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Proteins are the building blocks of life which are encoded in
the genome and regulated by the environment via epigenomic
modulation. These biomolecules possess Transformers-like
abilities to instantly change shape, assemble and
disassemble, birthing compounds with different biological
functions. Proteins also present with origami-like capabilities
of folding along specific lines, engendering functional or
prion-like pathological entities. These properties enable a
multitude of physiological processes in the living world,
ranging from endocrine control and immunity to memory and
self-awareness. Furthermore, biomolecules are endowed with
other equally amazing qualities including, linking to each
other in Lego-like fashion, electronic conductance and
generation of allosteric or vibration "bar codes" which may
enable long term potentiation and memory. In addition,
proteins may facilitate synchronization of neuronal firing
rates among anatomically distant areas of the CNS, a
phenomenon believed necessary for consciousness. In this
article we hypothesize that global molecular networks are
physiologically turned "on" during wakefulness and "off"
during sleep by the extracellular space water, accounting for
the difference in neurocomputation modes during the two
circadian states.

Can Proteins "think"?

The brain processes information differently during sleep,
psychosis or wakefulness. Freud noted this discrepancy and
believed that the unconscious id "thinks" in a dream-like,
irrational manner, which he named primary processes, while
the conscious ego operates via reason, or secondary
processes (1). The molecular underpinnings of these two
modes of neurocomputation may be distinguished at the
biomolecular level as information processing in local vs.
global molecular networks (GMNs) (2-3). Novel biophysical
studies demonstrate that in regards to computation,
biomolecules rival modern electronics as they are endowed
with transistor-like abilities to transduce information from the
environment to the cell nucleus and back, to triage data by
decision-making, and to adaptively silence or activate genes
(4). Biomolecules were shown to process information by their
ability to access logic gates, the elementary building blocks of
digital circuits. In addition, these molecules are endowed with
Transformers-like abilities to adaptively change shape in
response electronic signals or electromagnetic fields (5-9).
For example, the calcium-calmodulin-dependent kinase III, a
component of neuronal microtubules, is believed to store long
term memory by reorganizing its spatial structure in response
to synaptic activity (10). With the same token, actin regulatory
protein N-WASP was documented to spatially reassemble in
order to access the logic gate AND (11). Moreover, proteins
are endowed with Lego-like abilities to link with each other,
engendering large intra and extracellular biomolecular
networks with hypothesized roles in neurocomputation (12).
For example, actin filaments are known to connect inside the
cell with the scaffolding proteins, while outside (via
transmembrane proteins) with the biomolecules of the
extracellular matrix (Fig. 1). It is believed that these links
engender brain-wide molecular assemblies with role in sleep
physiology and also in the creative abilities of the mind, such
as intuition and generation of novel ideas or artistic forms (13).
Over the past decade nanoneuroscience has clarified the

molecular substrates of cognitive processes by studying the
role of dendritic spines' proteins within the CNS excitatory
neurotransmission. These studies revealed that spine
biomolecules may play a crucial role in associative memory
as they endow neural circuits with Boolean logic (14-17). In
addition, the population of biomolecules in each spine was
found to assume unique spatial characteristics, different from
other synapses, suggesting a role in higher forms of
personalized mentation (18). Furthermore, spines'
transmembrane proteins, (such as densin, integrin, neuroligin
and cadherin) were shown to bridge the synaptic gap, linking
the scaffolding proteins of the presynaptic neuron with the
proteins of the postsynaptic density. It was hypothesized that
neuronal firing induces protein vibrations or allosteric
changes in the postsynaptic density, engendering memory
"bar-codes', via rearrangement of postsynaptic receptors into
heteroreceptor complexes (3)(19-22).

Can Proteins Engender Consciousness?

At the present time the brain can be studied at two levels of
resolution: cellular and molecular. Cells are known for their
assembly into neuronal, glial or neuronal-glial networks and
for their ability to communicate by extracellular vesicles or
electrical and chemical signaling. On the other hand,
biomolecules were shown to communicate and form
molecular networks which are fitted inside the cellular
networks, like Matryoshka dolls. Interestingly, the cellular and
molecular networks are physiologically complementary but
follow different sets of rules in regards to cellular membranes.
Biomolecules do not respect cell boundaries, their networks do
not terminate at the cell edges, but cross into the extracellular
space (ECS), and synaptic gap, enmeshing the entire CNS as
global molecular networks (GMN)(23)(17)(21).

