naturally radioactive, carbonated
mineral water designated B. Arthrospira platensis is
endowed with strong anti-oxidant and anti-inflammatory
properties that have potential applications in human
radiation protection (Bhat and Madyastha, 2001).
Consistent with its nutritional properties and its protective
role against radiations, Arthrospira platensis has gained
increasing interest for the nutrition of astronauts who are
exposed to a wide range of electromagnetic radiations
(Karkos et al., 2011). Arthrospira resistance to radiations
is due to a number of factors that include the presence of
high level of anti-oxidants and induction and up-regulation
of genes involved in DNA repair. Among these, of
particular importance in the context of this study, are the
genes of the ultra violet radiation (uvr) family that are
involved in the repair of Single Strand Breaks (SSBs) of
DNA. DNA SSBs are the most typical DNA lesions
observed after exposure to many types of electromagnetic
radiations including those of mobile telecommunication
(Mihai et al., 2014) and it is postulated that the risks for
human health due to exposure to these electromagnetic
fields derive from this type of genotoxic effects. To this
point, the International Agency for Research on Cancer
(IARC), after having evaluated the available scientific
data, has classified the electromagnetic fields of mobile
telecommunication as being “possibly carcinogenic” to
human (IARC, 2002). These effects are of particular
interest in the context of the fifth generation technology
standard for cellular networks, which cellular phone
companies began deploying worldwide in 2019. Although
no studies are available on the direct effects of this new
technology standard on human cancer onset and
progression, a recent article analyzed 94 relevant
publications performing in vivo or in vitro research on this
topic. According to this meta-analysis, 80% of the in vivo

18

studies showed biological responses to exposure, while
58% of the in vitro studies demonstrated effects (Simkd and
Mattsson, 2019). Consistent with these observations, a
study published in 2020 states that ... the nascent mobile
networking technology will affect not only the skin and
eyes, as commonly believed, but will have adverse
systemic effects as well" (Kostoff et al., 2020).

Rationale for the Co-Culture of Arthrospira Platensis
with Probiotics

The rationale for the use of Arthorspira platensis in
co-culture with the probiotic blend described above
consists in the following considerations. lonizing
radiations as well as electromagnetic fields used for
mobile telecommunication and, in particular, high
frequency fields used for the fifth generation technology
standard, affect biological responses and are classified as
carcinogenic for humans (IARC, 2002). The most
common types of DNA damage due to electromagnetic
radiations used for mobile telecommunication are SSBs
(Mihai et al., 2014). This damage is repaired by proteins
encoded by uvr genes and Arthrospira platensis up-
regulates expression of uvr genes upon exposure to
radiations (Badri et al., 2015). Arthrospira platensis is
known to protect against radiation sickness (Mazo et al.,
1999) as well as against the damage inflicted by
electromagnetic radiations through DNA repair (uvr gene
up-regulation) (Qishen et al., 1989). Naturally radioactive
carbonated mineral induces up-regulation of radiation
protection genes in Arthrospira platensis and Cherenkov
radiation induces photosynthesis (Ran et al., 2012).
Photosynthesis is based on quantum entanglement
(Brookes, 2017). Electromagnetic fields such as those
associated with charged particles from radioisotopes in
the mineral water induce quantum entanglement between
microbes (Marletto et al., 2018). Quantum entanglement
and transfer of resistance to radiation between living
organisms occurs in water (Mothersill et al., 2018).
Therefore, Arthrospira platensis, a prebiotic bacterium
already known to protect from radiation sickness, once
exposed to (that is cultured in) naturally radioactive
carbonated mineral water, activates mechanisms for DNA
protection (uvr genes) that are known to protect against
SSBs and transfers such a protection to probiotic
microorganisms co-cultured in the same medium that in
turn transfer such a protection to human cells through
phages as described below.

