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Light based cellular interactions:
hypotheses and perspectives
Frédéric Laager *
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This work investigates the theoretical possibility of interactions between cells via light.

We first take a brief look at the previous research done in the past to have a better

understanding of the field and the origins of the concept of cellular interactions. Then

we identify the different elements essential for interactions between two parties. We then

compare the required elements with the known and studied elements and characteristics

which are well defined in biology, chemistry and physics. This way we are able to set

up four postulates required for cell interactions: I. A signal is present and subject to

secondary modulation by the emitter cells. II. There is a plastic information medium that

reacts directly to themetabolic state of the emitter and therefore carries information about

the emitter. III. An optical signal can be perceived by cells on a molecular level by a

multitude of different receptors. IV. The information can in theory be processed by cells

and metabolic changes in reaction to the signals can be observed. We demonstrate that

all required elements have been observed. Most of them have important and well-known

roles in cells. Therefore, we suggest that our hypothetical model is a good explanation

for light based cellular interactions.

Keywords: ultra-weak photon emission (UPE), light based cellular interactions, absorption, non-chemical

interactions, singlet oxygen

Introduction

The First Steps
The concept of cellular interactions via photons was proposed a long time ago [1] and there are
several publications about light based interactions [1–15].

Gurwitsch was the first to claim the existence of a biological “radiation” which could affect the
rate of mitosis. In many experiments he tried to figure out a good way to produce reproducible
results [8].

From this moment on, almost all the experiments performed in this research field use a similar
setup: Two living systems, chemically separated, but optically connected, show a reaction to each
other’s presence and/or activity.

As later described by Bateman [2] it was still unclear after several years if the “mitogenetic
radiation” did really exist. Other groups tried to reproduce Gurwitsch’s work, but many of them
failed as described by Bateman.

However, others were able to observe interesting effects. For example, fertilized eggs of
Parcentrotus lividus were incubated under the exposure of the radiation of B. tumefaciens cultures
[7]. Choucron found that there was a causal effect between the existence of an action and the
presence of the cultures, after observing deformations and abnormalities.
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For a long time the concept of mitogenetic radiation was
forgotten. But in the last four decades more andmore researchers
have become interested again in the topic. These are some more
recent examples:

Quickenden [15] also reviewed the work done on mitogenetic
radiation from Gurwitsch and other researchers, and asked
interesting questions such as: Does UPE stimulate cell division?
And: Can a cell culture affect the growth rate of another? Those
questions are partially answered nowadays as we will see below.

By using Pseundomonas putida and spores of B. subtilis, a
Russian group was able to influence germination efficiency, by
using two different methods. It was concluded that growth-
stimulating signals were transmittable and they couldn’t be in the
UV range, so the visible or near IR range could be responsible
in this case. It also showed that the interaction could take place
between different species [3].

In another publication, where human blood was used to
irradiate radish seeds, an increase of the growth index could be
observed. This system was also using a quartz cuvette. The effect
was enhanced when fresh blood was used instead of 2 days old
blood [6]. This suggests that the efficiency of the signaling is
related to quality and viability of the samples.

Recently, new experiments were performed in Switzerland
[12] with Paramecium caudatum with a “flask in flask” system,
demonstrating the reproducibility of the phenomenon. Also
several recent publications and reviews [10, 16–18] summarize
the progress in the field in a very accurate way.

The Introduction of Photomultiplier Tubes
It was only with the development of photomultiplier tubes
(PMTs) and the first measurements of photons coming from
inside the cells that the research on ultra-weak photon emission
(UPE) could begin. But it also showed that light was indeed
produced by living systems and therefore cells could at least
in theory use the photons to transfer information. We will not
review the large number of publications that can be found on the
UPE topic [15, 19–22] and which can be found in other reviews
[17, 18, 23]. We will only look at a brief selection of publications
which investigated cellular interactions.

