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1. Introduction

The cell membrane lipid bilayer is the home of about one third
of all known cellular proteins. These are the transporters, ion
channels, receptors and signalling systems, and are dependent on
the lipid domains in which they sit. The species, organ and even
sub-cellular specificity of lipids testifies to exact demands
of differentiated cells and precise protein–lipid interactions. For
example, the membrane lipid composition is different for the
endothelium, heart muscle, kidneys, liver and brain. Even within a
given tissue, there are specific differences in the plasma mem-
brane compared to the mitochondria and nuclear envelope.

The highly specific, characteristic differences in the plasma
membranes of the neural, endothelial and epithelial cells; or
ll rights reserved.
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glomerulus and distal tubules of the kidneys, cannot be based
on vague compositional directives. We propose this constancy
and specificity is a function of specific protein–lipid interactions
operating in a multi-dimensional fashion similar to what has been
described for proteins. This relationship has to be a two way system.

During cell differentiation, the specialist proteins that arrive will
seek a lipid match and vice versa [1,2]. If the matching lipids
are not present the system may fail, regardless of the protein
components.

Proteins are built with 20 amino acids that are assembled into
three-dimensional structures. Because of the molecular motion of
the final protein assembly, it is an example of supra-molecular
chemistry which includes reversible non-covalent associations,
hydrogen bonding, metal coordination, p–p interactions and elec-
trochemical effects involving lipophilic and hydrophilic structures.
In that sense a protein in a living cell exists in six dimensions.

4th Dimension: electrochemical profile.
5th Dimension: van der Waals type forces.
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6th Dimension: time. The time of occupancy of the state which
optimises the probability of electron cohesion.

The van der Waals equation can be written as follows:

pþ
a0

v2

� �
v�b0
� �

¼ kT

where p is the pressure of the fluid, T is the absolute temperature,
a0 is a measure for the attraction between the particles and b0 is
the average volume excluded from v by a particle. This equation
can be utilised to describe lipid properties: a0 will vary with
the chain length and degree of unsaturation. Chain length and
saturation affect the pK of the acid, which in turn is a determinant
of the lipid polarity. b0 will also vary with physical chain length of
the fatty acid (16–24 carbons) and degree of unsaturation (1–6
double bonds), as well as with lipid concentration—especially
since lipids form micelles and other macromolecular structures in
aqueous milieus. The degree of unsaturation is also responsive
to T and p.

Therefore lipids are not just an oil phase separating two
aqueous regions as is frequently depicted, but have physical,
chemical and electromagnetic properties which are operating in
cellular functions in multiple dimensions. The electrical proper-
ties of the phospholipid head group and ceramides (and possibly
the entire lipid chain) can be considered to exist with the same
principles as described for proteins, but with a stronger tempera-
ture and pressure variation and a larger number of possible
constituents. The idea that lipids interact specifically with mem-
brane proteins is not new [1–3].
1 At a joint conference of the Institute of Brain Chemistry and Human

Nutrition and the McCarrison Society: A New Light on Human Origins, The

Zoological Society Meeting Room—Regents Park, London [22nd September 2000].
2. DHA abundance controls brain size and function

Comparative evidence on brain composition gave us the first
clue to consider both proteins and lipids in six dimensions, and
that lipids may specify proteins just as proteins specify lipids. In
some animals DHA (-cis-docosa-4,7,10,13,16,19-hexaenoic acid
or C22:6n-3) is present either in the diet or as a product of the
strongly rate limited synthesis from plant-derived a-linolenic
acid (C18:3n-3) [4]. If the velocity of body growth is small then
adequate synthesis of DHA for brain growth can occur, resulting
in a brain/bodyweight ratio of 42% (e.g. small rodents). As the
velocity of body growth or protein acquisition increases, the rate
limitation of DHA synthesis dominates and relative brain size
diminishes. In the largest land-based mammals the ratio shrinks
to o0.1% (rhinoceros, Cape buffalo) despite abundant a-linolenic
acid in the tissues.

An abundant source of preformed DHA, as in the diets of
marine mammals, can obviate low biosynthetic capabilities. Such
evidence suggests that nutrition, especially with regard to DHA,
was a determinant of brain size. For example, the dolphin has
a 1.8 kg brain, compared with a land based zebra of a similar
bodyweight with only 360 g brain.