GMNs may set the stage for discerning the neural correlates of
consciousness and solve the '"binding problem" on which
neuroscience has stumbled since its inception. How does the
brain synchronize multiple neural groups dispersed
throughout the CNS into processing in unison the information
related to an object? Moreover, how are the end-products of
these computational units integrated into a whole? When
watching a bird, for example the brain receives input from
different sensory modalities (color, movement, shape, sound)
located at various sites throughout the CNS, yet the bird is
perceived as a whole rather than a list of its qualities (22). As
they crisscross the entire CNS, GMNs are the ideal candidates
for "binding" the processing units and their end-products into
meaningful perceptions. Furthermore, GMNs may clarify the
concept of qualia, as they could link multitudes of subjective
and objective experiences into unique holistic perceptions (24-
295).

Interestingly, several altered-level-of-consciousness (ALC)
syndromes are known as proteinopathies, diseases of
maladaptive protein structures. These conditions include
neurodegenerative disorders caused by excessive
accumulation of misfolded proteins within the brain
parenchyma. The best known among them are Alzheimer's,
Huntington's, Parkinson's, prion disease, and Frontotemporal
dementia (26-29). In addition, proteomic alterations were
demonstrated in other ALC disorders which at present are not
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designated as proteinopathies, including schizophrenia (30-
31), delirium (32) and traumatic brain injury (33).

As a result of technological advances such as mass
spectrometry, the novel science of proteomics developed over
the past decade, generating databases of body-wide protein
populations which provide insight into the physiological and
pathological role of proteins (34-35). In this regard, it has been
established that when a new protein is produced it is
biologically inactive. In order to perform its job in the cellular
machinery it needs to fold along specific axes like paper in the
ancient Japanese art of origami (36). It was recently
demonstrated that water plays a crucial role in the correct
folding of proteins as it forms hydrogen bonds with the amino
acid chains, engendering unique funnel-shaped energy
systems necessary for instant folding. In the absence of
hydration, this process is significantly slower and frequently
proteins become “stuck” into incorrect shapes, resulting in
proteinopathies (37-39).

Folding and molecular dynamics enable proteins to function
as "switches" connecting and disconnecting molecular
networks. For example, Figure 1 demonstrates that by altering
its length, the integrin molecule may connect and disconnect
the flow of information in GMNs at the level of ECS matrix
protein fibronectin.

Extracellular matrix
(ECM)

i VAT
)

Fig.l Integrin molecule links the intracellular actin and the
extracellular fibronectin proteins, connecting the intra and
extracellular molecular networks into global molecular
networks (GMNs). Both, sleep-induced volume changes and
folding/unfolding of the integrin molecule may disrupt this
link, turning “oft” information flow in GMNs.

The Hydro-molecular Hypothesis

C.G. Jung believed that water symbolized the unconscious
mind, the realm of primary processes, which Freud named id.
Jung envisioned psychosis as flooding of the conscious mind
with unconscious content, disabling secondary processes. It
is well known today that water comprises 80% of the brain
volume and its circulation between the intra and extracellular
compartments is crucial for the CNS homeostasis. It is also
well established that water can move passively by diffusion
and convection, or actively, against the gradient, via
aquaporin-4 proteins (AQP-4)(40).

It was recently demonstrated that during sleep water fills the
ECS of the brain, augmenting its volume by up to 60%, while
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during wakefulness, water shifts away, probably into the
astrocytes via AQP-4 water receptors (41). The ECS is an area
demarcated by the convexities of cell membranes which is
held together by the Velcro-like forces of adhesion molecules.
These biomolecules link the intracellular and extracellular
matrix proteins, assuring uninterrupted flow of information in
GMNs. Water entry into this space during sleep and volume
augmentation along with conformational changes of matrix
proteins may overcome the grip of adhesion molecules,
interrupting the continuity and flow of information in the
GMNs.

