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ABSTRACT 

Discoveries concerning the neurotransmission mode of the nerve impulse contributed a lot to the development of 
modern neurosciences. Neurons release chemical agents, such as neurotransmitters and neuromodulators, which 
bind to receptors of their target cells, enabling, thus, propagation of nerve impulse from cell to cell. In the nervous 
system, intercellular exchanges of information take place as bindings of ions or molecules to receptor proteins. These 
bindings induce changes in the conformation of the proteins which can, in this way, integrate and memorize physical 
and chemical alterations affecting the surrounding neurons. The researches on learning and memory are based on 
these concepts. However, the revolutionary advances in quantum physics allowed new hypotheses to be addressed in 
the functioning of the nervous system, particularly in the brain. Indeed, new technologies based on the application of 
quantum mechanics were recently devised, such as scanning tunneling microscopy and transient absorption 
spectroscopy. The use of these methods revealed that quantum particles, like electrons, might play so far unknown 
roles in the biological processes. Thus, electron transfers by tunneling effect have been evidenced between molecules 
of the photosynthetic and respiratory chains, retina and DNA. Moreover, such biophysical investigations established 
that proteins could function as holographic media, integrating and recording multiple particles emissions. These data 
suggest that, in the nervous system, a single molecule might integrate and memorize, in the shape of wave 
interference figures, a gigantic amount of physical and chemical signals arising from its surrounding medium. 
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Introduction1 
In 2008, Shigeru Tsuji, the author of an 
important achievement in the histochemistry of 
the cholinergic synapse (Anglade and Larabi-
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Godinot, 2010), expressed his intent to 
investigate the active zone of the synapse with 
the aid of “quantum biology” (electron 
transfers). Beyond the fact that this 
denomination is rarely used, “quantum biology” 
is still not a well-established domain. This 
probably emphasizes the understandable 
difficulty for the neurobiologists to take into 
account the laws of quantum mechanics. In this 
context, the present paper aims at drawing 
attention to the urgency for introducing 
quantum physics in the researches concerning 
the nerve system, in particular on the neuronal 
synapses (Tarlaci, 2011).          
 Today, it is well established that nerve 
impulse propagates through highly specialized 
cellular entities, the neurons, considered as the 
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functional units of the nervous system. 
Likewise, it is known that the transmission of 
nerve signals from the neurons to their target 
cells is mediated by neurotransmitters which, 
after being released from the neuronal endings, 
bind to receptors located on the effector cells. 
The advances made in neurophysiology and 
pharmacology during the 20th century are 
furthermore, based on these fundamental 
concepts. However, the development of 
quantum physics gave rise to a revolution in 
many scientific areas. The laws of quantum 
mechanics that govern the atomic particles lead 
to conjecture that transmission and integration 
of information inside the brain do not only rest 
on these well-known neuronal concepts. Thus, 
ideas, which were rejected owing to their 
erroneous side, may come back into 
consideration with new significations. 

 At the end of the 19th century, many 
neurobiologists did not view the neurons as 
functional units of the nerve system. The most 
famous among them was the Italian medical 
doctor Camillo Golgi, who devised a histological 
staining of the nervous tissues that marked his 
epoch (Golgi, 1885). Golgi considered the brain 
as a diffuse nerve network, according to the 
“reticular” theory, shared at that time by a lot of 
scientists. Others, such as the Spanish 
histologist Santiago Ramon y Cajal, supported – 
and the future showed them to be right – the 
“neuronist” theory following which the neurons 
were entities anatomically separated from each 
other (Ramon y Cajal, 1906). Golgi assumed 
that the nerve impulse was propagating inside a 
network made of the anastomosed fibrilles of 
the neurons. The Italian histologist considered 
this network of amalgamated fibers and 
neurons as a true functional unit. While Cajal 
was first concerned about the details of his 
microscopic observations, Golgi was more 
careful of holding the idea of nervous network 
rather than defining its histologic basis. And 
contrary to a current opinion, Golgi hesitated 
for a long time to express his idea on the 
anatomical relationship between nerve fibrilles 
of adjacent neurons (Raviola and Mazarello, 
2011). Only late, when he vehemently defended 
his reticularist theory, he strongly asserted that 
the fibrilles were amalgamated at their junction 
sites. Finally, the first observations of the 
nervous tissue by electron microscope clearly 
demonstrated that the neurons were separated 
each other at their junction zone, the synapse, 
by a gap called “synaptic cleft” (Palade and 
Palay, 1954 ; De Robertis and Bennett, 1955 ; 