As far as role of the probiotic blend is concerned, it is
worth noting that the human microbiota is negatively
affected by electromagnetic radiations of all types including
those of mobile telecommunication (Crabtree et al., 2017).
The probiotic blend contains a high number of live
probiotic microbes with a high degree of biodiversity.
Such a biodiversity reproduces the complexity of the
human microbiota, thus reconstituting an organ that is
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essential for human health (Wallace et al., 2011). The
probiotic blend also contains plasmids that are known to
transfer  biological information between bacteria
(Pacini and Ruggiero, 2019a) and this feature is essential
for exchanging biological information pertaining to
radiation protection. In addition, the probiotic blend
contains phages that are known to stimulate immunity,
repair DNA and transfer biological information to
human cells (Pacini and Ruggiero, 2019a). Independent
of the route of administration, phages enter the
bloodstream and tissues and interact with immune cells
(macrophages, T-cells, Natural Killer cells, B-cells,
granulocytes) (Van Belleghem et al., 2019). Phages have
anti-inflammatory properties and inhibit excessive
reactive oxygen species production (Gorski et al., 2017)
and it is known that excessive reactive oxygen species
production is one of the consequences of exposure to
electromagnetic radiations and is responsible for damage
to DNA, proteins and cell structures (Kesari et al., 2011;
Lu et al., 2012). In addition, the probiotic blend contains
naturally formed Gc protein-derived Macrophage
Activating Factor, a cytokine that stimulates/rebalances
the immune system and, in the probiotic blend, is 100 fold
more active than the chemically-obtained counterpart
(Carter et al., 2020). Optimization of macrophage
function is of utmost importance in counteracting the
harmful effects of electromagnetic fields, including those
used in mobile telecommunication, since exposure to these
fields causes macrophage dysfunction (L6pez-Furelos et al.,
2018) that contributes to immune system disturbances
(Johansson, 2009) that, in turn, contribute to some of the
adverse health effects of mobile networking technology
under real-life conditions (Kostoff et al., 2020). lonizing
radiations as well as non-ionizing radiations such as those
used for mobile telecommunication cause excessive
formation of reactive oxygen species that leads to
apoptosis of human blood macrophages (Lu et al., 2012).
The simultaneous presence of phages, that inhibit
excessive reactive oxygen species formation (Gorski et al.,
2017) and Gc protein-derived Macrophage Activating
Factor that stimulates human blood macrophages
(Pacini et al., 2012), prevents these harmful effects of
radiations on macrophages. In addition, the simultaneous
presence of phages and Gc protein-derived Macrophage
Activating Factor leads to optimization of immune system
function at the same time preventing inflammation
(Gorski et al., 2017), a threatening pathologic feature that
accompanies dysregulated immune responses to ionizing
radiation as well as to mobile telecommunication
electromagnetic fields (Koca et al., 2014). Co-culturing
Arthrospira platensis with the probiotic blend in the same
aqueous medium allows exchange of biological
information through horizontal gene transfer and quantum
entanglement as specifically demonstrated for protective
responses to radiations (Mothersill et al., 2018). The transfer
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of information described above is based on the homologies
of amino acid sequence and function of the genes belonging
to the family of uvr since the proteins coded for by uvr genes
of Arthospira platensis and Lactococcus lactis subsp. lactis,
one of the strains of the probiotic blend, share significant
homologies that are responsible for the transfer of
information. Transfer of information to human cells occurs
through an intermediary that is constituted by Lactococcus
phage ul36 (Ruggiero, 2020).