In another publication [4] two E. coli cultures, separated by a
glass absorbing light under 350 nm, were used. The growth rates
inM9 and Luria Broth (LB)mediumwere greater than in controls
and the generation times shorter than in the controls. Also
different UPE spectra could be detected during lag, exponential
and stationary phase of E. coli growth, in LB and M9 medium.
It was therefore interpreted that E. coli could somehow react
to their neighbors behind the glass barrier. Also, from another
perspective, Australian researchers analyzed the spectra of the
UPE from yeast [15, 24]. A decade later, yeast was used again to
analyze the UPE during the mitotic cycle [25]. Yeast was chosen
since there are possibilities to synchronize its mitotic cycle. It was
observed that big changes occurred in the whole UPE spectra,
those changes were with the very likely related to the mitotic
phases.

We will see that these kinds of observations are critical to
understand how the mitotic cycle can generate specific optical
signals, which could be received and interpreted by other cells.

Finally we want to point to recent publications which explain
the possible mechanisms for the emission of UPE [26] and set the
appropriate definitions for the observed phenomena [18].

New Methods Bring Light into the Dark
The improved molecular methods developed over the decades
have helped researchers to better understand this phenomenon.
Here are some examples: When the cells on one side of
the separator were exposed to H2O2, they showed fascinating
results. The NF-κB activation was measured after 10, 30 and
60min in both compartments [5]. Also with different distances
between emitter and receiver cells, the protein concentration was
significantly decreased compared to the controls.

Only recently a work from Italy showed that mouse
fribroblasts and adult human microvascular endothelial cells
would react to each other’s optical presence. The interaction
between the immortalized mouse fibroblasts (NIH3T3) and adult
human microvascular endothelial cells (HMVECad) could be
observed. As a negative control a black filter was placed between
the cultures [9, 10]. In prior work on fribroblasts (HS27), it was
observed that the cells reacted to the presence of weak red light,
by regulating 111 genes, which are related to proliferation and
suppression of apoptosis [27].

Finally, in neuroscience, some advances have been made.
Experiments on rat nerves showed that neurons could act as
light guiding elements [28]. We should not forget that a lot of
work is still required to really understand the exact meaning
and purpose of such findings, but a “Dish in Dish” system from
Chaban [14] could alter the calcium fluxes by using apoptotic
dorsal root ganglion neurons or human neuroblastoma cells as
emitter cells. Such a phenomenon has never been observed in
the past. Those examples were chosen because they illustrate
well how wide and diversified the topic of non-chemical distant
cellular interactions is.

The Signal to Noise Ratio Issue
One of the main problems that models in this field encounter
is the following: How could such a weak signal as the UPE
transfer information in presence of a much stronger noise, like
the ambient daylight? To find the answer to this question is one
of the greatest challenges in the field of non-chemical distant
cellular interaction [29]. We will attempt to answer this later in
Section The Processing.

Other Models and Theories
Nevertheless, the problems and controversy of the question some
hypothetical models have already been published [11, 30–32].We
will now present and discuss some of them briefly.

Austrian scientists proposed that UPE could form a sort of
“holographic computer” within brains [11]. In our opinion even
if the concept is interesting we have to conclude that this model is
purely hypothetical and no experiments have been done to prove
it. Nevertheless, the idea has been developed further by others
[33, 34].

Another interesting hypothesis was published several years
ago, claiming that mitochondria and microtubules could be
seen as a biological version of optic fibers, guiding the photons
generated by the respiratory chain to the right place [31].
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With another approach Fels hypothesized in his work, that
from two cell populations, only one should be sensitive to the
repetition of the experiment. The other population, however,
should establish a relation with the first one. This hypothesis
considers a cell-to-cell relation as the analog to the relationship
between quantum particles [30].

Also, a concept of interaction through vibration has been
proposed in two hypothetical models [35, 36].

Despite the interesting ideas and aspects, all these theories are
lacking an exact biomolecular explanation of the process of signal
transfer.

Required Elements

Every form of interaction requires well defined elements, in a
way that the information transfer can take place and function as
required. To make the elements easier to grasp we will compare
our model to the spoken language. For the physical elements
there are the emitters, the medium and the receivers. For the
spoken language the emitters would be the mouth, the tongue
and the vocal cords, which can modulate the medium, which in
this case is the sound or vibrations of the air. And the receivers
would be the human inner and outer ears.