The hydro-molecular hypothesis proposes that the circadian
changes in neurocomputation are caused by a temporary
water-induced disruption of information flow in the GMNs at
the level of the ECS matrix proteins. In other words, rational
neurocomputation by secondary processes requires an
uninterrupted flow of information in GMNs; disrupting this
flow triggers primary processes, which like a screen saver
activates by the absence of activity in GMNs.

The hydro-molecular hypothesis suggests therefore that water
is not a passive support system, but controls brain information
processing via GMNs. We are of the opinion that water
accomplishes this control through protein folding and
changes in conformational dynamics. Our hypothesis is
complementary to Moore's hemo-neural model however we
opine that not the whole blood, but its water fraction
participates in information processing (42). Interestingly,
several proteinopathies associated with ALC syndromes are
also characterized by over-expression of AQP-4 proteins.
They include epilepsy (43-44), traumatic brain injury (45),
Alzheimer's disease (46), neuromyelitis optica (47) and
schizophrenia (48).

The role of water as an integral component of biomolecules is
a new and growing field of study which has revealed that
aside from protein folding and conformational dynamics,
water is a key catalyst for protein-ligand and protein-protein
interactions as it can facilitate or inhibit biomolecular links
(49). Entry of water into the ECS matrix during sleep may relax
biomolecular grips, loosening the matrix. A loose, watery ECS
matrix may alter the folding of adhesion molecules, thus
turning “off” the information flow in GMNs (50). Interestingly,
it was demonstrated that two matrix proteins, associated with
ALC syndromes, matrix metaloproteinase-9 (MMP-9) and []1-
integrin alter the expression of AQP-4 proteins and are
pharmacological targets for brain edema (51-52). In addition,
these two proteins were demonstrated to play a major role in
epilepsy, Alzheimer's disease, and schizophrenia (53-54).

CONCLUSIONS

Proteins are endowed with properties as amazing as life itself.
Aside from their function as body building blocks, they may
facilitate cognition, memory and consciousness. Their
assembly into brain-wide networks may represent the
"missing link" on how the brain integrates the work of
geographically distant computational units to synthesize a
holistic gnosis. We emphasize that proteins do not function in
isolation, but in solution: water is the forgotten building block
otlife which may modulate information processing via GMNs.
Our hydro-molecular hypothesis suggests that the
overabundance of water in the ECS during sleep loosens the
matrix and alters the folding of matrix proteins, severing the
link between intra and extracellular molecular networks, thus
temporarily turning “off” the information flow in GMNs.
GMNs inactivity activates dream-like primary processes
which substitute rational neurocomputation. The opposite
may occur during wakefulness: the lower water volume
tightens the matrix, restoring previous configuration of
proteins which, like the movement of a computer mouse,
awakens GMNs information flow, reestablishing rational
neurocomputation.
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The same mechanism may be at play in psychotic information
processing as the pathways of sleep and psychosis intersect.
Psychosis may be a molecular failure to activate GMNs during
wakefulness, if so, the matrix proteins and AQP-4 water
receptors may represent novel molecular targets for
antipsychotic drugs.

REFERENCES

1. Freud S. Group Psychology and the Analysis of the Ego (1921) Volume 18,
pages 69-134 in The Standard Edition of the Complete Psychological Works of
Sigmund Freud. London: Hogarth; New York: Macmillan.

2. RambidiNG, Maximychev AV.Towards a biomolecular computer. Information
processing capabilities of biomolecular nonlinear dynamic media. (1997)
41(3):195-211.

3.  Agnati LF Zunarelli E, Genedani S, Fuxe K.On the existence of a global
molecular network enmeshing the whole central nervous system:
physiological and pathological implications. Curr Protein Pept Sci.
(2006)7(1):3-15.

4. Noy A, Artyukhin AB, Huang SC, Martinez JA, Misra N. Functional integration
of membrane proteins with nanotube and nanowire transistor devices.
Methods Mol Biol. 2011;751:533-52. doi: 10.1007/978-1-61779-151-2_33.