The rate limitation for DHA with its tortuous synthetic route to
its synthesis requiring its import, metabolism and export from the
peroxisomes [4], explains how very small mammals like squirrels
with a high metabolic rate and a reasonably efficient biosynthesis
achieve a maximally high brain to bodyweight ratio of 2.4%.
Incorporation of (isotopically labelled) preformed DHA into the
developing rat pup brain was found to be more than an order of
magnitude greater than incorporation of DHA synthesised from
a-linolenic acid [5]. Humans are much less capable; we can only
count on about 1% conversion of a-linolenic acid to DHA [6]. Yet
across all mammal species, brain size decreases logarithmically
with increase in bodyweight with two exceptions—the dolphin
and the human [7,8]. Clearly we were doing something different
during our evolution.
Please cite this article as: M.A. Crawford, et al., A quantum theory
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Lipids play a key role in signalling [9] and DHA is involved in
the expression of several hundred genes in the brain [10]. The
genomic evidence [10] means that an abundant dietary source of
preformed DHA, as provided in littoral habitats, would actually
stimulate the evolution of the brain, and a lack of DHA would be
restrictive [6–8,11–14]. What we were doing differently is that
we were a very small group of individuals who consistently ate
marine and lacustrine food sources [15]. The superabundance of
DHA (and Zn, Cu, I, Se, protein etc.), with its irreplaceable role in
neural cell signalling, allowed the synaptic evolution of self-
awareness and symbolic thinking and behaviour. Thus began
our cultural evolution, very much faster and pervasive than
biological evolution: most cultural evolution is dependent on
teaching and adaptation rather than pure innovation and hard
genetic changes. Yet we remain essentially the same beings,
dependent on DHA for 600 million years and unable to move
towards a new and improved species without the raw material.

Quite apart from any technical arguments, the late Philip Tobias
summarised the argument succinctly: ‘‘wherever humans were
evolving, they had to have water to drink’’!1 In other words we did
not evolve—especially with our highly dependent infants and
children—on the arid savannah.
3. DHA and the origin of vision and the brain

For the first 2.5 billion years of evolution, there was little
change in prokaryote life forms, dominated by anaerobic algae
and bacteria. Amino acids have been recovered from carbonac-
eous chondrite meteorites, which are nearly as old as the Solar
System (4.6 billion years), so we can assume these life forms
utilised proteins. However the synthesis of DHA requires 6 oxygen
atoms for the introduction of the 6 double bonds; therefore it is
unlikely that there was an abundance of DHA before oxidative
metabolism evolved.

DHA is a major constituent of the signalling membranes of the
brain and visual system. Indeed a study of the dynoflagelates,
which have an eye spot, revealed to John Sergent and one of us
(MC) the presence not only of DHA in the phospholipids but also
di-DHA phosphoglycerides. This chemistry is the same for the
photoreceptors of the cephalopods, fish, amphibia, reptiles, birds
and mammals. The likely scenario is that instead of converting
photonic energy to carbohydrates or proteins, DHA converted it to
electricity and hence the evolution of the nervous system and
ultimately the brain, where DHA is selectively incorporated into
synapses [13].

Vision and the brain evolved in the sea. In all vertebrates so far
studied, DHA is the major essential fatty acid constituent of the
brain. The n-3 docosapentaenoic acid (cis-docosa-4,7,10,13,
16-pentaenoic acid; C22:5n-33) and the n-6 DPA (cis-docosa-
7,10,13,16,19-pentaenoic acid; C22:5n-6) differ from DHA by the
absence of only one double bond (Fig. 1). They are thermodynami-
cally easier to synthesise and less susceptible to peroxidation. Yet
neither replaced DHA during 600 million years of evolution. This is

extreme conservation. The preservation of DHA in neural signalling
systems for 500–600 million years occurred despite enormous
genomic changes since the beginning of animal evolution.

Although there is a wide variation in the chemistry of the liver
and muscle of the animal species so far studied, there is little or
no variation in the brain [7]. What varies is the extent to which it
evolved or rather its size and complexity relative to the demands
of the body. Although arachidonic acid (20:4n-6, AA) is also
for the irreplaceable role of docosahexaenoic acid in neural cell
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Fig. 1. Although n-3 DPA is a precursor for DHA neither DPA replaced DHA in 600

million years of evolution. The full sequence of six methylene-interrupted double

bonds may be critical to the role of DHA in signalling membranes.
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required for neural membranes, it is more readily synthesised and
abundant in land-based foods. There is a determinacy between
the more limiting DHA and the evolution of the brain [8,14];
almost any human diet with enough DHA will necessarily have
enough AA or its plant precursor linoleic acid (18:2n-6).

This extreme conservation implies that the DHA was actually
dictating to DNA rather than the more conventional view of
evolution occurring the other way round. That is, despite count-
less mutations that might have occurred, any that sought to
replace DHA with a DPA or another molecule did not work. In that
sense, DHA was the master of DNA.

