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This paper presents a generai review of the current knowiedge regarding bacterial communication via
electromagnetic fields. The possible role of ultraviolet, visible and infrared light, extremely high frequency, and
low frequency electromagnetic fields as well as sound waves is discussed. The probable mechanisms of remote
microbial interactions are rising. Future trends in the area of microbiclogy are also viewed,
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For a long time, the ability to communicate has been
considered as an exclusive property of multicellular
organisms. However, research over the past few decades
has raised more than serious doubts about this point of
view. Complex behaviers such as chemotaxis, quorum
sensing, and biofilm formation show that bacteria can
communicate with the environment, within the species,
and with other species with the use of chemical signaling
molecules (pheromones) [1-3]. The chemical mode of
communication is the best studied of all. Nevertheless,
bacteria also use electromagnetic signals as part of
sophisticated signaling system that function over
distances that are substantially larger than cellular
dimensions (which are the order of one to a few
micrometers). The following descriptions focus mainly
on the investigations in the area of electromagnetically
mediated communication of microorganisms.

Research into the electromagnetically mediated
communication of microbes started immediately after
the discovery of mitogenetic radiation (MR) by
Alexander Gurvitch in the 1920s [4]. His observation
stimulated early research, which led to over 500
publications on the ability of information exchange by
means of electromagnetic fields between
microorganisms [3]. However, these early works will
not be discussed in this review.

Today, there are 2 basic explanations of the nature
of electromagnetic communication in microorganisms.
Some authors suggest that effects observed are
connected with the transmission of light signals, others
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insist on the sonic nature of the mode of bacterial
communication.

Light-mediated Communication

In the early 1990s, the first work in this area was by
Nikolaev [6]. A special device “flagk-in-flask” was used
for bacterial cultivation. The inner flask was made of
quartz glass and its neck was outside of the device. Two
cultares of Vibrio costicola referred to as emitter and
recipient were cultivated in a big outer flask and in a
smaller inner flask, respectively. Lignid nutrient media
were used for culture growth in the both flasks. Growth
was monitored using light scattering by measuring the
OD;,, value, which was measured in quartz cuvettes
and a 5-mm light path with the use of a KFK-2
spectrophotometer. In the control experiments, the
recipient culture was grown without emitter one: there
was water in the outer flask. It was found that the
chloramphenicol-treated (the final concentration of the
antibiotic was 100 pg/ml ) culture of V. costicola (signal
emitter) could stimulate the growth of recipient culture
of the same species. The biomass increase of recipient
culture was not substantial {mean 6.4 £ 2%), but the
author claimed that the results were statistically
significant. It is important to know that there was not
any influence of non-treated with chloramphenicol
emitter on the growth of recipient culture.

However, there are some serious objections to
Nikolaev’s experiment. First, it is unclear in the paper
why the indicated concentration of the chloramphenicol
was used. Was the level of chloramphenicol sufficient
to completely block translation and hence growth of
the emitter? It would be well to study the plating
efficiency of the chloramphenicol-treated emitter
culture, Furthermore, the picture of the developments
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observed would be clearer if the author investigated
the interaction of both emitter and recipient treated with
antibictic, Second, it is distinctive that the effect
observed was toc small and the mumber of experimental
repetitions [2-4] was insufficient to affirm the culture-
to-culture influence, Nevertheless, if the effect was
really statistically significant as Nikolaev claimed in
his paper, the other objections should be raised
concerning the possible mechanisms of the phenomenon
observed.

The author did not work out in detail the nature of
the signal. He only postulated the electromagnetically-
mediated interaction of the bacterial cultures under
study. However, the other possible explanations of the
phenomenon must be eliminated before the presentation
of such a conclusion. Also, the author did not explain
how the samples for measuring the OD value were
picked out. This is an important detail since metabolite
exchange might be possible during O measurements.
In this connection, additional questions are raised; was
the chemical disconnection between the emitter and
recipient total? Was the quilted tap sufficient to prevent
the transmittance of chemicals between the cultures
under study? Moreover, the device used was enveloped
in aluminum foil and hence it might cause the increase
of concentration of volatile metabolites in the case of
imperfect chemical cultures separation and the
interaction between emitter and recipient culture might
be caused by some chemicals like volatile signals of
Ralstonia solanacearum, which is active in 10-9 M
range [7].

