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Abstract

The diversity of biological processes in the cell, which often occur in parallel, requires very
good temporal and spatial coordination. In addition to the very extensively studied
intracellular chemical signalling, a comprehensive physicalinformation system appears to be
required. The hypothesis is presented that the thermally induced vibration and photon
emission of the biomolecules is the basis ofsuch an information system. The electromagnetic
ultra-weak radiation exactly reflects the chemical structure of the emitting molecule. Under
specific conditions, itis partially coherent and can then activate other molecules through
resonance. Aspects of emission and resonance are discussed in detail. The hypothesis is
demonstrated using the example of communication between the cell periphery withthe Golgi

apparatus, the signal transduction pathways and intranuclear transcription.
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Introduction

In every cell of a living organism, numerous chemical processes are constantly taking place
that require intensive temporal and spatial coordination.The majority of biochemical reactions
and important intracellular information processes on a biochemical basis have been
excellently investigated (1,2,)In contrast, the innumerable necessary feedbacks, signal
amplifications and cross-links in intracellular signal transduction are only incompletely
investigated. It is not conceivable that these multifaceted intermolecular relationships only
take place by means of chemical ligands or reactants through direct contact with the target
molecules, whereby the reactants reach the contact through diffusion. However, it is quite
conceivable that a physical intramolecular information system exists that complements the
chemical information system studied in detail and enables the comprehensive networking ofthe
various reactions. The basis of such an information system, which includes all moleculesof a
living cell, could be molecular vibration and the photon emission associated with it.
Endogenous electrical and electromagnetic phenomena in connection with biochemical
processes have been investigated in many ways (3-13.), but molecular vibration as a possible
basis of such an information system has not yet been fully discussed. In several articles we
have developed a hypothesis of such an intramolecular signalling system on thebasis of photon
emission and reception and discussed it using the example of communication between the

Golgi apparatus and the cell periphery as well as intracellular signal transduction

pathways.(14-18)

In the following, these publications will be reviewed, clarified in some aspects and processesof
transcription, including error correction, will be discussed using this hypothesis. Above the
absolute 0 point, all molecules oscillate. The characteristics of molecular vibrations have been
extensively studied in the context of spectroscopy (19-22.) and some aspects of spectroscopic

theory are presented below.

The molecular vibration

The oscillation is explained by the oscillation model of small mass particles which are
elastically connected (19.). Even a two-atomic system oscillates in different axes and at
different frequencies, which depend on the type of atoms and the bond and are sinusoidal. In
polyatomic systems, there are numerous other possibilities according to the molecular

structure. If the frequencies are different, they remain separate from each other; if they are
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similar, they can couple and possibly form a new frequency. The number of different
vibrational frequencies in non-linear macromolecules with n atoms is 3n-6. Atomic groups ina
molecule that are not vibrationally coupled have in any molecule about the same frequencies.
Atomic groups containing heteroatoms in specific bonds, so-called functional groups, have
correspondingly specific frequency patterns (19-23). The overall frequency pattern of a
molecule thus accurately reflects the structure of the molecule and is thus directly related to
its function. The recognition of functional groups based on their vibration frequency is the

basis of spectral analysis.

Electromagnetic radiation of biomolecules

The oscillation produces a specific electromagnetic radiation whose strength is temperature-

dependent and whose frequency spectrum reflects the chemical structure of the molecule(19).

According to the dualism of radiation, it consists of photons whose energy differs by an exact
number of quanta. The absorption of thermal energy results in an activation of the atoms by
raising the electrons to a higher energy level. Photons are created by the decay ofthe exited
state to a lower electronic state of the atoms. Each biomolecule thus constantly generates a
photon stream with a constant frequency pattern. This frequency pattern is composed of the

egg frequencies of the atoms. (24-26) The frequency of the individual photons is between

1013-1015Hz, their speed about 3x108 m/s in vacuum (speed of light).Theoscillation plane and
phase are random (incoherent), as long as there are no additional influences on the molecular
groups that force or support the oscillation in the same phase (coherent emission).(24-26) The

sum of the photons represents the thermal radiation.

Chemical reactions and crystal structures can lead to coherent emissions.