Whilst the view that nutritional conditions had a role in
directing evolution seems contrary to the gene-centric view of
evolution, it is consistent with pure Darwinism. In ‘‘The Origin of

Species’’ Darwin declared there were two forces in evolution,
Natural Selection and Conditions of Existence [16]. He considered
the latter the more powerful. This aspect of Darwin’s thesis was
considered too Lamarckian by Weismann [17] and it was more or
less abandoned. Marsh [18] emphasises that in all six editions of
‘‘Origin’’ Darwin repeats his claim on the Conditions of Existence.
Indeed, Darwin spent much of the rest of his life searching for
what he called ‘‘Pangenes’’ in the blood which could translate
information from the environment to the genome. Darwin’s
Pangenes are now understood as reverse transcriptase and the
entire field of Epigenetics. We suggest that DHA is a Condition of
Existence that made it the master of DNA since the beginning of
animal evolution. If you like it was the ‘‘selfish DHA’’ not DNA that
ruled the evolution of vision and the brain.
3.1. What is special about DHA?

The curious facet of DHA dominance in evolution is that its
DPA precursor differs by only two protons and would have been
more readily available. The difference in fluidity between DHA
and DPA is very small; certainly not enough to explain 600
million years of conservation of DHA in photoreception and
neural signalling systems. Alternatively, Bloom and colleagues
suggested that DHA might have unique electromagnetic proper-
ties which have little to do with membrane fluidity [19].

Gawrisch and colleagues have also attempted to explain the
DPA/DHA paradox. Using solid-state NMR measurements and
molecular simulations they provide an image of DHA as a
uniquely flexible molecule with rapid transitions between large
numbers of conformers on the time scale from picoseconds to
hundreds of nanoseconds [20]. The low barriers to torsional
rotation about C–C bonds that link the cis-locked double bonds
with the methylene carbons between them are responsible for
this unusual flexibility. Both the amplitude and frequency of
motion increase towards the terminal methyl group of DHA. Like
us, these authors understand that classical biophysics does not
have a ready explanation for the irreplaceable DHA.
Please cite this article as: M.A. Crawford, et al., A quantum theory
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4. DHA and quantum mechanics

4.1. Energy minimised structures and quantum communication

The van der Waals equation hints that DHA will have both
stereochemical and electromagnetic properties. Quantum
mechanics can predict the existence of energy levels inside lattices,
whereby any electron in that level can be effectively spread across
the whole structure, thus becoming a quasi-particle or a wave.
Albert Szent-Gyorgyi postulated that common energy levels could
exist in protein structures, as they contained ‘‘a great number of
atoms, closely packed with great regularity’’. He considered the
communication of energy between molecules in biological systems
could be achieved through coherence of electrons raised to a higher
energy state. The formation of a triplet state of the p-electrons
around double bonds in aromatic amino acids was the basis for this
mechanism [21,22].

Since Szent-Gyorgyi, the electron transfer of the energy pro-
duction system in mitochondria has become well known. Bendall
[23] considered the conformal dynamics of proteins to be reliant
on the long range transfer of electrons. The method of transport is
quantum mechanical tunnelling, a feature of proteins demon-
strated by Hopfield [24]. Hackermuller et al. [25] obtained
evidence that tetraphenylporphyrin exhibits wave like behaviour,
indicating quantum coherence in nature.

Hammeroff and Penrose [26] proposed a model based on
quantum mechanics that can explain consciousness and is testa-
ble. In the ‘‘Orchestrated Objective Reduction’’ model of con-
sciousness, quantum coherence exists in the microtubules found
in neurons. It is hypothesised that microtubules are capable of
quantum computing, and quantum computations are translated
to classical outputs—hence consciousness. Hammeroff [27] then
proposed the connections between neurons were linked to con-
sciousness. Gap junctions are small enough for quantum objects
to cross by quantum tunnelling, allowing cohesion across regions
of the brain and creating consciousness.

The brain can contain numerous proteins but is absolutely
dysfunctional without DHA and AA. We hypothesise that the
p-electrons in DHA could behave in similar quantum manner,
explaining the unique and irreplaceable role of DHA in neuronal
signalling. We must also consider that beyond consciousness,
cohesion across regions of the brain drove the evolution of
symbolic thinking and behaviour, which is the hallmark of
humanity.
5. Electron coherence in DHA

Crawford et al. [28] proposed a possible mechanism whereby
photoreceptor membranes could be responsible for the electrical
current seen in this system by Jin et al. [29]. DHA is present in
greater than 50% of the outer rod segment membrane phospho-
glycerides, with some phosphoglycerides containing two DHA
molecules. Crawford et al. [28] postulated that the p-electrons of
the double bonds are confined to potential wells by the interven-
ing methyl groups. Confinement can lead to stationary states: if
these states couple, then common energy levels predicted by
Szent-Gyorgyi could exist. Arguing against this idea is the princi-
ple that double bonds form ‘‘kinks’’ in the lipid carbon chain, and
non-planar lattices can have very high electrical resistance. How-
ever molecular dynamic assessment shows that three of the DHA
double bonds are planar, which has implications for electron
coherence.