From the semantic point of view there must be “compliance.”
The emitter and receiver have to be “adjusted” to understand each
other. In our example we could say that the two people must
speak the same language in order to understand each other. And
finally theremust be “processing.” The received signals must have
an effect on the receiver: We could say that the information of
the spoken message has to be processed by the brain and the
person reacts to the information in some way. If there would be
no reaction to the information then the information content can
be seen as null from the point of view of the receiver and the term
“interaction” becomes hardly applicable. We therefore retain
the five important elements necessary for cellular interaction:
Emitters, medium, receivers, compliance and processing. At last
following characteristics of the required elements should be
given:

- The emitters must be able to modulate the signal.
- The medium must be plastic and be able to travel from emitter
to receiver.

- The receivers should be able to perceive the signals and to
process the information.

- And finally a reproducible reaction to a defined signal has to be
observable.

Proposed Model for Non-chemical Distant
Cellular Interactions

We will attempt to explain cellular interactions via light. Roughly
speaking, our model can be described as following: The photons
are first produced by excited species in the emitter cells. The
signal is then transformed through absorption or/and spectrally
modified by autofluorescence, by the emitter cell’s contents,
to then escape the emitter cells. Finally they are absorbed by

different chromophores in the receiver cells to transmit the
information to the nucleus or other biochemical pathways.

Such a model is purely hypothetical and may never be proven
fully. But as we will see, many required elements are present in
cells and their functionalities are well understood. Let us now
take a closer look at the interaction model by understanding each
element one by one.

The Emitters
For the existence of a working interactive system, first off an
emitter is required. In the case of our model, the emitters are
triplet excited carbonyl, singlet and triplet excited pigments
and singlet oxygen. There are several publications showing the
modulation of UPE, relative to the free radicals and excited
molecules [such as reactive oxygen species (ROS)] [20, 21, 37–
40]. The exact biochemical mechanisms were explained recently
by Pospíšil [26]. Depending on what type of reactions are the
sources and what kind of components are inside the cells, we
will have different types of wavelength ranges and the intensities
[15, 41, 42] of UPE. Also we should not omit that ROS are
themselves part of multiple signaling pathways [43] and therefore
already contain an interesting amount of information. We know
that we have a measurable signal leaving the cells. We now can set
our fist postulate: The signal is present and can in a second time
bemodulated by the cells. As for example: higher ATP production
produces higher ROS concentration, which creates more photons
[20, 44]. We will look at more ways to modulate the signal in the
next paragraph.

The Medium
The photons are the medium in our model. Light can transmit
information in different ways. Following parameters can be
modulated or may be different from the moment of their
existence: Intensity, wavelength and statistical distribution. (We
leave polarization and spin for now, since no biological research
has been done on the subject as far as the author knows).
The hypothesis that UPE could be a medium for biological
information and that the informationmay lie inside the intensity,
spectral distribution and statistical photon count distribution was
already presented in 1992 [45].

As explained above, the intensity of the UPE is part of the
information, because it may tell how many free radical and what
kind of free radicals are in the cells. However, this is far away from
being the most important part of the retrievable information.

The modulation of the signal can be achieved by two well-
known effects:

The first one is attenuation, also known as absorption. In
this case we can only talk about “absorption” when the photons
are really absorbed according to the Beer–Lambert law [46],
by cellular components and not just scattered. In the case of
scattering the photon would still exist and would just change its
direction. If we assume that the photons are not propagating in
any specific direction and we consider that we have a statically
equal amount of photons in every direction, we should omit all
scattering effects. Therefore, only the attenuation matters, when
the photon’s energy is transformed into some other type of energy
and the photon as such disappears. Only then it would have an
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impact on the signal, because it would specifically change the
amount of photons relatively to the amount of present proteins
absorbing at the specific wavelengths. The idea of information
modulation by attenuation has been proposed before [11]. The
fact that cells in different metabolic states have different cellular
components and different absorption spectra is well known and
described in the literature [47–49]. We will not discuss this work
further.

The second phenomenon which is also well known and could
modulate the signal is autofluorescence. Here the photons would
be transformed into other photons with a longer wavelength,
and therefore lower energy, by the proteins and cellular
components. Also here the modulation would directly depend on
the concentration of autofluorescent elements. The literature is
full of lists containing autofluorescent proteins and biochemical
components [50–52, 54]. We will therefore also not discuss this
topic more deeply in this work.