Photon absorption through resonance

If photons meet molecules that have atomic groups with the same oscillation frequency of
sufficient energy and an identical oscillation plane in opposite phase, they are absorbed by
resonance. The molecule reaches a higher energy state due to the energy absorption. This can
cause a chemical change in the molecule, for example a conformational change, or thehigher

energy state relaxes back by emitting photons. (27)

Conformational changes of the molecule can lead to functional changes, for example, to the
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activation of enzymes or transport proteins or to a change in the polarity of the molecule.
Cosic and co-workers (28) have investigated the interaction of protein-protein and protein-

DNA. They were able to show that proteins resonate at frequencies in the range of 1013-

1015Hz vibration patterns of macromolecules of different types can interact with certain
proteins if parts of their vibration patterns match. Cosic et al. (28,29) experimentally
demonstrated that proteins with the same or similar function share some common frequencies,
needing for function of that specific target protein. There are dominant frequencies in the
frequency pattern and a complete match is not required for activation. Theenormous number of
molecules in a cell, all of which constantly emit a photon stream of different frequency in

different phase and polarity, cause an electromagnetic background noise of the cell (29,30)

Coherence of photons

A cell consists of an enormous number of different molecules that constantly emit numerous
photons of different frequency, phase and polarity at the temperature typical of the cell. A
signal should emerge from this background in order to be utilised. In principle, the energy ofa

photon is not sufficient to cause a conformational change in a molecule. The energy of a

photon in the IR-range amounts to (1-4)x10'19J.(31,32) A conformational change of a
macromolecule of the cell involves the dissolution of dipole bonds, hydrogen bonds and
different van der Wahls forces and the change of the stereoisomerism of a part of the

molecule. The energy required for this is different for each molecule. The binding energy of

the very soft dipole-dipole bond is about (0,1-10) x10-197 , that of the hydrogen bond is tenfold

higher, the energy differences of the stereoisomers of the structural very simple cyclohexaneare

more than 5x107197. (32). From this it can be deduced that a substantial number of coherent
photons is required to produce a conformational change in a molecule and to put the molecule
into an activated state8 (33,34). The coherence of the absorbed photons is thus an important
condition. At the same time, this ensures that no random activations of enzymes or other

unwanted activations of molecules occur.

Protein phosphorylation and signal transduction

Phosphorylation plays a central role in most signal transduction steps. Many signal

transduction steps are associated with the activation of a specific kinase, which leads to the
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phosphorylation of the protein. (35-39) The coherent photon current thus not only transfers
the specific signal to the acceptor molecule, but also activates the specific kinase at the same
time. The phosphorylation catalysed by this kinase provides part of the energy for the
conformational change in the resonating part of the molecule. This activation enables the
emission of the partially coherent photon stream with which the signal is transduced, and the
corresponding kinase of the following transducer protein is activated. There are probably
different variants of the processing of the recorded signal: A longer existing conformational
change of a molecule is useful for the activation of an enzyme and will take place where it is
required according to the signalling. However, most transduction steps are only intermediate
steps and the protein involved must quickly return to its original state. This means that the
energy absorption leads to the activation of a group of atoms in the resonating

molecule, which return to their initial state after photon radiation and thus signaltransmission.

Coherence and quasicrystalline structure of water

Maintaining the coherence of the emitted photons to the next target protein is important.
Chaotic water structures (bulk water) would cancel out the coherence. However, the water
molecules are predominantly present in a quasicrystalline structure, caused by the charge of
the membranes and the charge of the macromolecule (40-44.). The charge of a protein
continues in the dipole order of up to approx. 10 water layers. Due to the relatively high

concentration of such charged molecules, the proportion of bulk water in the cell is low.

Photons and membranes of the cell

The cell itself, the nucleus and the mitochondria are delimited by membranes whose micellar
structure of polar lipids and proteins generates a permanent charge. It is likely that the
coherence of the photons is cancelled out during passage. The membrane acts like a Faraday
cage. (10) This means that neighbouring cells cannot be affected randomly and intracellularly
the signalling effects are equally spatially confined to the organelle in question.Some organelles
have membranes that are not closed, such as the Golgi apparatus or the microtubule system.