Finally, if the microbial interaction observed was
mediated via electromagnetic field, as the author
proposed, in this experiment it is impossible to separate
the precise mode of the signals — was it sonic or light
signals? The question remains unsolved,

Another work also demonstrates the example of
communication by means of light between the
bacterium Pseudomonas corrugaia and the fungus
Gaeumannomyces graminis var, tritici []. The authors
used the device like “flask-in-flask”: the cuter
cylindrical vial, closed by a glass lid, contained an inner
one. The walls of the inner and outer vials were
separated by small glass protrusions. The outer cell and
lid were always made of either UV-opaque or UV-
transparent glass. The outer vial with nutrient medium
was inoculated with G. graminis (signal sender), the
inner vial contained a culture of P. corrugata (signal
receiver). Wainwright and coworkers detectad
stimulation of bacterial growth (that was observed from
light emission) in the presence of a growing fungal
culture. This effect fails if the anthors used UV-opaque

inner flagk. This suggests that UV light served as the
signal and that UV light or another stress is required
for the gignal to take effect. The effect observed varled
significantly (from a few percents to a 30-fold increase),
and it was not always reproducible (it occurred only in
2 of 7 experimental runs). Despite this, the authors insist
that they revealed a electromagnetic link between
bacterial and fungal cultures.

Like any research, this study raises many questions.
The authors have not, nor attempted to, explain why
these strains of microorganisms were chosen. Is the
interaction between G. graminis and P. corrugata
possible in wild nature? If yes, then probably it was not
necessary to change wild genotype of P. corrugata
introducing a foreign fux AB gene into the bacterium,
Concerning the chemical interactions between the
microorganisms under study, the authors emphasized
that the possibility was real. When the authors tried to
cultivate the signal recetver (bacterial cells) in the sealed
vial, the effect was absent. Wainwright and coworkers
explained this fact by the lack of oxygen that is
indispensable to bacterial growth and metabolism.
However, in this condition, it is impossible to clearly
detect the reason for the diminution of bacterial light
emission. Was it really due to lack of oxygen or because
of interruption of chemical signaling between the fungus
and bacteria? At the same time, it is not clear why the
effect of microorganism interactions occurred only
when UV-transparent inner flask was used (on the
assumption that chemical signaling is possible in both
cases of UV-opaque and UV-transparent inner flasks
utilization}, Was it the synergistic effect of both
chemical and UV-light signal action? Despite the
unintelligible explanation from the direction of the
authors on the above questions, it is important to note
that the absence of the effect during bacterial cultivation
in UV-opaque and sealed inner flask eliminates the
possibility of sonic mode of communication between
G. graminis and P. corrugata, By that time, work on
the sonic communication in bacteria already had been
published [9] and the authors should have given more
attention to this question. Unfortunately, after 1997
there were 1o any new publications of Wainwright and
coworkers dedicated to the problem.

More recently, a paper was published in which the
communication by means of electromagnetic fields in
Pseudomonas fluorescens was described [117]. The
author used the “flask-in-flask™ device but the inner
compartment was made from usual glass instead of
quartz. Sender and receiver cultures were cultivated in
a liquid nutrient medium M9 supplemented with glucose
and mineral elements in outer and inner flasks, re-



spectively. The outer flask and the inner one were
separated with the use of rubber membrane. Sender and
receiver cultures had different initial optical densities
{OD): 0.05 to 0.1 and 0.6 to 0.8, respectively. The effect
of interaction of bacterial cultures with one another was
studied by determining the number of adhered and non-
adhered free cells. To estimate the value of adhesion
(% from initial number of cells), the following equation
[11] was applied:

OD;

initial

- ODminimn[a’ODinitiul

Where OD, ;. and OD,;.....; are optical densities
at the moments of inoculation and maximal reduction
of OD after inoculation, respectively. The number of
free cells was calculated as follows:
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Where OD; exp and OD,;, con reflects the
number of cells in condition of distant interaction of
sender and receiver and without the interaction,
respectively. Nikolaev found an increase in the number
of free (non-adhesive) cells by 50%, a decrease in the
value of adhesion by 4% [10]. It should be noted that in
the scheme of experiment the gaseous exchange
between sender and receiver was eliminated.