Robertson, 1956).  These data, in agreement 
with the demonstration of the chemical nature 
of the nerve transmission (Loewi, 1921) and 
with the description of the neuromuscular 
junction (Couteaux, 1947), definitely showed 
that the “neuronists” were right. The reticularist 
theory was then definitely forsaken. 

 However, the recent introduction of the 
concepts of quantum physics in the 
neurosciences resulted in new hypotheses about 
the presence, in the brain, of putative functional 
entities that were not based on the traditional 
concept of the neuronal unit (Atmanspacher, 
2006). Moreover, recent experimental data on 
intermolecular transfers of quantum particles, 
such as electrons, have opened insights on 
unsuspected intermolecular communications 
(Gray and Winkler, 2005). Though these 
assumptions remained to be proved, they 
suggest that, without questioning the neuron as 
functional unit in the brain, there might also be 
unknown communication and integration 
modes of information, which do not correspond 
to the well described interactions between the 
neurons. Thus, the theses of some precursors, 
such as Pierre Flourens (1863; see below) or 
Camillo Golgi (1891), came back in a 
perspective that these authors were, 
nevertheless, far from conjecturing. 

 

Molecular interactions are based on 
chemical bonds: a general concept in 
biology  
The discovery of the elementary particles of the 
matter and the description of their properties 
has overthrown the understanding of the 
physical world. Indeed, it was shown that 
electromagnetic phenomena (light, electric 
current…) could be divided in finite numbers of 
elementary quantities of energy, called quanta. 
These quanta do correspond to matter particles, 
like photons or electrons. Thus, the 
electromagnetic phenomena are both waves and 
corpuscles (Segrè, 2007). These data enabled 
investigators to precise the structure of atoms 
and molecules. They showed that electrons were 
ordered in layers around the atomic nuclei, 
following discontinuous energy levels. Hence, 
they could establish that the chemical 
properties of atoms and molecules were mainly 
due to the electrons of the peripheral layers, 
owing to the essential role of these particles in 
the chemical bonds between atoms. New 
technological devices followed this revolution, 
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which induced a renewal of the concepts in 
biology. 
 In living organisms, chemical bonds are 
mainly due to electron exchanges between 
atoms that constitute ions or molecules. These 
interactions are composed of elementary 
reactions: oxidation, when an atom or a 
molecule donates one or several electrons, and 
reduction, when an atom or a molecule receives 
one or several electrons. Organic molecules, like 
amino acids, proteins or nucleic acids, interact 
by such oxidation-reductions to form more or 
less complex assemblies in the cells. Similar 
intermolecular bindings are the holders of 
information transfers from one molecule to 
another. Such information transmission often 
results in a “conformational” change of these 
molecular assemblies (Changeux, 1990). The 
structural modifications of the molecules can 
lead in turn to their functional alterations. 
Thus, complex interactions can take place 
between molecules to regulate the development 
and survival of the living organisms.  

 

Figure 1. Schematic drawing of the conformational changes of 
the acetylcholine (ACh) nicotinic receptor of the neuromuscular 
junction. Synaptic vesicles (sv) of the nerve terminals (NT) of 
the neuromuscular junction merge with presynaptic membrane 
(Pre) and release ACh in the extracellular synaptic space (ES). 
ACh molecules (white circles) bind receptors located on the 
postsynaptic membrane (Post). This binding induces an 
alteration in the conformation of the receptor which changes 
from a resting (R) to an active (A) state. A steady release of ACh 
leads to a strong discharge of calcium ions (Ca – black dots) in 
the extracellular synaptic space. Then, Ca ions bind nicotinic 
receptors to a site different from ACh. The binding of Ca ions 
evokes a change in the conformation of the receptors which get 
a desensitized state (D) for which the affinity for ACh is altered. 
In that case, the desensitized state is the physiological outcome 
of the concomitant binding of ACh and Ca ions. This state of the 
receptor molecules corresponds to a local and temporary 
memory of a strong activity of the surrounding nerve endings. 
MC: muscle cell. 