Here, the passage of coherent photons is possible and functionally necessary.
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The intracellular Signal Transduction Pathways

Numerous endogenous and exogenous substances that send signals into the cell dock to
specific receptors on the cell membrane, are introduced into the cell with these receptors or
remain bound to the receptor and emit specific signals into the cell. These signals are
transmitted via a chain or network of specific proteins to the nucleus and special cell
organelles in order to induce metabolic and genetic effects there. The primary step is the
binding to the extracellular part of the respective membrane receptor, which leads to a
conformational change of the intracellular part of the receptor. This change causes an affinity
change of the molecule towards a specific messenger molecule and thus the prerequisite for
chemical signal transduction. Many chemical signal transduction steps are well
studied.( 1,2,10). However, if they were the sole basis of signal transduction, temporal aspects,
signal amplification, coordination and feedback mechanisms would be difficult to explain.

Physical signal transduction is thus very likely for parts of the network.

The majority of protein-to-protein signal transductions involve a phosphorylation step (36-
39).This provides the necessary energy for both a chemical reaction and coherent photon
emission. Some of the proteins involved are interconnected and enable direct signal
transmission. However, the number of proteins are separated by several water molecules. The
versatile feedback and cross-linking required in the network, coupled with amplificationof the
signal, makes it likely that photon-based signal transduction will predominate. The required
energy is provided by accompanying phospholysis-reactions. Activation of the specific kinase
occurs together with the reception of the coherent photon stream. Details ofthis hypothesis are

presented in the articles. (16,17.)

Communication between Golgi apparatus and cell periphery

The macromolecules formed in the Endoplasmic Reticulum are stored in the Golgi apparatusand
finalised as required, provided with signalling and transport proteins and transported as
transport vehicles via the microtubule system to the site of need (15). Molecules that are
intended for secretion are fused with the cell membrane and secreted into the extracellular
space. However, many macromolecules of the membrane, cytoplasm and organelles need to
be replaced because they have been altered by synthesis, oxidation or other chemical reactions.
During this process, an altered infrared photon flux is emitted from the affected molecules,

which is partially coherent due to the chemical reaction and the molecule activation caused by
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it. The coherence is maintained by the quasicrystalline structure of thesurrounding water. This
photon stream is conducted via the skeleton-microtubules system or the signal transduction
pathway system to the Golgi apparatus. There it is absorbed by an enzyme responsible for the
final processing of the molecule to be replaced, based on thefrequency pattern. This activates
the enzyme and initiates the chain of reactions leading to the replacement of the molecule,
including navigation and directed transport to the site of demand. Details are described in

articles (14,15).

Signalling in the nucleus

The question should be discussed whether the hypothesis is suitable for answering open

questions of genetic transcription, including the mechanisms of error correction,

All cells of eukaryotes have a nucleus and signals, which often come from the cell periphery,
control the transcription mechanisms in this nucleus. When a specific protein is required,
these signals must reach the specific enzymes that initiate transcription and start the processat

the specific gene.

The signal crosses the cytoplasm by means of the signal transduction pathway network. Link
proteins are responsible for the passage through the nucleus envelope and the incoming
signal leads to a conformational change of the link protein in the intranuclear part of the
molecule. Photon emission and resonance activate the specific RNA polymerase and induce the
formation of the preinitiation complex by means of the corresponding transcription factors. This
enzyme complex docks with the promoter of the specific gene and initiates transcription. (47-49)
The energy of each transduction step is provided by phosphorylation processes, as in the
processes in the cytoplasm. The subsequent complicated process of transcription is well
studied (47-49). Process control with the help of signalling by photon emission and

resonance seems conceivable in principle.

It is more difficult to explain the signalling mechanisms in the correction of errors that occur
during transcription with the help of the photon emission and resonance hypothesis. The
triggering signal is the transcription error. However, that can be very different.
Correspondingly, the emitted photon pattern generated by the error-hidden mRNA sequenceis
different (49), However, the same enzyme complex is often activated, which recognises this
faulty RNA sequence and initiates their elimination. This means that very different photon

patterns activate the same enzyme system. However, this is not in accordance with the
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hypothesis. Possibly, the two DNA strands separated from each other during transcription,
together with the transcription error in the developing RNA strand, generate the signal for
enzyme activation or entanglement of the affected molecule parts plays a role. However, such

mechanism needs separate intensive consideration.

The following steps of error correction probably take place with the help of specific
programmes in which the individual steps and feedback mechanisms are induced and
controlled by photon emission and resonance, which would be in good agreement with the

hypothesis.