The components which could modulate optical signals
through absorption or autofluorescence could be:

Membranes, cytoplasmic proteins, organelles or vesicles and
their contents, the nucleus and its contents, membrane proteins,
nutrients which were assimilated by the cell, the cytoskeleton
and others would fit to the requirements. Also the information
could be modulated by extra cellular molecules, for example the
surrounding medium or the extra cellular matrix in tissues.

Since cells in different metabolic states will have different
concentrations of absorbing and autofluorescent components,
these will also differ in their patterns of attenuation and
autofluorescent reemission. Therefore, statistically speaking, only
a specific photon spectral distribution will be able to escape
the cells, specific to the metabolic activity of the cells. So in a
manner of speaking we could say that the information lies in
the photons which are “not present anymore” or “have another
wavelength.” We can now set our second postulate: There is a
plastic information medium that reacts directly to the metabolic
state of the emitter (and maybe even its direct environment) and
therefore carries information about the emitter.

The Receivers
To have effective receivers, we need biochemical compounds
which can absorb light (also known as photoreceptors containing
a chromophore) and have one or more aromatic components
[53, 55]. We will now see that these required components are
present in cells.

For example, recently a set of chromophores was discovered
in non-phototrophic bacteria [56], which are able to act as gene
transcription factors. Those proteins fulfill all the requisitions
for receiver molecules. Another example can be found in
rhodobacter. The blue light photoreceptor (BLUF) induces gene
repression [57]. The next typical example of light sensing is
the fungus Neurospora crassa where the gene expression for
differentiation and metabolic activities is also photo-dependent.
In this case flavins act as the main receptors, but also light
dependent enzymes and regulators do exist [58]. In Drosophila
melanogaster the photoreceptor CRY can even mediate neuronal
firing. The same protein was found in humans but its function
remains unclear [59]. In microorganisms the sensing and

responding to light is well researched [60]. In cells various
chromophores are known [61]. The chromophores mainly
respond to photons by a cis/trans isomerization. The effect is
always very wavelength specific. They will therefore only respond
to photons with a specific wavelength.

Chromophores, like rhodopsin, are widely present in maybe
all organisms and could be much more important than assumed
until now. Flavin based photoreceptors are known but their
photochemistry is still a partially unresolved question. E. coli does
insert all known occurring flavins in the protein domain of a
chromophore under growth conditions [62]. Orthologs of blue
light receptors have also been found in, drosophila, arabidopsis,
synechocystis, and humans [63, 64], and can also activate genes
via dynamic conformational changes.

Also photosensitizers can absorb light and transfer the energy
to other molecules which can produce singlet oxygen. Those can
induce gene expression or even apoptosis [65]. Another receptor
mechanism could be through photon induced cross-linking of
transcription factors or other proteins [66].

We should not forget to mention that also the autofluorescent
and absorbing elements in and on the receiver cells might
modulate the signal as explained in Section The Medium. This
might, on the one hand, block information that is not necessary
if the two cells are already in the same state. On the other
hand, it might allow a modulation of the information by the
effect of autofluorescence so that the photons have the correct
wavelengths to hit the right photoreceptors. But such statements
are purely speculative.

Still, we can see through these examples that a large amount
of photoreactive components exist in living systems and are well
known. Definitely more will be discovered in the coming years.
We can therefore set our third postulate: An optical signal could
be perceived by cells on a molecular level by a multitude of
different receptors.

The Compliance
The question of compliance is in this case quite difficult and we
will not be able to answer it completely. How can we be sure
that cells are talking the same language? As for today we cannot
and we may never be able to. But if we take into account the
fact that such an interaction would have been developed over
the generations by natural selection and evolution. In this case
a system without compliance would not make any sense, because
it would not enhance the fitness of an optically interacting group.
Therefore, we could allow ourselves to leave this question aside
for the moment and simply assume that if there is an interaction
then there must be compliance between the emitters and the
receivers.

On the other hand, we can still ask ourselves: What would
be the topic of such cellular conversation? What would cells
or tissues talk about? Looking back at the introduction of this
work, we can observe a recurring pattern: cell division. In an
evolutionary context the topic makes absolute sense. The mitotic
process costs lots of energy. Therefore, cells should have the
right metabolic conditions and access to a profitable environment
with enough nutrients to perform mitosis. Also the absence
of pathogens or other disturbing elements can be beneficial
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to undertake a successful mitosis. If other organisms or cells
surrounding cell are also dividing that could be interpreted as:
“All prerequisites are set for mitosis.” But if for some reason the
cells in the neighborhood are not dividing, it would be preferable
to also wait for more favorable conditions. Since in our model
such information would be generated anyway as a byproduct of
the metabolic activity, why shouldn’t other cells profit from this
information?