In the nervous system, specific molecules 
can receive and integrate information 
from surrounding cells by their binding 
sites 
The nervous system is characterized by a high 
specialization of exchange and integration of 
intermolecular information. This feature has 
been well described by extensive studies on the 
nerve transmission at the level of the synapses 
of the neuromuscular junction (Changeux, 
1990). Acetylcholine, the neurotransmitter 
released from the nerve endings, binds with 
nicotinic receptors of the muscle cell 
membrane. The binding takes place between 
the cationic quaternary ammonium radical of 
acetylcholine and pi electrons of amino-acid 
residues of the receptor protein (Beene et al., 
2002). This association evokes a 
conformational change of the protein by which 
a Na+ permeable ion channel opens in the 
middle of the molecule. The entering of Na+ 
ions in the muscle cell through the channels 
induces electrical depolarization of the 
muscular membrane, responsible for muscle 
contraction (Changeux, 1990). 
 The nicotinic receptor of acetylcholine 
became an important model to study the 
molecular mechanisms associated with learning 
(Changeux and Dehaene, 2008). In addition to 
the binding sites of acetylcholine, this protein is 
endowed with other sites that can bind, for 
example, inhibitors of nerve transmission or 
calcium ions. The binding of such ligands to the 
receptors can induce a change in the 
conformation of this protein (for that reason 
called “allosteric” protein) and, consequently, in 
its physiological functioning. Thus, after its 
conformational change due to the binding of 
acetylcholine, the receptor passes from a resting 
to an active state. This leads to the opening in 
the middle of the receptor of a channel by which 
Na+ ions enter the muscle cell. On the other 
hand, a steady stimulation of the receptor by 
acetylcholine evokes desensitization of the 
protein that develops a new conformation by 
which it becomes less sensitive to the 
neurotransmitter than at resting state. This 
desensitized state is regulated by electric 
activity occurring after steady stimulation of the 
neurotransmitter or by binding of calcium 
released from active neighboring synapses 
(Changeux and Edelstein, 2005) (Figure 1). 
Thus, one receptor can integrate different 
signals originating from several synapses. In 
response, this receptor can develop a 
conformation reflecting, at one given time and 
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place, both the memory of its proper 
physiological state and of the activity of the 
surrounding cells (Changeux and Edelstein, 
2005). Computerized models of such multiple 
integrations taking place on receptors may 
allow the investigation of the phenomena of 
signal integration at the level of neuronal 
networks (Changeux and Edelstein, 2005). 

 The sensorimotor synapse responsible 
for the reflex of the gill withdrawal of Aplysia 
californica (sea slug) is another cellular and 
molecular model of signal memorization and of 
learning (Bear et al., 1996; Kandel et al., 2000). 
A weak stimulation of the siphon of Aplysia 
leads to moderate withdrawal of the gill. A 
strong stimulation of the tail induces an 
important withdrawal of the gill. The alternative 
applying of these two stimulations provokes an 
increase in the response to a weak stimulation 
of the siphon (Bear et al., 1996; Kandel et al., 
2000). This sensitization of the gill withdrawal 
would be due to a molecular complex 
compounded with a serotonin receptor 
(associated to a G protein) and with a molecule 
of adenylyl cyclase. This complex, located on 
sensory neurons of the siphon, can integrate 
two signals: the binding of serotonin, released 
from an interneuron following a strong 
stimulation of the tail of the animal, and the 
binding of calcium, entered after the action 
potential evoked by a weak stimulation of the 
siphon (Bear et al., 1996; Kandel et al., 2000) 
(Figure. 2). The consequence of the synergic 
action of these two signals is that intracellular 
cyclic AMP levels, measured during siphon 
stimulation, are greater in the case of 
conjugated tail stimulation. This increase in 
cyclic AMP levels successively leads to an 
activation of a Kinase A protein, an increase of 
the neurotransmitter release from the sensory 
neuron, and, thus, a greater response of the 
motor neuron of the gill (Bear et al., 1996; 
Kandel et al., 2000). 