5. QiH, Xiocoying Qiu, WangC, Gaoa Q, Zhanga C. Digital electrogenerated
chemiluminescence biosensor for the determination of multiple proteins
based on Boolean logic gate. Anal. Methods (2013) 5, 612-615. DOI:
10.1039/C2AY26054A

6. Wieland M, Fussenegger M. Programmable single-cell mammalian
biocomputers. Nature (2012) doi:10.1038/nature11149

7. FuxeK, Canals M, Torvinen M, Marcellino D, Terasmaa A, Genedani S, et al.
Intramembrane receptor-receptor interactions: a novel principle in molecular
medicine. Journal of Neural Transmission (2007) 114(1):49-75.
DOI:10.1007/s00702-006-0589-0

8. Brian A. Kidd, David Baker, Wendy E. Thomas . Computation of
Conformational Coupling in Allosteric Proteins. PCBI (2009). DOI:
10.1371 /journal.pcbi.1000484

9. Yu-Shiun Chen, Meng-Yen Hon, G. Steven Huang. A protein transistor made
of an antibody molecule and two gold nanoparticles. Nature Nanotechnology
(2012) 7, 197-203 doi:10.1038/nnano.2012.7

10. Craddock TJA, Tuszynski JA, Hameroff S. Cytoskeletal Signaling: Is Memory
Encoded in Microtubule Lattices by CaMKII Phosphorylation? Bernroider G,
ed.PLoS Computational Biology. (2012) 8(3):e1002421.
doi:10.1371/journal.pcbi.1002421.

11. Simon Auslénder, David Auslénder, Marius Miiller, M Programmable single-
cell mammalian biocomputers. Nature(2012)Volume 38, Issue 12, pp 1965-
1973 doi:10.1038/nature11149

12. LiuP YangL, ShiD, Tang X. Prediction of Protein-Protein Interactions Related
to Protein Complexes Based on Protein Interaction Networks. BioMed
Research International. (2015) 259157. doi:10.1155/2015/259157.

13. Woolf NJ, Priel A, Tuszynsky JA. Nanoneuroscience, Springer
(2009).Heidelberg Dordrecht London , New York, pp. 101-102. Doi
10.1007/978-3-642-03584-5.

14. Honglan Qi, Xiaoying Qiu, Chen Wang, Qiang Gaoa and Chengxiao
Zhanga . Digital electrogenerated chemiluminescence biosensor for the
determination of multiple proteins based on Boolean logic gate. Anal.
Methods (2013) 5, 612-615. DOI: 10.1039/C2AY26054A

15. Yu-Shiun C, Meng-Yen H, G. Huang GS. A protein transistor made of an
antibody molecule and two gold nanoparticles. Nature Nanotechnology 7,
197-203(2012) doi:10.1038/nnano.2012.7

16. Mancuso JJ, Cheng J, Yin Z, et al. Integration of multiscale dendritic spine
structure and function data into systems biology models. Frontiers in
Neuroanatomy (2014) 8:130. doi:10.3389/fnana.2014.00130

17. De Ronde W, Rein ten Wolde B Mugler A. Protein Logic: A Statistical
Mechanical Study of Signal Integration at the Single-Molecule
Level.Biophysical Journal. (2012) 103(5):1097-1107. doi:10.1016/ j.bpj.
2012.07.040.

18. Yuste R. Dendritic spines. The MIT Press, Cambridge, Massachusetts (2010),
pp 300-3001

19. Smythies ]. On the possible role of protein vibrations in information
processing in the brain: three Russian dolls. Frontiers in Molecular
Neuroscience (2015) 8:38. doi:10.3389/fnmol.2015.00038.

20. Fuxe K, Borroto-Escuela DO, Tarakanov AO, Romero-Fernandez W, Ferraro L,
Tanganelli S, Perez-Alea M, Di Palma M, Agnati LEDopamine D2
heteroreceptor complexes and their receptor-receptor interactions in ventral
striatum: novel targets for antipsychotic drugs. Prog Brain Res. (2014) 211:113-
39.doi: 10.1016/B978-0-444-63425-2.00005-2.

21.  Plankar M, Brezan S, Jerman I.The principle of coherence in multi-level brain
information processing. Prog Biophys Mol Biol. (2013) 111(1):8-29. doi:
10.1016/j.pbiomolbio.2012.08.006.