Of course such assumptions are purely hypothetical and
experimental evidence is still required to confirm the concept.

Finally in term of physical compliance we can take a look at
the wavelength spectra of emitters and receivers and see if they
are adjusted to each other.

If we take a look at the work from Pospíšil [26] where
the different pathways for the electronically excited species
productions are shown and the wavelengths of the emitted
photons are described, we see that we have following emission
spectra:

- 350–550 nm
- 550–750 nm
- 634 nm
- 1274 nm

We see that most parts of the visible spectra are covered with such
emission patterns.

We now look at the possible receptors, such as the BLUF,
LOV, CRY and PYP domains, the flavins and at the sensory
rhodopsin. We see that these are just a few examples of
possible absorption spectra and many more can be found in the
literature:

- The BLUF domain responds to blue light: the peaks are at 375
and 450 nm [56] and other wavelengths [49].

- The PYP domain can respond to 446, 358, 434, and 465 nm
depending on the cellular state [56, 67].

- Bacterial rhodopsin mostly absorbs green light∼500 nm [68].
- The LOV domain generally responds to blue-light ∼450 nm
[69].

- The Cryptochrome CRY has two chromophores: pterin which
absorbs at a wavelength of 380 nm and flavin at 450 nm [70,
71].

- But flavins can have different oxidation states (the fully
oxidized state, the semiquinone, a one electron reduced
form and the hydroquinone, a two-electron reduced form).
The fully oxidized absorption spectra are around 446, 370,
and 265 nm. The semiquinone state absorbs around 650 nm
and the hydroquinone species can absorb light in the UVB
range [70].

As we see, the emission spectra and the receivers are therefore
in compatible wavelength ranges. As for the modulation of the
signal through absorption and autofluorescence, the spectra of
the modulators in the UV-VIS-NIR regions of many molecules
and proteins are well known [50–52]. We will therefore avoid
losing ourselves in such extensive topics. But we can now
assume that emitted photons could have an impact on the
receiver cells. But we should not forget that, as for now, we

don’t know if UPE could provide enough energy to activate a
photoreceptor.

The Processing
To come back to our problem of signal-to-noise ratio, we will
now take a look at the processing of the signal. Here again we
have no proof for our theory, but we simply take a look at well-
known mechanisms, described in molecular biology and observe
if they would resolve the problem.

The problem of the signal-to-noise ratio is that the signals are
very small and the weak changes are in the range of only few
photons per second. While the noise, the surrounding daylight
produces very large changes and relatively rapid fluctuations. But
we should differ between two types of noises, rapid fluctuations of
a light source (Poisson noise, see Figure 1C) and large jumps of
intensity (when a light bulb is turned on or a cloud passes in front
of the sun, see Figure 1B). While the fluctuations are much faster
than biochemical reactions, such changes would be automatically
average out, since the time scales are different. Or in other words:
The biochemical pathways are in no way fast enough to react
to every rapid fluctuation. Therefore, we estimate that such a
problem can be left by side.

Obviously, a large number of averaging molecules need
to be involved in the photon signal processing in order to
decrease averaging time. Based on the known volumes and molar
concentrations (if we estimate a few thousands of each signaling
protein per cell), there actually could be a sufficient number of
such averaging molecules and pathways to reduce the required
averaging time. Also intercellular biochemical interactions within
a population could also increase the number of such averaging
entities.

On the other hand the large jumps in intensity would require
a different mechanism so that these changes are not perceived as
signals.