These two examples of extensive 
researches on the molecular and cellular bases 
for learning and memory indicate that, in the 
last decades, molecular biology has much 
progressed in elucidating intermolecular 
reactions and their multiple levels of 
integration. Physiological signals are collected 
by molecular receptors as bindings with ions or 
molecules coming from surrounding medium. 
These receiving molecular assemblies can 
integrate several signals at different binding 
sites. Owing to their bonds with the ligands, 

they develop new conformations that represent 
the memory of new physiological states of their 
surroundings at one given time. Thus, 
regulation of the development, survival, and 
reproduction of a living organism begins to be 
understood from molecular elementary 
chemical associations and dissociations of 
molecules. In other words, exchange of 
information and recognition between molecules 
passes through chemical bonds carried out by 
electrons.                                                                                                     

 

 

Figure 2. Schema of the molecular substrate of an associative 
learning in Aplysia (After Bear et al., 1996). A strong stimulation 
of the tail of Aplysia induces a release of serotonin (5HT – white 
circles) from the endings of an interneuron (IN) which makes 
synapse with a sensory neuron (SN) of the siphon. The 
stimulation of the siphon results in calcium ions (Ca – black 
dots) entry in the sensory neuron (SN). The alternate 
application of the two stimuli induces an increase in the gill 
withdrawal caused by siphon stimulation. The increase of the 
reflex of gill withdrawal would be due to a molecular complex 
composed of a 5HT receptor (R) associated to a G protein (PG) 
and of an adenylyl cyclase molecule (AC). This complex, located 
on the sensory neurons of the siphon, can integrate two signals 
(cf. arrows 1 and 2): the binding of 5HT, released from the IN 
following a strong stimulation of the tail of the animal, and the 
binding of Ca ions on adenylyl cyclase, owing to weak siphon 
stimulation. The synergic action of these two binding results in 
an increase of the intracellular cyclic AMP (AMPc) levels 
measured during siphon stimulation. The raising of the 
intracellular cyclic AMP successively leads to an increase of the 
neurotransmitter release from the sensory neuron of the 
siphon and to a greater activity of the motor neuron of the gill. 
In one word, the conjugated bindings of two ligands on a 
neuronal molecular complex represent the biochemical 
substrate for the conditioning of the reflex of the gill 
withdrawal. Post: postsynaptic membrane; sv: synaptic vesicle 
filled with 5HT; ES: extracellular synaptic space. ATP: adenosine 
triphosphate, from which adenylyl cyclase catalyzes cyclic AMP 
synthesis.   
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Quantum particles are involved in the 
intermolecular information 
Electron transfers between molecules 
The revolution of quantum physics has opened 
new insights on the understanding of 
information exchanges between the molecules 
of the living organisms. Photosynthesis in 
plants and oxidative phosphorylation associated 
with respiration are, indeed, based on 
intermolecular transfers of atomic particles, like 
photons, electrons or protons. Biochemical 
reactions taking place during photosynthesis or 
respiration allow living beings to synthesize 
molecules that keep the energy necessary for 
development, survival and reproduction. These 
processes use energy stored in the light, in the 
shape of photons, or in the chemical bonds, 
formed by electrons. Electrons can be 
transferred along chains of molecules 
specifically set for their transport (Figure 3). 
These electron transfers are essential for the 
storage of energy in phosphorylated molecules 
(Winkler, 2006). 
 