The planar structure of the energy-minimised DHA conforma-
tion is a fundamental characteristic of six double bonds separated
by –CH2– groups (Fig. 2). If there are only five (e.g. DPA), the
for the irreplaceable role of docosahexaenoic acid in neural cell
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n-3 Docosapentaenoic acid (DPA)
odd number of double bonds with 1, 5 planar

Docosahexaenoic acid
Alchemy optimized conformation: double bond
1,3, 6 planar and π−π orbitals co-planar

Fig. 2. The planar structure of the preferred DHA conformation is a fundamental characteristic of the six double bonds separated by CH2 groups. If there are only five, the

corresponding molecule cannot be made planar.

Least Unoccupied Molecular Orbitals - LUMO; Green
orbitals lower in energy; mauve orbitals higher in energy.
Note the color of CH relative to that of the adjacent π bond

Fig. 3. Molecular dynamic representation of DHA illustrating the alternative d�ve

and dþve distribution through the molecule. With the electrons in the methylene

groups participating, a probability exists of electron cohesion across the whole

molecule. The methylene participation is confirmed in the NOE analysis

described later.
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corresponding molecule cannot be made planar. With three of the
double bonds co-planar, parallel alignment with another planar
molecule can occur.

The p bonds always have a (þve)�end and a (�ve) end, i.e. a
directionality at the molecular level. The shape of their prob-
ability orbits will lean towards a (þve) end of a dipole moment.
Thus three coplanar double bonds immediately have at least two
different potential energy states: two with the p bonds up or
three with the p bonds up (and the mirror image of two down or
three down).

Structurally the other three double bonds are not symmetrical.
Two are above the plane, one below. It is not possible for DHA to
be symmetrical molecule because the p bond field effects are
always unequal. Absorbance of a quantised amount of energy is
precisely that amount which will flip the direction of bond
polarity to the opposite direction [30]; release of essentially
the same amount of energy is the return to the initial polarity.
DHA with one CHQCH below the plane and one above is not
polarised. But with two CHQCH groups on the same side, there is
a net polarisation to the whole molecule. Hence if the CHQCH
group flips it will turn on polarisation of the molecule and flipping
back turns it off. The length of time it takes to flip is presumably
the length of time of visual memory. ‘‘Flipping’’ in response to
incoming light is the basis of the photon energization of retinal.

In addition, each of the CH2 hydrogens in –CH2–CHQCH–CH2–
have an unequal charge density, corresponding to above or below
the –C–CHQCH–C– p bonds which lie perfectly flat at the mole-
cular scale. Given a dipole across the molecule, the p bonds will
have partial positive charge up (dþVe) whilst the CH on the same
side of the plane will correspondingly be slightly negative (d-Ve).
So in a sequence of double bonds as in DHA, the sign of partial
charges alternate y.d(þVe).. d(–Ve)y d(þVe).. d(–Ve) (Fig. 3).

In this conformation (geometrically best packed/lowest
energy) the second CHQCH group at the carboxyl end is in effect
upside down and the signs of the partial charge on the –CH2–
groups next to it are opposite those of the other two adjacent
CHQCH pairs. Thus the energy barrier [moment of inertia] to flip
the second CHQCH group is lower than that of any other
CHQCH group. The arrangement of the double bonds with this
CHQCH group flipped creates a conformation similar to con-
jugated double bonds, and conjugated double bonds can store
energy in the ultraviolet to visible range, which is the range of
vision across species.

Extended Hückel calculations (Hyperchem) describe the dis-
tribution of the p-electron clouds to be uniformly distorted with
the p bond energy different above and below the plane. Interest-
ingly, molecular dynamics modelling (Hyperchem) show the
electrons of the –CH2– groups also exhibiting a similar polarisa-
tion. With the p-bond energy distributed above and below the
plane of the molecule and polarisation of the –CH2– intervening
groups, the outer orbit electrons could communicate in a way
Please cite this article as: M.A. Crawford, et al., A quantum theory
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leading to conduction. In other words, there is a probability of
coherent communication between two p-electron sets on either
side of a –CH2– which could include the participation of the
methylene group and electron tunnelling [31]. Cohesion could
conceivably extend along the whole molecule, but would be less
probable if one of the double bonds is removed as the methylene
interruption becomes a propene interruption.