Rationale for the use of Equisetum Arvense

Equisetum arvense (field horsetail) is a perennial plant
from the family of Equisetaceae. Flavonoids, phenolic
acids, alkaloids, phytosterols, tannins and triterpenoids are
among the most widely known phytochemical compounds
of Equisetum arvense. Several studies described different
health promoting properties of Equisetum arvense such as
anti-oxidant, anti-inflammatory, anti-bacterial, anti-fungal,
blood vessel relaxant, neuro-and cardio-protective and anti-
proliferative properties (Pallag et al., 2018). The anti-
cancer properties of Equisetum arvense are so well
documented that an article published in 2020 states
"[Equisetum arvense] may serve as an alternative
anticancer agent for the treatment of pancreatic carcinoma
with no or least side effects to the patient" (Bhat et al.,
2020). Also the anti-inflammatory properties of the plant
are well documented and the mechanism of action for the
anti-inflammatory effect is based on modulation of
interleukins and interferon (Steinborn et al., 2018). The
rationale for using Equisetum arvense in the co-culture
described above is based on two properties of the plant. 1.
Its anti-oxidant properties that counteract oxidative stress
caused by radiations, thus synergizing with Arthrospira
platensis and with phages of the probiotic blend resulting
in inhibition of excessive reactive oxygen species
formation 2. The high content of silica that is arranged in
surface fractals in the stem and leaf of Equisetum. Silica
from Equisetum arvense plays a fundamental role in the
co-culture as it favors horizontal gene transfer between
radio-resistant Arthrospira platensis and the microbes of
the probiotic blend. A number of studies demonstrated
that adsorption to minerals, such as silica and silicates,
increases DNA longevity and stability in the environment.
Such DNA-mineral associations can favor preserving
genetic information across time, an essential feature in the
context of an approach designed to withstand the noxious
effects of radiations. In addition, DNA associated with
silica is available for incorporation into organisms
different from those where DNA originated through the
process of horizontal gene transfer. The complex silica-
DNA holds the potential for transferring genetic material
across environments and timescales to distant organisms
up to the point that it has been hypothesizes that this
process has significantly influenced the evolution of life
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on Earth (Sand and Jelavi¢, 2018). Interestingly,
Equisetum is considered a "living fossil", since it is the only
living genus of the entire subclass Equisetidae, a class that
was widely represented in the late Paleozoic forests and
survived the largest extinction event in the history of Earth,
the Permian-Triassic extinction event. In the context of the
co-culture, Equisetum arvense serves the purpose of
reproducing the conditions that are believed to be present at
the beginning of the life on Earth, when nucleic acids bound
to minerals such as silica and silicates and were thus able to
maintain, transfer and propagate the primeval biological
information. More precisely, silica favors exchange of
information between radio-resistant Arthrospira platensis
and the microbes of the probiotic blend. This optimization
of the exchange of biological information mediated by
silica occurs at the classical biochemical level through
horizontal gene transfer and may also occur at the quantum
level. About this latter concept, it was demonstrated that
DNA self-assembles in network structures on silica surfaces
in such a way that it can be used for quantum computation
(Xiao et al., 2002) and it was also demonstrated that quantum
entanglement synchronizes DNA strand breakage across
relatively large distances by enzymes that recognize specific
sequences. Such a quantum entanglement, that in the case of
the co-culture is amplified by silica, explains the observed
persistent effects of enzymes that interact with DNA across
longer spatial separations, a phenomenon that cannot be
explained in terms of classical biochemistry (Kurian et al.,
2016). In addition, silica serves the purpose of absorbing
phages, thereby enhancing their effectiveness in transferring
the information to other microbes as well as to human cells.
It was demonstrated that phages are active while adsorbed on
the surface of silica particles and the number of active
phages bound to the silica is enhanced by the presence of
ionic surfaces, with greater surface charge correlating
with greater concentration of adsorbed phages
(Cademartiri et al., 2010). In the co-culture, the ionic
surfaces are represented by the phenolic acids of
Equisetum arvense and the simultaneous presence of
silica and phenolic acids leads to synergism as far as
phage absorption is concerned.

Conclusion

The results presented in this study lay the foundation
for the development of a novel approach to protection
against electromagnetic fields comprising ionizing and
non-ionizing radiations. In silico observations and
preliminary results on subjects exposed to common
electromagnetic fields under real-life conditions, support
the hypothesis that co-cultures of radiation-resistant
cyanobacteria and probiotics in naturally radioactive
carbonated mineral water may confer protection against
the harmful effects of electromagnetic fields.
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