 

Figure 3. The steps in photosynthesis. Photosynthesis starts 
with the ionisation by light of a chlorophyll molecule. The 
ionising energy gains amount ΔE of energy according to the 
basic quantum mechanical equation ΔE=hc/λ. In ionisation, two 
electrons are released and are carried by what is known as the 
electron transport chain. These electrons are used in 
phosphorylation, and ATP (adenosine triphosphate), used as 
the source of energy in cells, is formed. In photosystem I (PS I), 
the electrons return to the chlorophyll. Photosystem II (PS II) is 
more complicated. NADP: nicotinamide adenine dinucleotide 
phosphate; H+: hydrogen atom; e-: electron (from 
NeuroQuantology 2011; 4: 692-701). 

 

 According to the laws of classical physics 
(and to the common logic of the world visible to 
the naked eye), one object cannot pass through 
an energetic wall overtaking its own energy. 
However, following the rules of quantum 
mechanics, there is, under favorable conditions, 
some probability that one particle may “tunnel” 
through such an energetic barrier (Gray and 
Winkler, 2005). Biophysicists applied the 

discoveries of quantum physics to the study of 
the electron transfers taking place in 
photosynthesis and respiration. They showed 
that electrons could be transferred inside a 
protein or between two proteins following 
pathways predicted by tunneling phenomenon 
(Gray and Winkler, 2005). Like photons 
collected by pigments of photosynthetic chains 
or of retina, electrons act sometimes as waves, 
sometimes as corpuscles. These dual features 
explain their surprising properties (Gray and 
Winkler, 2005). 

 Recent investigations have focused on 
the factors that regulate the rate of the electron 
transfers occurring in photosynthetic and 
respiratory chains and in DNA molecules (Gray 
and Winkler, 2005). Electrons can tunnel from 
one protein to another within a distance of 
about 2 nm. Moreover, interval between some 
oxidation-reduction centers suggest that 
transfers of electron could occur on a distance 
far exceeding 2nm, by “hopping” several 
intermediate states of oxidation-reduction 
(Gray and Winkler, 2005; Warren et al., 2012).  
Electron transfers inside the folding of one 
protein or between two proteins are favored by 
water molecules “structured” by their hydrogen 
bonds (Mentré, 1995; Miyashita et al., 2005; 
Lin et al., 2005 ; Ball, 2007). Appropriate 
folding of the proteins is a key condition that 
allows long range electron flows between 
oxidation-reduction centers of two proteins. In 
one word, electrons can be transferred from a 
donor to an acceptor protein by tunneling, 
when the two proteins form a complex suitable 
for electronic coupling. The best electronic 
coupling is reached when electrons tunnel at 
optimal speed and minimal energy 
consumption (Winkler, 2006). It is worth 
noting that electron transfers kinetics can be 
regulated by the dynamics of the 
conformational changes occurring in the 
oxidation-reduction donor-acceptor complex 
(Gray and Winkler, 2005). Thus, pathways 
followed by electrons in an aqueous medium 
inside a molecule or between two molecules 
cannot be properly understood without the 
rules of quantum physics.                           

 

Holographic molecules 
The early applications of quantum physics gave 
rise to the revolutionary finding of the 
hologram (Kock, 1981; Hariharan, 2002). A 
hologram is generated by recording, on an 
appropriate photographic medium, the 
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interference of two laser beams coming from a 
unique source of coherent light (Figure 4). The 
waves of the laser radiations are 
monochromatic, of a single frequency, and in 
the same phase. One part of the laser beam, 
used as reference, comes on the recording 
medium directly from the source. The other 
part comes from its reflection on the object 
taken in holographic recording. Thus, a 
hologram records a wave interference pattern. 
The image of the object is reconstructed by 
illuminating the hologram plate. When the light 
source is a laser beam identical to that which 
was used for the holographic recording, an 
accurate three-dimensional image of the object 
is obtained. A characteristic of this method is 
that each point of a hologram can restitute an 
image of the whole object. When splitting a 
hologram, the image of the complete object can 
be reconstructed from each of the splits. 
Moreover, the holographic image can reproduce 
very small details of the original object, even 
those which could not be detected by a naked 
eye. Thus, each point of a hologram can record 
the whole information of a physical object 
(Kock, 1981; Hariharan, 2002). 
 