Since in his own previous work [11], Nikolaev
showed that there is a special chemical (he called it
“volatile anti-adhesin™; VAA) that is responsible for the
decrease in cell adhesion (it caused a 6% diminution in
cell adhesion), the author decided to investigate the
character of distant interaction between sender and
receiver cultures of P, fluorescens in the case of action
of both the factors above (chemical and electromagnetic
as well). Nikolaev observed a significant reduction in
the number of non-adhered cells (mean 9-fold) due to
chemical and electromagnetic interaction between the
sender and receiver cultures. Nikolaev concluded that
there was a synergistic effect between electromagnetic
and chemical signals.

The discovery of synergistic effect of both chemical
and electromagnetic signals action is highly attractive,
But a question arises from the finding: does the chemical
signal (VAA) modulate the action of the electromagnetic
one or vice versa? Regarding the electromagnetic nature
of a signal, the author considered that it was not UV
light, since the flasks employed were made from
ordinary glass, which is non-transparent for the
corresponding spectral range, And what about VAA?
What is the precise chemical nature of the velatile
substance? Tuming back to the electromagnetic signal,
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the author did not point out, for example, the wavelength
of visible {and/or infrared?) light, which is responsible
for the effect observed. Moreover, the experimental
design of this work did not exclude the sonic nature of
the signal. Despite this, Nikolaev did not discuss the
possibility.

In my recent work, I investigated the distant
regulation of bacterial growth and light emission of
electromagnetically separated bacterial cultures [12].
The experiments were performed with Escherichia coli
cells cultivated in a specially constructed device, which
was made from UV-opaque glass. There are 2 equal
compartments separated with the window from UV-
opaque glass. Different nutrient media were used for
culture growth (LB and M9 supplemented with
glucose). Growth was monitored with the use of
Specord M40 spectrophotometer. Furthermore, a light
emission from cultures of both compartments of the
device was measured.

This work found that the values for the duration of
the lag phase of bacteria grown in M9 medium were
greater than those of the control. There were ne
statistically significant differences in the duration of
lag phase during LB cultivation. In both media used,
the values for the growth rate of the cultures cultivated
jointly in the device were greater than the control ones.
Concerning the harvest, there was no statistically
significant difference between cultures under study and
the control ones during M9 cultivation. When cultures
were grown in LB medium, the harvest values were
less than the control ones. It is essential to indicate that
a link between light emission and the growth parameters
was observed. The changes in growth of cultures under
study have correlated with modifications in light
emission. The most interesting finding is the
phenomenon of synchronization in the emission spectra.
It is noted that bacteria in the joint compartments of
the device used have not been synchronized by use of a
specific methods (for example, by the method of amine
acid starvation). The synchronization in growth and
light emission have probably occurred due to
electromagnetic link between the separated cultures,
Thus, the alteration of bacterial growth and the
synchronization of light emission of interactive cultures
were the main observations of my research, supporting
the statement that the cultures of E. coli are able to
interact at a distance via electromagnetic fields.

Since in the experiments above the joint cultures
were grown in equal conditions (ie, without any
additional influence on any of them), investigation of
distant interaction of bacterial cultures in the case when
one of them was impacted with some damaging or
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stimulating factor was of a big interest, With this atm,
one of the cultures was irradiated with red and infrared
light [13]. Other experimental tasks were: (1) to study
the red and infrared light effects on the E. coli growth
rate in the conditions of distant interactions of irradiated
and non-irradiated bacterial cultures; and (2) in-
vestigation of character of distant interaction between
irradiated and non-irradiated cultures. £, coli cells were
irradiated with red and infrared light in dose of 6 kJ/m?
and cultivated in conditions, which were identical to
previously described [12]. The main finding was a
reducticn of growth-stimulating effect of red and
infrared light in conditions of distant interaction
between irradiated culture and non-irradiated one. The
extent of reciprocal growth stimulation was also less
but during M9 cultivation. On the contrary, there was a
significant mutual growth forcing when cultures were
grown in LB medium. The possible explanations of the
phenomenon are discussed [13].