22. Smythies, John R. (John Raymond) (1994). The walls of Plato's cave : the
science and philosophy of brain, consciousness, and perception. Aldershot,
Brookfield, USA: Avebury. ISBN 978-1-85628-882-8.

23. Agnati LE Leo G, Zanardi A, Genedani S, Rivera A, Fuxe K, Guidolin
D.Volume transmission and wiring transmission from cellular to molecular
networks: history and perspectives. (2006) 187(1-2):329-44

24. Vadakkan KI. Framework of Consciousness from Semblance of Activity at
Functionally LINKed Postsynaptic Membranes. Frontiers in Psychology. (2010)
1:168.doi:10.3389/fpsyg.2010.00168.

25. Hameroff S. Consciousness, the brain, and space-time geometry. Ann N Y
Acad Sci. (2001) 929:74-104.

26. Bayer TA. Proteinopathies, a core concept for understanding and ultimately
treating degenerative disorders? Eur. Neuropsychopharmacol. (2015)
25(5):713-24. doi: 10.1016/j.euroneuro.2013.03.007

27. Golde TE, Borchelt DR, Giasson Bl, Lewis J.Thinking laterally about
neurodegenerative proteinopathies. J Clin Invest. (2013) 123(5):1847-55. doi:
10.1172/]C166029.

28.

29.

30.

3L

32.

33.

34.

35.

36.
37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

S1.

52.

S3.

54.

Rostgaard, Nina et al. PROTEOMICS-BASED CSF BIOMARKERS IN
FAMILIAL FRONTOTEMPORAL DEMENTIA. Alzheimer's & Dementia: The
Journal of the Alzheimer's Association. Alzheimer's Association International
Conference 2014 Volume 10, Issue 4, P514-P515

Piccardo E Cervenak ], Bu M, Miller L, Asher DM. Complex proteinopathy with
accumulations of prion protein, hyperphosphorylated tau, [J-synuclein and
ubiquitin in experimental bovine spongiform encephalopathy of monkeys. J
Gen Virol. (2014) 95(Pt 7):1612-8. doi: 10.1099/vir.0.062083-0.
Martins-De-Souza D, Dias-Neto E, Schmitt A, Falkai B Gormanns B
Maccarrone G, Turck CW, Gattaz WE. Proteome analysis of schizophrenia
brain tissue. World ] Biol Psychiatry. (2010) 11(2):110-20. doi: 10.3109/
15622970903490626.

Guest PC, Martins-de-Souza D, Schwarz E, Rahmoune H, Alsaif M, Tomasik],
Turck CW, Bahn S. Proteomic profiling in schizophrenia: enabling
stratification for more effective treatment. Genome Med. (2013) 5(3):25. doi:
10.1186/gm429.

Poljak A, Hill M, Hall R], MacLullich AM, Raftery MJ, Tai], Yan S, Caplan GA.
Quantitative proteomics of delirium cerebrospinal fluid. Transl Psychiatry.
(2014) 4:e477.doi: 10.1038/tp.2014.114.

Guingab-Cagmat JD, Cagmat EB, Hayes RL, Anagli J. Integration of
Proteomics, Bioinformatics, and Systems Biology in Traumatic Brain Injury
Biomarker Discovery. Frontiers in Neurology.(2013) 4:61. doi:10.3389/fneur.
2013.00061.

Kim MS, Pinto SM Getnet D, Nirujogi RS, Manda SS, Chaerkady R, et al. A
draft map of the human proteome. Nature. (2014) 509(7502):575-81. doi:
10.1038/nature13302.

Legrain B Aebersold R, Archakov A, Bairoch A, Bala K, Beretta L, Bergeron ],
Borchers CH, et al. The human proteome project: current state and future
direction. Mol Cell Proteomics. (2011) 10(7):M111.009993. doi: 10.1074/mcp.
M111.009993.

Dobson CM. Protein folding and misfolding. Nature. (2003) 426(6968):884-90.
Collet O. How does the first water shell fold proteins so fast? ] Chem
Phys.(2011) 134(8):085107. doi: 10.1063/1.3554731.