The classical problem with DHA as a conductor is that the
methylene interruption of the p-electrons prevents the ‘‘copper
wire’’ electron transfer as in a conjugated sequence (–CHQCH–
CHQCH–CHQCH–) in retinal or the aromatic ring. DHA then
becomes an electrical resistor or barrier. Hence the properties of
the –CH2– groups become critical. In classical physics, no current
can pass and there can be no communication between double
bonds unless the energy across the molecule overcomes the
–CH2– methylene barrier. With quantum mechanical theory,
communication can occur as evidenced in semiconductors, but
certain parameters must be met. We will show that DHA has
conformations and energy states that meet theoretical parameters
for coherence.
5.1. Photoreception

The outer segment of the photoreceptor encloses a stack of
disc shaped membranes. These discs contain many transmem-
brane proteins called opsins. The membrane lipid is packed with
450% DHA and even some very long chain (C30þ) hexaenoic
phosphoglycerides. Each opsin molecule is associated with a
smaller chromophore molecule called retinal. In rod cells this
system is called rhodopsin [32].
for the irreplaceable role of docosahexaenoic acid in neural cell
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Retinal can exist in a number of different forms; however the
main isomers are 11-cis to all trans-form. When an incident
photon strikes the photoreceptor, isomerisation of retinal goes
from the 11-cis to all-trans form. The energy of the photon is
transferred to a p-electron, raising it to a higher energy state. This
excitation ‘‘breaks’’ the outer p aspect of the double bond, which
becomes a single bond, leaving the carbons free to rotate. With
recapture of the electron, the double bond reforms into the trans-

configuration. The conjugated double bond sequence of retinal
is capable of transporting electrons like a copper wire as the
p-electron clouds are in close proximity and can overlap. Hence
the shift might act like an electric on/off switch: one wonders if
isomerization might halt electron flow and arrest the dark current
identified by Jin et al. [29].

When rhodopsin has been activated it is called metarhodopsin.
Experiments have shown that the initial response to a flash of
light is highly amplified [32]. The formation of metarhodopsin
triggers a G-protein activation cascade that amplifies the signal
many fold. These cascades are similar to other G-protein-coupled
signalling, but with important differences. Usually activation
occurs when a receptor protein binds to another molecule.
However in case of a photoreceptor the retinoid is already bound
to a receptor. Secondly, photoreceptor rods have a standing
current in the dark-adapted state. The dark current keeps the
membrane potential in its resting state of �40 mV. Light activa-
tion leads to arrest of the dark current and membrane hyperpo-
larization [32].

The cascade of events that leads to the closing of cGMP gated
ion channels is well-documented. The reduction in cGMP closes
the ion-gated channels in the outer segment. The inner segment
has potassium channels that are constantly open. Hence with the
outer ion channels closed, the potassium ions accumulate, and
being positive cause the hyperpolarization. Then at a precise
value of �70 mV the potential depolarises, and that is the signal.
Far less is known about the mechanism that causes the depolar-
isation of the cell membrane; even less about its absolute
precision.

The number of steps in depolarisation is contested. At one end
of the spectrum some researchers favour a reverse cascade that
eventually shuts down metarhodopsin; at the other end some
believe it is a single massive event. The classical view of photo-
transduction involves activation of G-proteins for which thus far
there is no quantum-specific evidence—yet depolarisation occurs
at a precise energy level of �70 mV. Without such precision,
three-dimensional and peripheral vision would be compromised
and there would be extensive loss of visual acuity. Not surpris-
ingly, the universal finding in DHA deficiency is a loss of visual
acuity [33,34], indicating any quantised effect is to be found in the
lipids or the lipid-protein interaction and not the G-protein.
Pauli exclusion principle: same spin and E - forbidden.

If  E > Ee the current flows at Ee. If E < Ee no current flows.  If E >>> Ee current still flows at Ee

Fig. 4. The dual particle/wave properties of an electron explain tunnelling. Seen as

particle it is like a ball hitting a brick wall—impossible to penetrate. However

there is no such thing as a ball or brick wall; the electron’s ‘‘position’’ is only the

sum of the molecular electromagnetic forces defining a probability function for its

location. As a wave, there are probability distributions in which the electron

penetrates barriers and can communicate with neighbouring molecules or end up

in other regions of the molecule. Removal of an electron in a neighbouring orbit

will reduce repulsive forces and invite the electron into a new, higher-energy

orbit. An electropositive charge will increase the probability of occupation. The p-

electrons have opposite intrinsic angular momentums or spin. The occupation of

the orbit by two electrons with the same quantum energy state is forbidden. The

Pauli exclusion principle ensures that the energy level at which tunnelling occurs