Concerning the mechanisms of the phenomena
above, one of my conclusions is that the results obtained
can not be explained by the cultures interacting in the
UV range of the spectrum because the devices used to
culture the bacteria were made from glass, which
absorbs UV radiation. Furthermore, a sonic nature of
the interaction must be excluded because there were
no statistically significant effects during cultivation of
cultures in the device with an opaque glass window
between the adjacent compartments in both of
aforementioned experiments. Thus, I concluded that the
most appropriate candidates for the signal are visible
light or infrared. However, it should be clarified in
future studies. And finally, the chemical communication
in my experiments was totally excluded since the
samples were taken with the use of sterile syringe
thorough the rubber septum. In this scheme of sampling,
release of volatiles was less probable.

Sonic-mediated Communication

In 1995, Matsuhashi and coworkers showed that one
population of Bacillus carboniphilus, a strain isolated
by them that requires carbon for growth under stress,
enabled a second population of this bactertum, located
in the another part of bipartite plastic or glass Petri dish,
to grow under salt stress (1%-2% w/v KCl) and elevated
temperature (44°C) [9]. The authors understood that
there is a possibility for chemical interaction between
the bacterial populations. Therefore, to prevent the
gaseous exchange between sender and receiver through
the air gap, the following experiments were done. One
Petri dish was pre-grown with a signal sender population
for 1 day. After that, a second Petri dish (salt non-

permissive conditions) was inoculated with a signal
receiver cells. The 2 Petri dishes were stacked over
{cover to cover). The spore germination in the receiver
population after 2 days of incubation at 44°C was
studied. Matsuhashi and coworkers found that the spore
germination under severe conditions was more efficient
when Bacillus subtilis was used as signaling population
and Bacillus carboniphilus as the sensitive, signal-
receiving population.

In the above work, Matsuhashi and coworkers for
the first time postulated a sonic nature of the signals.
However, both the sender and receiver bacterial
populations were grown in the plastic Petri dishes,
which are transparent, for example, for visibie light.
Although the specific experiments were not done (eg,
envelopment of the dishes in black paper), the authors
did not consider communication via light. Moreover,
the fact that the interaction of sender and receiver
bacterial populations was more effective when the
dishes were placed into acrylic box [9] is a big
suspicious. Since the authors did not specifically prevent
the volatiles leak from the dishes, a high concentration
of the volatile matter in the closed space of the acrylic
box could have favored chemical communication
between the cultures under study.

Matsuhashi and coworkers have also investigated
the effects of bacteria upon drug resistance of remote
neighboring bacteria [14]. Experiments were performed
using Petri dishes parted into 2 equal compartments.
The authors found that growing cells of B. subtilis
(signal emitter) stimulated erythromyecin and
streptomycin resistance in signal recipient cells of B.
carboniphilus. The same objections mentioned above
may be applicable to the current experiment. Moreover,
Matsuhashi and collaborators did not work out the
hypothesis on the possible mechanisms of antibiotic
resistance in signal receiver cells of B. carboniphilus.
Even if the antibiotic resistance was occurred due to
reception of sonic signals from the signal emitter cells,
the most actual questions are: were the signals oriented
to (1) the reduction of the uptake of erythromycin and
streptomycin into B. carboniphilus cells, (2) alteration
of bacterial targets, which became tolerant to the
antibiotics; or (3) production of specific enzymes that
could destroy the antibiotics or modify it, thus
stimulating the drug inefficiency?