Gregersen N, Bross P Vang S, Christensen JH. Protein misfolding and human
disease. Annu Rev Genomics Hum Genet. (2006) 7:103-24.

Stoppini M,Obici L, Lavatelli F, Giorgetti S, Marchese L, Moratti R, Bellotti V,
Merlini G. Proteomics in protein misfolding diseases. Clin Chem Lab
Med.(2009) 47(6):627-35. doi: 10.1515/CCLM.2009.164.

Gundersen GA (2013). Roles of aquaporin-4 in brain fluid dynamics. Thesis
for the degree of Philosophiae Doctor. Centre for Molecular Medicine Norway
University of Oslo. ISBN 978-82-8264-090-9.

Xie L, Kang H, Xu Q, Chen M], Liao Y, Thiyagarajan M, O'Donnell J,
Christensen D], Nicholson C, Iliff JJ, Takano T, Deane R, Nedergaard M. Sleep
drives metabolite clearance from the adult brain. Science (2013) 18;342
(6156):373-7. doi: 10.1126/science.1241224. (2013) 342:373-377

Moore CI, Cao R.The hemo-neural hypothesis: on the role of blood flow in
information processing. ] Neurophysiol. (2008) 99(5):2035-47.

Thrane AS, Thrane VR, Nedergaard M. Drowning stars: Reassessing the role
of astrocytes in brain edema. Trends in neurosciences. (2014) 37(11):620-628.
doi:10.1016/j.tins.2014.08.010.

Dudek FE, A Rogawski, MA. Regulation of brain water: is there a role for
aquaporines in epilepsy? Epilepsy Curr. (2005) 5(3): 104-106. doi:
10.1111/5.1535-7511.2005.05310.x

Sun MC, Honey CR, Berk C, Wong NL, Tsui JK. Regulation of aquaporin-4 in a
traumatic brain injury model in rats. ] Neurosurg. (2003) 98(3):565-9.

Musiek ES, Xiong DD, Holtzman DM. Sleep, circadian rhythms, and the
pathogenesis of Alzheimer Disease. Experimental & Molecular Medicine.
(2015)47(3):e148-. doi:10.1038/emm.2014.121.

Papadopoulos MC, Verkman AS. Aquaporin 4 and neuromyelitis optica.
Lancet Neurol. (2012)11(6):535-44. doi: 10.1016/S1474-4422(12)70133-3
Muratake T, Fukui N, Kaneko N, Amagane H, Someya T. Linkage
disequilibrium in aquaporin 4 gene and association study with
schizophrenia. Psychiatry Clin Neurosci. (2005) 59(5):595-8.

Phillips RS, How does active site water affect enzymatic stereorecognition? J.
Mol. Cat. B: Enz. 19-20 (2002) 103-107. R. M. Lemieux, How water provides the
impetus for molecular recognition in aqueous solution, Acc. Chem. Res.29
(1996) 373-380

Yamaguchi Y. Lecticans: organizers of the brain extracellular matrix. Cell Mol
Life Sci (2000) 57(2):276-89.

Nagelhus EA, Ottersen OP. Physiological Roles of Aquaporin-4 in
Brain.Physiological Reviews. 2013;93(4):1543-1562. doi:10.1152/physrev.
00011.2013.

Yamaguchi M, Jadhav V, Obenaus A, Colohan A, Zhang JH. Matrix
metalloproteinase inhibition attenuates brain edema in an in vivo model of
surgically-induced brain injury. Neurosurgery (2007) 61(5):1067-75;
discussion 1075-6.

Wu X, Reddy DS. Integrins as Receptor Targets for Neurological
Disorders.Pharmacology & therapeutics (2012) 134(1):68-81. doi:10.1016/.
pharmthera.2011.12.008.

Katarzyna L, Kaczmarek L.Matrix Metalloproteinase-9 as a Novel Player in
Synaptic Plasticity and Schizophrenia. Schizophr Bull (2015) 41 (6). doi:
10.1093/schbul/sbv036

178 = GJRA - GLOBAL JOURNAL FOR RESEARCH ANALYSIS