is precise.
5.2. A quantised visual signal

As described above there is a surprising planarity to the DHA
molecule and a d (þ)ve to d (�)ve polarisation to the electron
cloud. The same polarisation applies to the sigma electrons
around the methylene groups. In the photoreceptor membrane,
the polar head group on the outer face is dominated by a
phosphate and a strong quaternary amine (choline). On the inner
side there is the same phosphate but a weak primary amine
(ethanolamine). The bilayer in its resting state will be charged,
with the probability of finding an electron greater in the direction
of choline. There are two conditions which could pull an electron
out of DHA (i) a sufficient electrical charge as in hyperpolarization
and (ii) the Einstein photo-electric effect; neither is mutually
exclusive.
Please cite this article as: M.A. Crawford, et al., A quantum theory
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If one electron is delocalised and pulled out by hyperpolariza-
tion, an immediately distal electron will take its place and this
electron tunnelling would lead to a current to flow. The Pauli
exclusion principle tells us that no two electrons can occupy the
same energy state. If one electron is pulled out, the loss leaves a
hole which can only be filled by an incoming electron of the same
quantum status of spin and energy (Fig. 4). Hence we have a
plausible explanation for the absolute precision of the depolarisa-
tion and the high degree of visual acuity. This process could
theoretically depolarise the membrane and moreover do so only
at a quantised energy level.

Hopfield [24] described this process of electron tunnelling in
proteins. The possibility of finding an electron distant from
its usual orbital falls off exponentially with distance. Hopfield
calculated the distances over which tunnelling could occur,
finding that the limit was about 8 Å (Fig. 5) The distance in
methylene interruption is less than 6 Å, making the electron
tunnelling transfer between the p-orbitals feasible throughout
DHA. The possibility fails if one double bond is removed and
replaced by a saturated chain as in the DPAs.

The electrons will only jump the energy barrier at a precise
energy level El and no other. If the photon input is increased
where E24El or E3bEl the electrons still go through at El. At an
energy level oE1 nothing will happen. If E3 was very large, one
might expect an ‘‘after glow’’ image but the signal will be at E1.

Electron tunnelling would explain currently unexplained phe-
nomena in the visual system: (1) How is the system capable of
responding to signals that vary in intensity by a factor of 105?,
and (2) why does activation always produce an identical electrical
response regardless of input? Note the involvement of DHA in
depolarisation can still operate with the presently accepted ionic
movement and the G-protein activity.
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Fig. 5. The distances across DHA come within the range where tunnelling is

reasonably probable Ref. [24]However, if a double bond is replaced by a single

bond the resulting distance has a very low probability.
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6. Is a conduction band feasible in DHA?

6.1. The Kronig Penney model

To test this idea further we have examined Kronig Penney
Model.2 The long range transfer of electrons inside proteins is
reliant on the tunnelling effect [24,35]. One of the issues that
makes tunnelling so hard to predict and\or observe directly is that
the nuclear configuration changes constantly, as do the electronic
configurations of the donor and acceptor states. Nonetheless, at
times of resonance, electrons localised on the donor site will
tunnel over to the acceptor site [36].

Another problem is finding the tunnelling pathway. If we call
the resonance state the bridge state, then by definition, as the
nuclear and electronic configurations fluctuate, no bridging state
will be permanent [31]. Tunnelling from the donor state decays
exponentially, however electron transfer has been observed
experimentally for distances of 15–30 Å, too far for a decaying
wave function to reach. It is therefore believed that in some
situations there is an organic intermediate that facilitates tunnel-
ling [31]. However, in DHA whilst a bridging state may be
unattainable in many conformations, there will be some in which
coherence becomes feasible.

Jin et al. [29] described quite amazing conduction properties of
bacteriorhodopsin. An isolated patch of purple membrane had
two gold contacts attached, then an electrochemical gradient was
applied across it. Although the membrane is an insulator a small
current of 0.7 nA was measured. When the gold contacts were
illuminated by green light, the current jumped to 1.7 nA. Jin et al.
[29] were able to pinpoint the source of the current; it was the
transmembrane protein bacteriorhodopsin. When the green light
ceased, the current was seen to persist across the membrane, only
returning to its initial value some 2 or 3 min later. No explanation
for this phenomena could be found, indeed it was stated that ‘‘the
biological processes responsible were so well hidden that we have
not found them’’.

As discussed previously the three coplanar bonds of DHA
would not be a typical conjugated system. Methylene group
interruptions would present a potential barrier to the p-electrons,
2 Largely due to the Masters thesis by MG.
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hence leading to confinement, but confinement leads to the
elusive quantisation.

Abstracting a simple model of a periodic lattice for the three
coplanar bonds, it is straightforward to apply the Kronig–Penney
model (see Razavy [35]). The resulting functional energy equation is

b2
�a2

2ab
sinhðbbÞsinðaaÞþcoshðbbÞcosðaaÞ ¼ cos k aþb

� �� �
ð1Þ

where b is the well width, a is the barrier width and k is the wave

vector. Both QUOTE and b are of the form, a¼
ffiffiffiffiffiffiffiffiffiffi
2mE
p

=_ and

b¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2m V�E=_
�q

, where m is the mass of the electron, V is the

barrier height and E is the energy of the particle in the well. The left
hand side is the functional, and denoted as F[E].