The last paper of Matsuhashi’s group was published
in 1998 [15]. In this work, the authors tried to replace
signaling bacterial population by a sound generator, The
complete set-up was composed both of a function
generator (Iwatsu FG330, 600-ohm output impedance)
and a speaker (Ohm SP-88 full range speaker, 8-chm



impedance) [13]. B. carboniphilus cells served as a
biological object, and for their cultivation, medium
containing 1% w/v KCl was used. The bacterial cells
under salt stress conditions were influenced by sound
action from the set-up mentioned above. The effect of
these sound signals was determined by efficiency of
colony formation. Matsuhashi and coworkers found that
there was an increased colony formation when the sound
generator was switched on. Moreover, the effect
depended on both audie frequencies and power output.
Growth-promoting effect of sound waves was provided
in the range of 10 kHz to 40 kHz at a power output of
near 50 mW [15].

However, the finding that bacteria are sensitive to
sound was not the direct evidence for the sonic nature
of previcusly observed phenomena [9,14], Therefore,
in the same work the authors tried to register a sound
from the bacteria. With the aim, a sensitive condenser
microphone (Bruel & Kjaer, Denmark) with a
preamplifier of the same manufacturing firm was used
[15]. The experiments on sound registration from
bacteria were performed with 8. subtilis cells, which
were grown on the medium containing polypeptone,
yeast extract, glucose, sodium chloride, and thymine
for maximum growth promotion. The most remarkable
results was the discovery of sound emission from B.
subtilis cells, and at the same time, the frequencies of
sound registered were similar to those, which were
responsible for growth promotion under stress
conditions (10-40 kHz). The given finding allowed
authors to propose that sound waves in the
aforementioned frequency range are functioning as
growth-promoting signals.

It is interesting to note that the human ear can detect
sounds with frequencies at 20 Hz to 20 kHz [16]. Thus,
with some license, one may say that we are partly
capable to hear bacterial “conversation.” Concerning
the mechanisms invelved in the production and
reception of sound waves, Matsuhashi and coworkers
made only a few assumptions. The authors proposed
that different intracellular organelles, such as
membranes, cytoskeleton-like structures, or the
chromosome, may be responsible for sound generation
[15]. Although Matsuhashi and coworkers clearly
demonstrated that the signal was sound rather than light,
the question of how sound is generated remains
unanswered.

In 1997, an interesting interpretation of
Matsuhashi’s results was suggested [17]. The hypothesis
of intracellular integration, which has been proposed
by Norris and Hyland, is in agreement with the Frohlich
prediction [18] that, under appropriate conditions,
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biological objects can support a coherent excitation in
the range of 10°to 102 Hz. On basis of some literature
data [19], the authors hypothesized that enzymes can
be emitters of electromagnetic waves in the range above.
According to this supposition, chromosomes can receive
these waves, thus altering the gene activity. Regarding
the results of Japanese researchers, Norris and Hyland
proposed that the ¢° subunit of RNA polymerase is the
most appropriate candidate for emitter of electro-
magnetic waves in sender bacterial population [17].
Taking into account the global regulatory role of ¢°
subunit under different stresses [21,22], Norris and
Hyland are inclined to believe that electromagnetic
radiation from the part of RNA polymerase might
promote a gene activity in receiver bacterial population
[17]. Thus, a ¢* subunit of RNA polymerase, normally
functioning at the stationary phase of growth, in the
sender population might be responsible for growth
promotion in the receiver population. In other words,
as Norris and Hyland proposed, the phenomena of
distant growth stimulation in Matsuhashi’s experiments
are consequences of enzyme activities integration in
cells of both sender and receiver bacterial populations
n7n.

Recently, some new data concerning microbial
communication were published. First of all, in Heal and
Parsons’ paper [23], antibiotic resistance due to culture-
to-culture interaction was investigated. In this paper,
the authors examined the ability of one E. coli culture
to strengthen a growth of another culture of the same
species under antibiotic stress. Heal and Parsons found
that the signal receiving population, only in the
neighborhood with the signal transimitting one, was able
to grow en ampicillin-containing (500 ng/mL}) solidified
LB medium in the bipartite Petri dishes [23]. There was
no effect of antibiotic resistance when the air gap
between the compartments with signal transmitting and
signal receiving bacterial populations was plugged.
Moreover, the effects deseribed by Heal and Parsons
depended on the distance between the populations and
it was significantly decreased at distances greater that
3 cm [23]. The authors proposed that indol is responsible
for the phenomenon, So, the bacterial communication
above was chemically mediated and, therefore, not in
the interests of the current review.