Discussion

In addition to the well-studied chemical signalling, a physical signal-transduction system

seems to be required for many intramolecular processes.

At the temperature of life, macromolecules emit a photon flux in the IR frequency range that
reflects the structure of the molecule. Under specific conditions, this photon flux is partially
coherent. The hypothesis presented is based on the assumption that coherent photons of
sufficient energy can lead to an activation of the receiver molecule through resonance. The
resonating atoms in the molecule can also emit a coherent photon stream when returning tothe
ground state. That enables the signal to be passed on to the following transduction molecules,
or a conformational change in the receiver molecule occurs through additional energy supply
with the help of protein phosphorylation and thus to enzyme activation or activation of

transport processes.

The principal possibility that light, i.e. electromagnetic energy, can produce molecular
conformational changes has been confirmed many times by studies of the visual process (50,
51). Photons hitting the rhodopsin anchored in the cell membrane with sufficient energy and
suitable frequency lead to the conformational change of the rhodopsin-retinal complex of the
eye. Intracellularly, the conformational change enables the binding of the G-protein to the
complex and induces signal transduction, which immediately results in a strong amplification

of the signal.

In the olfactory process, the primary conformational change of the receptor molecule throughthe
chemical binding of the odorant to the extracellular part of the receptor is the primary process

(52), although another theory is also being discussed. This theory assumes that thesignal is
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triggered by resonance of the photon pattern of the odorant in the receptor molecule (53, 54).

The principle of chemical binding of a ligand to a specific receptor on the cell membrane and
the subsequent conformational change of the intramolecular part of the receptor is generallythe
operating principle of the first step of signal transduction into the cell (55-58). For example, in
the insulin signal transduction network, it is the primary step. In the very branched network,
signal transduction is well studied. It can be assumed that it is partly physical. If the
molecules are directly connected to each other, the signal is likely to be directly propagated.
However, the many branches in the network and the amplification of theinsulin signal make it
likely that a large part of the transmission takes place through the emission and reception of
coherent photon patterns. Probably, as in many other intracellular information processes,
chemical and physical transduction mechanisms coexist here. The majority of transduction
steps involve protein phosphorylation (55,56), with some transduction molecules having
kinase properties that are directly activated during signal transduction, or the transduction
molecules are directly linked to specific phosphokinases. (56-58.) For example, the insulin
receptor is a phosphokinase. Phosphorylation by kinases and dephosphorylation by
phosphatases occur at high speed.

The question of how the hypothesis formulated here fits into previous knowledge of signal

transduction in the cell is discussed as follows:

The chemically dominated signalling with all its components is supplemented by the physical
signal transduction system. Some transduction steps are determined exclusively by chemical
processes, such as the action of ion channels, the G protein coupled reactions, the second
messenger dependent transduction steps. In other steps, the physical interaction shown is the

sole mechanism, e.g. within the map cascade.
In chemical technology, electromagnetic energy is used to carry out reactions.

With the help of sufficient energy of specific wavelengths, many chemical reactions can be

carried out e.g. by means of lasers (59, 60).

Infrared fingerprint patterns of different macromolecules have been used relatively rarely in

biological research.

In pharmaceutical research, for example, molecular vibration patterns and their photon
patterns have been successfully used to distinguish agonists and antagonists for adenosine

receptors (61, 62).
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Proteins with the same function have identical proportions in their molecular frequency
patterns (29). The differentiation of stem cells into osteoblasts is triggered by light of specific
wavelength according to Cosic et al. (24). It was shown in cell cultures that there is a direct
correlation between chemical changes in the cell and specific photon emission (64) Ultraweak
infrared frequency patterns have been used to differentiate dead and living cells in cell
cultures (32) . With the help of the ultraweak photon pattern, malignant cancer cells can be
detected,and this finding could become significant for clinical diagnostics (63, 64). While
mitosis and apoptosis are based on fixed programmes, it is likely that the necessary feedback

(66) is provided by physical information systems as described.

Conclusions

The presented hypothesis explains the interaction of biomolecules over intracellular distances.
It could also be the basis for better understanding the communication between cells and the
extracellular matrix and between cells themselves. The hypothesis has to be proven
experimentally and could then be the basis for revealing pathogenetic mechanismsand their
therapeutic influence. It is very likely that the application of quantum physics in biology and

medicine will provide many new insights in the future.
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