 

 

Figure 4. Principle of the recording (4a) and the image 
reconstruction (4b) of a hologram. Left. Hologram recording is 
obtained by the interference on a photographic (holographic) 
plate of two laser beams coming from a unique source of 
coherent (monochromatic and monophasic) light. One part of 
the laser light comes from the reflection on the object (Obj.) 
taken in holography. The other, used as reference, comes on 
the recording medium directly from the source. The wave 
interference pattern is thus recorded in the holographic plate. 
Mi: Mirror. Right: In order to get the best result, the 
holographic image (Im.) of the object is reconstructed by 
illuminating the hologram by a laser light identical to the source 
used for the recording process. In this case, each point of the 
hologram can restitute a three-dimensional image of the whole 
object in all its details.  

  

The recent development of computer-generated 
holography has made possible to digitally 
generate a hologram. A holographic 
interference pattern can be digitally recorded or 
even computed without the need of any physical 

object being outside the computer. The 
corresponding holographic image is then 
obtained by interference with a display 
analogous to coherent light (Slinger et al., 
2005). Thus, holography is a general method of 
generating and observing interference patterns, 
not only of light but also of electron waves. 
Hence, an interference pattern generated by 
electrons may be also considered as a hologram. 
In this case, the image of the electron 
interference could be restituted by an electronic 
radiation identical to the incident electrons. It 
may be, then, hypothesized that such 
phenomena take place in living organisms. This 
is even more plausible, as photosensitizer 
pigments, such as rhodopsins of bacteria, are 
used for recording holographic data (Oesterhelt 
et al., 1991; Barnhart et al., 2004). Any protein 
involved in the process of electron transfers 
might also function as a “holographic 
molecule”. 

 Holography can, thus, bring new 
insights on the recording and the processing of 
intermolecular information, which are essential 
for the nervous system functioning and, more 
generally, for any cellular interaction. The 
electrons involved in chemical reactions or 
transferred from a molecule to another could 
play a so far unexplored role in intra- or inter-
molecular transmission and storage of 
information in living organisms, in particular 
through water structured in a specific manner 
around molecules (Mentré, 1995; Lin et al., 
2005; Ball, 2007). Such transmission and 
storage of information might take place in the 
nervous system, in particular at the level of the 
neuronal synapses. In this case, their study 
would renew the knowledge of the cellular and 
molecular phenomena associated with learning 
and memory. 

Toward therapeutic applications 
Diverse pathologies, in particular 
neurodegenerative diseases, are associated with 
deficits in mitochondrial electron transport 
chains (Trimmer et al., 2009). Recently, 
researchers made cultures of modified neuronal 
cells transfected by mitochondrial DNA of 
patients with Parkinson’s disease (Trimmer et 
al., 2009). They showed that exposition to near-
infrared laser light could restore axonal 
mitochondrial transport to normal levels 
(Trimmer et al., 2009). This effect could be due 
to the absorption of laser light by 
photosensitizers, like the oxidized copper 
centers in complex IV of the electron transport 
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chain (Trimmer et al., 2009). The absorbed 
light would thus increase levels of energy 
produced in mitochondria by activating 
oxidation-reduction reactions in the electron 
carriers of the respiratory chain. Such 
experiments suggest that treatments based on 
photoelectric phenomenon could be proposed 
in order to increase the activity of the surviving 
neurons in patients with Parkinson’s disease or 
with other pathologies linked to deficits in 
oxidative phosphorylation. 
 