The barrier distance in the three coplanar double bonds is 4 Å;
also the average carbon double bond length is �1.33 Å. Inserting
these values into equation 1, it should be possible to investigate
if, under these parameters, any conduction band can form. Both
of the following graphs (Figs. 6 and 7) were plotted using the
excellent Matlab based tool developed by [36].

The final puzzle is determining barrier height for the –CH3–.
This is not a straightforward matter due to its rotation states [38].
However if we look at the equation of the Kronig–Penney Model
above, we see that we only deal with differences between barrier
height and the range of energies for conduction band formation.
Hence any value for the p-electrons are relative to the barrier.
Therefore we can let the ground state of the p-electrons be zero,
and have the barrier height 5 eV above it. The above calculation
shows that theoretically, at least one conduction band can form.
To satisfy this hypothesis we only need one.

6.2. Photoelectric effects

The above argument considers an electrochemical potential
across the membrane as the motive. However, the photoreceptor
is bombarded by photons. The Einstein photoelectric effect could
also play a role in phototransduction. The isomerisation of the
11-cis retinal is achieved by the energy of a photon exciting a
p-electron into an escape mode. The energy of a photon in visible
wavelengths is more than sufficient to eject an electron from retinal,
could the same photoexcitation take place in the p electrons of DHA?

The DHA double bonds consist of a s bond and a p bond. By
subtracting 80 kcal/mole (the s bond energy) from 145 kcal/mole
(the CQC bond energy) we calculate that the p bond has a
dissociation energy of about 65 kcal/mole. This is much less than
the s-bond energy, and therefore p bonds are more reactive than
s bonds. This means that, all things being equal, the p bonds of
DHA are more likely to undergo activation by light.

In the geometrically best packed/lowest energy conformation,
the second CHQCH group is in effect upside down and the sign of
the partial charge on the CH2 groups to it are opposite to that of
the two adjacent CHQCH pairs. Thus the energy barrier [moment
of inertia] to flip this CHQCH group is lower than that of any
other CHQCH group [37].

The arrangement of the double bonds with this CHQCH group
flipped creates a conformation similar to conjugated double
bonds (Fig. 8), which can store energy in the ultraviolet to visible
range. From molecular dynamic calculations the ground state
energy of DHA is 50 kJ/mol which is in the region of photorecep-
tion. It is interesting that visual responses still can be detected in
the electroretinograms of ‘‘mice lacking critical components of all
known retinal phototransduction cascades’’ [39]. Excitation of a
p-electron in the DHA phosphoglycerides followed by electron
tunnelling in response to hyperpolarization could offer a theore-
tical solution. This view fits with that of Gawrisch et al. [20] who
describe low barriers to torsional rotation about the C–C bonds
for the irreplaceable role of docosahexaenoic acid in neural cell
Fatty Acids (2012), http://dx.doi.org/10.1016/j.plefa.2012.08.005

dx.doi.org/10.1016/j.plefa.2012.08.005
dx.doi.org/10.1016/j.plefa.2012.08.005
dx.doi.org/10.1016/j.plefa.2012.08.005


Fig. 6. The energy functional F[E], is plotted against the energy difference between

the ground state of the p electrons and the height of a confining potential step

barrier. The maximum and minimum values of the energy functional are also

plotted. If F[E] exists in this region, then the Kronig–Penney predicts the possibility

of energy band formation.

Fig. 7. The allowed energy band is shown in green. Any value outside of the closed

interval. [�1,1]. is not considered by the Kronig–Penney model.

Ix = 29.2; Iy = 85.9; Iz = 112.7 Ix = 31.5; Iy = 81.0; Iz = 108.0

Ix = 28.8; Iy = 85.6; Iz = 112.4 Ix = 28.9; Iy = 85.6; Iz = 112.6

Ix = 28.8; Iy = 81.0; Iz = 108.0 Ix = 28.9; Iy = 85.6; Iz = 112.5

Fig. 8. Moments of inertia across the DHA double bonds.
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that link the cis-locked double bonds with the methylene carbons
between them.

6.3. The curious upside-down receptor

Common sense would dictate that the photoreceptor would
face the incoming photons. Curiously, this is not the case. Instead
their face is buried in the retinal reticulo-endothelium and the
back end faces the incoming stream of photons. Again classical
Please cite this article as: M.A. Crawford, et al., A quantum theory
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biophysics has no ready explanation for this [32]. However, the
upside-down arrangement might be determined by a quantum
mechanical property, the particle–wave duality of photons.
Incoming light hits the back end of the photoreceptors and has
to squeeze through the slits between the cell structures. This may
split the light into a wave form interference pattern as in Young’s
double slit experiment. Acting as a wave, the incoming photon
has a far better chance of activating the very specific location of
the retinal cis-double bond than as a discreet particle which could
easily miss such a small target.