An impressive series of papers dedicated to cell-
density dependent effects of extremely both high
frequency and low frequency electromagnetic field as
well as low dose ionizing radiation on bacterial cells
were published [24-29]. To investigate the changes in
genome conformational state induced by extremely low
frequency electromagnetic field (ELF EMF) in K, cofi
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cells, the method of anomalous viscosity time
dependence {AVTD) was used [25]. Belyaev and
coworkers found that the effect of ELF EMF depended
on the cell concentration in bacterial eulture and it was
maximal at a concentration of about 6 x 10® cells per
mL [25]. The authors suggested that cells were able to
interact under the influence of ELF EMF, and the
possible explanations of the phenomenon were made.
Although in the experimental design of this work did
exclude the chemical mechanisms of the interaction like
quorum sensing in liquid mediwn, the authors preferred
the electromagnetic mechanism of the interaction [23].
Moreover, in this work Belyaev and coworkers
proposed the theoretical model for explanation of the
effect of cell cooperativity [25].

The response of E. coli cells to microwaves of
extremely high frequency range {millimeter waves,
MMW) with different power output also have been
studied [24,27,28]. The same method, AVTD, was
applied for the investigation of microwaves effect. As
before, the cellular cooperativity in response to MMW
was observed and the bacterial reaction to microwaves
was altered depending on the stage of growth [24,27,
28]. During legarithmic growth, there was a reduction
in the value of AVTD due to MMW exposure, at that
the maximal one was observed at the 10~ W/cm?® power
output [28]. At the stationary phase of growth,
micrewaves exposure resulted in increase in AVTD at
both power output (10"* W/em? and 10 W/em?) [28).

Thus, cooperative cellular response to both ELF
EMF and MMW was found. At the same time, the
maximal effect resulting in alterations of AVTD values
corresponded to stationary phase cells [24-28].

In this connection, the possible mechanisms, we
have proposed to explain the phenomena observed
should be considered. According to the theoretical
model proposed [25], the communication of bacteria
could be mediated by emission of electromagnetic
waves in the infrared-sub-millimeter range [25,26,28).
This conclusion was in agreement with Frohlich’s
prediction about coherent excitation in biosystems [18].
The main supporting evidence for this hypothesis was
the fact that effect of bacterial cooperativity was found
at the cellular density about (4-6) X 10° cell/mL. The
interceliular distance at the cellular density is about 30
Hm, which is corresponds to absorption length of the
aforementioned electromagnetic spectrum. It is
necessary to note that Belyaev and coworkers tried to
test the possible chemical nature of the bacterial
cooperative respeonse to ELF EMF [26]. With this aim,
the authors added the exposed cells to unexposed ones.
There were no changes in AVTD parameter in this case

as well as after ELF EMF-treated bacteria were added
to another cells before their exposure [26]. Although
Belyaev and Scheglov et af did not totally exclude the
chemical mechanism of the effects observed, they
consider the electromagnetic hypothesis mors suitable
for explanation of the type of cellular communication
[25,26,28].

Quite recently, similar effects of intercellular
communication were cbserved in response to ionizing
radiation [29]. E. cof! cells were treated with ionizing
radiation in the range of 0.1 ¢Gy-1Gy , and cellular
lysates were assayed for GCS with the use of AVTD
method. Alipov et af found that the values of relative
viscosity were greater at the greater cell density (4 x
10" cell/mL vs 4 x 107 cell/mL). So, the character of
cellular cooperative response was similar to those for
ELF EMF and MMW range. Therefore, it was suggested
that the mechanism above, which was developed for
ELF EMF and MMW, is also suitable for explanation
of intercellular communication during X-rays exposure
[29].