The rules of quantum physics: a further 
step in the knowledge of the nervous 
system functioning? 
The problem of the hypotheses linking 
quantum physics to brain 
The discoveries of quantum physics led to new 
theories on the intellectual faculties associated 
with the brain activity. Like philosophers, 
neuroscientists have been struck by the fact that 
uncertainty was constitutive of an 
electromagnetic phenomenon and that the 
observation of such indetermination could be 
reduced to determined quanta of energy. Some 
of them found an analogy between this 
quantum theory and the mental process in 
which intent can rise from indecision and lead 
to a resolution, reducing all the possibilities to a 
single determined reality (Atmanspacher, 
2006). Diverse hypotheses have been 
elaborated in order to cast some light on the 
problem of the relation between “mind” and 
“material” phenomena observed by 
neurobiologists in the brain (Atmanspacher, 
2006; Clarke, 2010). The examination of these 
different approaches overcomes the aim of the 
present article. Nevertheless, it should be 
mentioned, here, that several structures have 
been proposed as being responsible for 
quantum processes associated with memory, 
consciousness and free-will. Among these 
structures are: assemblies of neurons linked to 
particular mental representations (Stapp, 
1999), neuronal endings where the release of 
neurotransmitters would rest on 
“indeterministic” exocytosis of synaptic vesicles 
(Beck and Eccles, 1992), and neuronal 
cytoskeletal proteins suggested as the putative 
basis of coherent superimposition of several 
physical states for large assemblies of neurons 
(Hameroff and Penrose, 1996; Hagan et al., 
2002). 
 According to other theories, brain 
functioning might be analogous to the hologram 
principle (Pribram, 1991). Thus, the process 

linked to memory would not take place in 
defined areas of the brain, but would be present 
in the whole nervous system as interference 
patterns of electron waves encoded by 
mathematic formulas (Pribram, 1991). This 
hypothesis curiously reminds of the idea 
proposed in the 19th century by Flourens: each 
part of the brain would carry out the same 
functions as the whole organ (Flourens, 1863).  
The spreading of the interference patterns in 
the entire brain is also a remote echo of the 
theory of the diffuse nervous network (Golgi, 
1891). These speculations on the links between 
quantum physics and consciousness or free-will 
are ingenious and stimulating. However, they 
suffer from the difficulty to clearly connect a 
mental state to physiological and biochemical 
phenomena. The interface between mind and 
matter remains, for the essential, an enigma for 
science. 

 

Figure 5. Schematic representation of a scanning tunneling 
microscope. The conducting tip of the scanning tunneling 
microscope (STM) scans the surface of the sample. When a 
voltage difference is applied between the tip and the sample, 
electrons can tunnel between the two. The variations of 
tunneling current are measured at a sample-tip distance (less 
than 1nm) kept constant by a piezoelectric mechanism 
controlled by computer. Conversely, it is possible to calculate 
the variations of the sample-tip distance when the tunneling 
current is maintained constant. The STM can display images of 
atomic surfaces or analyze local densities of energy states for 
restricted sites of the sample. Reproduced with the permission 
of M. Schmid (Creative Commons Attribution Share-alike 2.0 
Austria License).              

                                                                                                   

Looking for experimental data 
Although a lot of hypotheses have been raised 
on the role of quantum phenomena in brain 
functioning, and more generally in the nervous 
system, experimental data are still lacking in 
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this domain. Recent works indicated that it was 
already possible to study electrons tunneling 
between two proteins (Lin et al., 2005). In vitro 
researches use specific displays for probing 
surfaces at nanometer scale and characterizing 
electronic properties of macromolecules at 
atomic level. Thus, the scanning tunneling 
microscope can detect electron transfers with 
the aid of an electrode scanning the surface of 
the investigated structure (Binnig et al., 1982) 
(Figure 5). 

According to the prediction of quantum 
mechanics, this technique allows calculation of 
the alterations in the energy density of the 
atomic structures and observation of the 
probability of presence for the electrons of 
oxidation-reduction centers arrayed by 
conformational plasticity of the molecules. In 
vitro electron tunneling between two proteins 
can be studied by grafting the proteins on the 
surface of semi-conductor materials (Botelho do 
Rego et al., 2013). Moreover, the transient 
absorption spectroscopy enables to investigate 
protons or electrons transfers after excitation by 
a laser light pulse of few nanoseconds or even 
few femtoseconds in the case of ultra-fast laser 
spectroscopy (Berera et al., 2009; Irebo, 2010). 
In these techniques, the molecules can be 
included in suitable media, like crystals, for 
evaluating the electron transfer kinetics (Gray 
and Winkler, 2005). Schematically 
summarizing, the absorption changes and the 
emission lifetimes of the molecular species can 
be recorded by a photomultiplier, digitalized by 
an oscilloscope and transferred to a computer. 
Then, the data can be processed by statistics 
and read on equations graphs (Figure 6). 