FIGURE 1 | This figure illustrates the different types of changes and

noises in a schematic way. (A) A slow and small change in the UPE. Typical

for UPE changes. (B) A large and rapid change. Typical for daylight noises. (C)

Poisson noise.
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It would be a very simple mechanism to integrate a negative
feedback loop [72] (as just one recent example of a negative
feedback loop) that stops overregulation. When a certain level
of signal is overstepped, then the negative feedback would
become active and block the overregulation. This way the cells
could filter out the small changes in large amounts of noise.
The light from surrounding daylight noise source will always
generate large changes (see Figure 1B), in the range of 1e14
photons/s/cm2. Those changes will be simply ignored because
they would overregulate the pathway. Therefore, only small and
slow changes (in the range of few hundred photons/s/cm2) would
have an effect on the biochemical pathway (see Figure 1A).

Let us look at a theoretical example to better illustrate the
signal filtering. Two groups of cells (an emitter and a receiver)
are communicating at ambient light. They use two wavelength
ranges (A and B). The signal has a total 150 photons/s/cm2 (100
photons/s/cm2 in range A and 50 photons/s/cm2 in range B). The
ambient light has 1e14 photons/s/cm2 (5e13 photons/s/cm2in
range A and 5e13 photons/s/cm2 in range B). In the next
two steps two changes will happen. First a new light source is
switched on in the room (as in Figure 1B), now the noise has
1.5e14 photons/s/cm2 (1e14 photons/s/cm2in range A and 5e13
photons/s/cm2 in range B). Therefore, the change of intensity in
range A has a magnitude of 5e13 photons/s/cm2. Every change
bigger than 1e6 photons/s/cm2 (This number is hypothetical
and only serves as an example, still it has to be bigger than the
fluctuation of the noise, see Figure 1C) still overregulates the
pathway and is therefore ignored. In a second time the emitters
send a new signal (as in Figure 1A) and the UPE in range A is
decreased to 70 photons/s/cm2. The change is now small enough
(30 photons/s/cm2) to have a slight impact on the biochemical
pathway. The important concept here is that the cells are reacting
to changes of light intensity and not actual intensity. Therefore,
they must be able to differ between the amount of light they
received before and the amount they receive now. The exact
time scale between “before” and “now” cannot be defined since
this parameter would depend on the reaction times, life time of
the proteins and the concentration of the different yet unknown
molecules of the pathways.

Such a mechanism is easy to understand and makes the
concept that weak photon emission could still be a good medium
for information quite plausible. But since for the moment there
is no evidence for such a mechanism, the question if very few
photons could transmit information, will remain unanswered
[29] as long an experimental proof is inexistent.

Next we want to propose a second mechanism to show
how easily information could be hidden and decoded in a little
amount of light. Let us consider a set of different chromophores,
each reacting only on one specific wavelength. Also each
chromophore is at the beginning of at least one biochemical
pathway. If now those pathways are interacting with each other,
the information could be hidden in a relative amount of photons
and not in an absolute number of photons. By using a relative
signal of two (or more) wavelengths, information could reliably
be transferred with very little light, independently of the amount
of emitting cells. By coupling two or more detectors cells
could also better differ between noise and signals. Therefore,

we consider that interacting pathways as mandatory for our
hypothesis. Also we should consider the concept that the different
receptors could be distributed on more than one cell.

If the amount of photons in one wavelength range changes
relatively to the photons amount in another wavelength range,
then the ratio is modified. If the two pathways are interacting
with each other it could end up a more complex regulation.
Since interacting pathways are something absolutely common
in biology, the assumption that the pathways of two or more
photoreceptors are interacting, is not unreasonable. We should
not omit the fact that interacting pathways of photoreceptors
have already been observed in plants [73].

The real information would therefore not lie in the absolute
number of photons, but in the relative numbers of photons in the
different wavelength ranges. Thus, we could express the photo-
information matrix 2 with, for example four wavelength ranges
(as in the example in Figure 2) we would have six ratio values
in the

2 matrix= (a; b; c; d; e; f)
which would be the 6 ratios (a; b; c; d; e; f) of wavelengths
ranges of the 4 photoreceptors (Pr):
Pr1, Pr2, Pr3 and Pr4 as
a = Pr1/Pr2; b = Pr1/ Pr3; c = Pr1/Pr4; d = Pr2/Pr3; e =
Pr2/Pr4; f = Pr3/Pr4.

Since the photo-information 2 is expressed by a number of
photons per second divided by another number of photons
per second, it has no unit. This kind of matrixes combined
with the information about the absorption spectra and the
autofluorescence spectra of the samples could help researchers
to analyze the UPE data. By identifying the exact chromophores
and their wavelength ranges, we should be able to reproduce the
signals. We could then verify this hypothesis by observing the
cellular effects.