It should also be ncted that the analogous
cooperative cellular response to lonizing radiation was
found in mammalian cells, and it was regarded as the
“bystander effect” [30-36]. Although little is known
about the precise mechanisms of the bystander effects,
it is reasonable to propose that the phenomenon ig rather
universal and its mechanisms are similar to those for
bacteria.

This review has tried to summarize the current
knowledge on this controversial topic. Unfortunately,
the experiments considered above do not allow
formulation of any specific theory based on rigorously
proven facts. Although some authors claimed that light
[6,8,10,12,13] or sound {9,14,15] were responsible for
the effects of remote bacterial communication, the
researchers did not sericusly consider whether there
might be alternative explanations for the findings
reported. Moreover, none of the authors has taken into
account the electromagnetic properties of glass devices
used as it was made, for example, in Albrecht-Buehler’s
experiments on distant communication of BHK cells
[37]. Also, there were no stringent controls for diffusion
of signaling volatiles in experiments on distant bacterial
communication. In this connection, the use of
radioactive substances (eg, *H-leucine or some others)
would be helpful for elimination of chemical’s transfer
possibility during the experiments. Finally, it must be
sald that none of the research on bacterial
communication via light or sound except for early
Matsuhashi’s experiments [9] have been repeated
outside of the original investigators’ laboratories.



However, it is pessible that such attempts were made
but the researchers did not want to inform about their
vain endeavors.

Concluding Remarks

the phenomenon of biocommunication via electro-
magnetic fields was shown also in experiments with
onion roots [4], seedlings of garden radish and barley
[38], bean seedlings [15], pollen of cherry and plum
[39], rat mmor cells [40], amniotic and nephritic human
cultures [41], BHK cells [37], fish eggs, embryos and
larvae [42], beetles and daphnia {43], Obviously, the
mode of biocommunication is rather a universal
phenomenon. Most likely, living organisms evolved
complementary types of electromagnetic and chemical
communication. Some organisms use light ag signals,
while others use sound. It is my deep conviction that
biocommunication phenomena have 2 common
explanatory basis, and therefore a more sustained effort
should be made for designing studies, which incorporate
empirical knowledge and technology of both biology
and physics.

Turning back to bacteria, a few notes about how
the different electromagnetic stimuli (light and sound
waves) have an effect should be made, The ability of
different microorganisms to produce UV light is a well-
known fact [44-46]. At the same time, there is a lot of
evidence for UV-associated mutations [47]. In this
connection, the mechanisms of growth-stimulating
effects of UV light, which has been postulated by some
authors [6,8] remains an enigma. One possibility for it
is the use of UV-A light for intercellular signaling, which
mutational ability is, probably, less that those for UV-
C and UV-B.

Concerning the visible light, it is becorning apparent
that bacteria may use different photoacceptor molecules
for light absorption. For E. coli cells, for example, it
was shown that cytochrome b« and bo complexes might
be the main photoacceptors, and the primary and
secondary mechanisms of light stimulation are also
discussed [48]. However, in the above experiments on
distant bacterial communication via light [10,12,13],
the exact link between the some wavelength and
biological response is absent. Therefore, the use of color
filters would be helpful for specification of wavelength-
dependent effects of visible light.

Still less is known about the possible role of infrared
light, high frequency and low frequency electro-
magnetic fields to be signal carrier in microbial
communication. For example, there is plenty of
evidence to indicate that there are mechanisms for
causing DNA covalent bond breakage [49,50].
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Moreover, it was reported about the bactericidal effects
of millimeter waves, which were connected with
alteration in membrane permeability (F,F, membrane
bound protein complex is believed to play an important
role in the process) and activation of lysogenic genes
in bacterial genome [51]. However, how these
electromagnetic fields of the aforementioned
frequencies may take part in bacterial communication
remains to be nvestigated.

Finally, the area of microbial communication via
electromagnetic fields is totally undeveloped.
Nevertheless, future research in the area will,
undoubtedly, provide additional information for the
understanding of different aspects of bacterial life,
including bacterial pathogenicity and resistance to
antimicrobials.
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