A photon wave form also raises the question as to whether or
not the incoming wave could activate retinal and DHA simulta-
neously. Visible light ranges from about 380 to 740 nm; the
distance between the retinal and the DHA phosphoglycerides is
within this range. Although it is unlikely that there is sufficient
energy for a photon to energise both retinal and DHA electrons
simultaneously, more than one photon is usually involved in what
we see. This situation raises the possibility of cohesion between
the retinoid and DHA p-electron activation.

In this theory, the energy released in the signalling would be
absolutely and precisely quantised by tunnelling, giving us the clear
vision, high acuity necessary for reading, fine motor skills, and three-
dimensional vision; together with smooth mental processing of our
external environment upon which we depend. A similar process
might take place in the synapse where the DHA is also densely
packed. There DHA might act as a quantum gate controlling the
signal in a fashion reminiscent of semi-conduction.
7. Nuclear overhouser enhancement

To test the electromagnetic properties of p-electrons and the
–CH2– groups in DHA we studied its behaviour in a magnetic field.
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Fig. 9. The nuclear overhauser effect can be seen in NMR spectra when the magnetic polarity is reversed. The intrinsic angular momentum of polarisable elementary

particles will align with a given direction in a magnetic field. If a region of a molecule has an electron distribution which is polarisable that will respond to polarity reversal

and is detectable by subtracting the two spectra. It can be seen from NOE spectra of DHA that the polar head group (as expected), methylene group (unexpected), double

bond (expected) and terminal methyl (unexpected) responded to reversed polarity.
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We used the Nuclear Overhouser Enhancement (NOE) technique
whereby the molecule is exposed to an NMR magnetic field. The
magnetic field is then switched to the opposite polarisation [40,41]. If
there is no response the spectra are identical at both polarities. If
there is a response, the subtracted spectra record the electromagnetic
activity in specific region(s) of the molecules.

Fig. 9 illustrate the response of DHA in which the planar
double bonds, and critically, the –CH2– groups, the polar head
groups and surprisingly the terminal methyl display activity.
8. Conclusion

As far as our knowledge goes, DHA has been the dominant
fatty acid in the membrane phosphoglycerides of the photore-
ceptors, neurones and synapses for all 600 million years of animal
evolution. Even today, the composition of the photoreceptor and
brain varies little between species despite large scale species
variation in the lipid composition of the diet, liver and muscle.
This consistency is despite the fact that its DPA precursor, which
differs by only two protons, is more readily available, requires
Please cite this article as: M.A. Crawford, et al., A quantum theory
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significantly less energy to synthesise, and is more resistant to
peroxidation. Moreover, the difference in membrane liquidity by
substituting DPA is minimal. By contrast over 600 million years
animal genomes underwent countless mutations with enormous
variation in protein composition and structures.

We suggest that DHA is one Darwin’s ‘‘Conditions of Existence’’
which made DHA the master of DNA since the beginning of
animal evolution. Proteins are selected to function with the
constancy of DHA: it was the ‘‘selfish DHA’’ not DNA that ruled
the evolution of vision and the brain. We propose protein–lipid
interactions operate in a multi-dimensional fashion similar to
what has been described for proteins. This relationship has to be a
two way system. During cell differentiation, the specialist pro-
teins that arrive will seek a lipid match and vice versa. If the
matching lipids are not present the system may fail.

A practical point is that random mutation and selection for
survival have little predictive power. However, has powerful
predictive power because it predicts human biological evolution
slows or reverts if DHA is not superabundant. As we move inland
and consume mostly agricultural-based processed foods, we can
expect global nutrition crises. We have these now in terms of
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obesity and Type II diabetes, but the less obvious crisis is mental
ill-health. Mental ill-health is now the mostly costly segment of
health care in the West and pathologies are becoming globalised.3

The extraordinary conservation and irreplaceable nature of
DHA in neuronal signalling and its high concentration in the
photoreceptor can be explained if it functions as an electron
tunnelling device providing quantised signals. Quantum mechan-
ical treatment explains the absolute precision of the membrane
depolarisation in phototransduction. This precision is essential
to visual acuity and synaptic signalling. Quantum mechanics
also explains the photoreceptor oriented counter-intuitively away
from incoming light.

We have established that energy minimised structures, molecular
polarisation and moment of inertia allow for the theoretical possi-
bility of DHA operating in the realm of supra-molecular chemistry
with electron quantum coherence but we clearly acknowledge that
further investigation is required.
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