If we take a look at the list of chromophores [56] present in
different organisms we can see that around a third of all listed
organisms have more than one known chromophore, and could
therefore be candidates for more complex signal integration.
A list for further hypothetical receiver pathway like metabolic
processes can be found in another work [11].

Since the research about photosensory proteins is only at its
beginning, many other photoreceptors may be discovered in the
next years. Some pathways are already known [49, 55, 74]. We
hope that this model inspires researchers to look at and for
integrated pathways of photoreceptors.

Taking into account the modulation through absorption, the
negative feedback loop and the relative amount of photons, it is
understandable that not a high amount of photons will have a
high amount of information, but a low amount of photons will.
We have also understood that the ratios and therefore the shape
of wavelength spectra of the emission patterns are the key factors
and not the total intensity of UPE.

We can now see that the processing of the information
could take place in the cells and the information could be
“understood” and a cellular reaction could take place. As
mentioned before such phenomenon have already been observed
in several experiments [4, 5, 12]. Knowing that cell cultures can
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FIGURE 2 | This figure illustrates how the model could function, but it

does not reflect any specific proteins or pathways. On the left side are

the emitter cells in two different metabolic states. Depending on the state,

different amounts of light will be able to escape the cells in different

wavelengths. On the right are the receiver cells. In between there is a

chemical barrier which restrains chemical interactions but makes an optical

interaction possible. The information matrixes show the different ratios that

could be found if certain wavelengths modulators (autofluorescent or

absorbing elements) are present or not, without changing the original

emission spectra.

react on a genetic level to optical signals [27] we can set our last
postulate: The information could in theory be processed by cells
and metabolic changes in reaction to the signals can be observed.

Conclusions

We have demonstrated that all elements for non-chemical distant
cellular interactions are or could be present in cells and an
information exchange could theoretically occur via light. Since
no proven biological model exists at this moment to explain
this phenomenon we consider our model as a good preliminary
solution. But we must also consider that for such a model,
following mechanisms must exist:

- Cells must emit photons.
- Photons must be modulated (partially absorbed or
transformed by autofluorescence) by the cell contents or
other extra-cellular molecules.

- Different photoreceptors must be present in the cells.

- The biochemical pathways of the photoreceptorsmust interact
with each other and have a negative feedback loop to filter out
the noise.

All these elements have been summarized in our graphical
model (see Figure 2). This figure illustrates how the model could
function, but it does not reflect any specific components:

The emitters are chemically, but not optically, separated from
the receivers through a barrier. On the upper left side we see an
emitter cell with is emitting light in three different wavelength
ranges. As an example the absolute amounts of photons were
defined as “2” (This number is purely theoretical and does
not reflect any real values, it was only chosen to simplify the
calculations) on all ranges in this example. Once the photons
are received by the photoreceptors, the signals are filtered by a
negative feedback loop to avoid over regulation by stronger noise.
In the next step the biochemical pathways are then combined
generating the information matrix with the relative amount of
photons integrated.
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On the lower side we added in this example, one absorbing
and one autofluorescent elements, emerging from the altered
metabolic state. The two metabolic states could be, for example:
the cells are undergoing mitosis or not. This causes that one
of the ranges is partially absorbed, which is also setting the
absolute amount of received photons to “1” (This number
is purely theoretical and does not reflect any real values, it
was only chosen to simplify the calculations). Another one
is partially transformed by autofluorescence into a fourth
wavelength range; therefore those two ranges have now a relative
amount of photons of “1.” Depending on the concentrations
of the autofluorescent molecules and absorbing molecules the
amount of light would relatively change. We do not take

into consideration the probability that the photons actually
reach the receivers. We consider that the amount of cells
on both side have to be large enough to neglect such
calculations. We can see how easily the smallest changes of
the concentration of a specific molecule can alter the relative
information matrix perceived by another biological system. Such
changes could then alter gene activities or have other metabolic
effects.

We hope that this model will be confirmed by future
experiments and research projects. We also prospect that in
the future more chromophores and biochemical pathways,
connecting the receptors between them, will be identified to close
the remaining gaps.
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