 

Neuronal synapses and quantum phenomena 
It should be kept in mind that, in addition to 
the neurons, the nervous system comprises 
several types of glial cells, such as astrocytes, 
oligodendrocytes and macrophages. For several 
decades, it has been soundly established that 
glial cells were responsible for a large range of 
molecular interactions which were essential for 
the functioning of the nerve system 
(Kettenmann and Ransom, 2012). Nevertheless, 
the putative involvement of quantum molecular 
interactions in glial cells will not be discussed 
here, since the present report focuses on the 
implication of quantum phenomena in neurons 
and, particularly, in neuronal synapses. 
 Chemical and electrical synapses are the 
preferential areas for the transmission of the 

nerve impulse between neurons or between 
neurons and their effector cells. The chemical 
synapse is the site of neurotransmitter release 
from the membrane of presynaptic neurons. 
After their release, neurotransmitters bind 
receptors located on the membrane of the 
neighboring neurons, thus provoking nerve 
impulse propagation in these postsynaptic 
neurons. Electrical synapse (much less frequent 
than chemical synapse) is a structure where 
pores cross over the joined cytoplasmic 
membranes of two adjacent neurons (Furshpan 
and Potter, 1959). Thus, ions can directly pass 
from the cytoplasm of one neuron to another to 
perform an electronic coupling between the two 
neurons. This phenomenon results in a time 
reduction in the transmission of the 
depolarization wave (the nerve impulse) from 
one cell to another. 

 

Figure 6. Schematic drawing of a device for transient 
absorption spectroscopy. A laser beam is pulsed onto the 
sample (S) in order to measure the absorption changes and 
emission lifetimes of the molecular species. An analyzing light 
(for example generated by a xenon arc lamp) passes through 
the sample before being directed to a photomultiplier (PMT). 
The resulting current is then digitalized by an oscilloscope 
(Osc.) and sent to a computer (Comp.) for the data processing. 
(Modified from T. Irebo, 2010). 

 

 Information transmission at the 
neuronal synapse through electron transfers 
following their properties of quantum particles 
has not been really considered until now. 
Nevertheless, new technologies, like scanning 
tunneling microscopy or transient absorption 
spectroscopy, must enable to study electron 
transfers between the numerous synaptic 
proteins associated to diverse activities: docking 
and fusion of synaptic vesicles with the 
presynaptic membrane, metabolic regulation at 
the level of the basal lamina of the synaptic 
cleft, neurotransmitter receptors or ion 
channels in the postsynaptic membrane. 
Methodological investigations could be 
undertaken in order to approach electron or 
proton transfers between proteins, not only in 
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vitro, but also on cultures of neuronal cells or 
on brain slices. In this context, it is worth 
noting that, in the neuromuscular junction, an 
increase of the nerve transmission was induced 
by methylene blue reduction at the level of the 
presynaptic membrane. This observation might 
be due to electron transfers from molecules of 
the presynaptic membrane to methylene blue 
located in the presynaptic cleft (Tsuji, personal 
communication). 

 Photosensitizer proteins, like 
rhodopsins of bacteria, can directly transduce 
light in electrical current (Oesterhelt et al., 
1991). These molecules are used as recording 
medium of holographic data with a resolution 
higher than the best photographic films 
(Barnhart et al., 2004). The example of 
bacteriorhodopsins has opened new horizons 
since electrons are quantum particles endowed 
with characteristics similar to photons (Li et al., 
2008). Indeed, synaptic proteins might be able 
to integrate electronic information as 

interference patterns of electron waves coming 
from multiples sources, in a way similar to 
holograms. According to this hypothesis, one 
molecule or, even, a center of oxidation-
reduction inside one molecule would be the site 
of storing and integrating electronic 
information coming from cellular surroundings. 
Thus, experimental researches in this domain 
might induce a revolution in the concepts of 
transmission, integration and memorization of 
cellular and molecular information in the 
nervous system. 
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