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The Penrose-Hameroff Orch OR model of consciousness

Microtubules are protein polymers inside brain neurons proposed to
act as quantum computers
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Microtubule

Microtubule Associated Protein



Tubulin

Tubulin is a globular
protein and the
fundamental component
of microtubules.

Microtubules (MTs)
constitute the
cytoskeleton of all the
eukaryotic cells and are
supposed to be involved
In many key cellular
functions




Microtubules (MTs)

Microtubules are cylindrical polymers composed by alpha and beta -
tubulin dimers. M Ts diameter is around 15 nm and their length can
vary from a few nm up to some cm.

MTs have optical, electrical and

guantum properties that might

explain long-distance intracellular
communication processes




Excitation of vibration in microtubules in living cells

Biophysical
Aspects

of Coherence

and Biological

J i PRRorny

May 13, 2011

In recent years coherent excitations have been found in living cells emanating
from microtubules at 8 Megahertz

Pokorny, J. (2004) Excitation of vibration in microtubules in living@©Bliselectrochem. 63: 32326.
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Experimental and Computational Studies on Biophysical Properties
of Microtubules

Resonance - Microtubules: sharp (0,30 Hz) peak of mechanical
y resonance at a frequency of 1510 MHz
g - Tubulin and control solution did not show any
e reaction
Eﬁ',..iiiﬁ |
i i MT molecular tubular structure can be responsible

for the observed amplification of the signal

MTs react to electromagnetic fields in a different way
than tubulin and control: birefringence effect is
always higher in MTs than in tubulin and control, with
statistical significance

This suggests again that the molecular structure of MTs could
be the cause of their reaction to electro -magnetic fields

Pizzi R, Strini G, Fiorentini S, Pappalardo V and Pregnolato.M Evidences Of New Biophysical Properties
of Microtubules. Focus on Atrtificial Neural Networks cap. 9. pag. 191-207. Edited by John A. Flores. Nova

Science Publisher Inc. 2011



PhysiceChemical Computational Simulation

SONNIA:If-OrganizingNeural Network forInformation Analysis)

ITSOM(Inductive Tracing Self -Organizing Map) network

MTs which in the dynamic evolution at zero field tend to move off their initial
position, under the influence of the electric field tend to return to the starting
position and to stabilize.

Their spatial organization is stronger than tubulin alone even in absence of
field. The presence of electric field causes a decrease of conflicts, indicating
a better structural organization, confirmed both by SONNIA and by the ITSOM
attractors, that show a high regularity and compactness.

Pizzi R, Fiorentini S, Strini G and Pregnolato M. Exploring Structural and Dynamical Properties of
Microtubules by Means of Artificial Neural Networks. Complexity Science, Living Systems and Reflexing
Interfaces: New Models and Perspectives. edited by Franco Orsucci and Nicoletta Sala. IGIl Global
publisher, 2011. in press.



2007 - Schrodinger's protein evidences (1)

nature
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Vol 446|12 April 2007|dei:10.1038/nature05678

Evidence for wavelike energy transfer through
quantum coherence in photosynthetic systems

Gregory S. Engel'?, Tessa R. Calhoun'+?, Elizabeth L. Read"?, Tae-Kyu Ahn"?, Tomas Man¢al'*1,
Yuan-Chung Cheng"?, Robert E. Blankenship®* & Graham R. Fleming"*

Photosynthetic complexes are exquisitely tuned to capture solar
light efficiently, and then transmit the excitation energy to reac-
tion centres, where long term energy storage is initiated. The
energy transfer mechanism is often described by semiclassical
models that invoke ‘hopping’ of excited-state populations along
discrete energy levels"’. Two-dimensional Fourier transform elec-

time. The coherence wavelength represents the initial excitation,
while the rephasing wavelength can be thought of as the subsequent
emission. Without coupling, contributions from excited-state absorp-
tion and emission cancel each other, yielding no off-diagonal peaks in
the spectrum that signal such coupling. But in the presence of cou-
pling, the cancellation is no longer complete and a so-called cross-
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2010 - Schrodinger's protein evidences (2)

Long-lived quantum coherence in photosynthetic
complexes at physiological temperature

Gitt Panitchayangkoon?®, Dugan Hayes®, Kelly A. Fransted®, Justin R. Caram?®, Elad Harel®, Jianzhong Wen®,

Robert E. Blankenship®, and Gregory S. Engel*’

*Department of Chemistry and The James Franck Institute, University of Chicago, Chicago, IL 60637; and "Departments of Biology and Chemistry,

Washington University, St. Louis, MO 63130

Communicated by Graham R. Fleming, University of California, Berkeley, CA, May 3, 2010 (received for review January 26, 2010)

Photosynthetic antenna complexes capture and concentrate solar
radiation by transferring the excitation to the reaction center that
stores energy from the photon in chemical bonds. This process
occurs with near-perfect quantum efficiency. Recent experiments
at cryogenic temperatures have revealed that coherent energy
transfer—a wave-like transfer mechanism—occurs in many photo-
synthetic pigment-protein complexes. Using the Fenna-Matthews—
Olson antenna complex (FMO) as a model system, theoretical
studies incorporating both incoherent and coherent transfer as
well as thermal dephasing predict that environmentally assisted
quantum transfer efficiency peaks near physiological temperature;
these studies also show that this mechanism simultaneously
improves the robustness of the energy transfer process. This theory

routes through which an excitation can travel to reach the lowest
energy state. While classical trajectories can navigate such funnel-
like landscapes, the wave-like motion through the complex im-
proves efficiency by avoiding kinetic traps. In higher plants, this
mechanism likely becomes more important because the landscape
is more rugeed without a downhill arrangement (17).

Recent investigations of photosynthetic systems at 77 K have
found evidence of coherent energy transfer in many antenna
complexes and even in the reaction center of purple bacteria
(2—4). This wave-like energy transfer mechanism, however, can
contribute to the near-perfect quantum efficiency of photosynth-
esis only if coherences survive in these systems dun'm1 energy
transfer at phwm]uglml lemelLuu ;\5 la,mpualuu, increases,
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2010 - Schrodinger's protein evidences (3)
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Vol 463 |4 February 2010|d0i:10.1038/nature 08811

Coherently wired light-harvesting in photosynthetic
marine algae at ambient temperature

Elisabetta Collini'*¥, Cathy Y. Wong'*, Krystyna E. Wilk?, Paul M. G. Curmi?, Paul Brumer' & Gregory D. Scholes'

Photosynthesis makes use of sunlight to convert carbon dioxide into
useful biomass and is vital for life on Earth. Crucial components for
the photosynthetic process are antenna proteins, which absorb light
and transmit the resultant excitation energy between molecules toa
reaction centre. The efficiency of these electronic energy transfers
has inspired much work on antenna proteins isolated from pho-
tosynthetic organisms to uncover the basic mechanisms at play'.

spectral variation between species because they use mainly tunable
linear tetrapyroles (bilins) for light-harvesting. Another remarkable
feature of cryptophytes is that they can photosynthesize in low-light
conditions, which suggests that the absorption of incident sunlight by
phycobiliprotein antennae in the intrathylakoid space'! and the sub-
sequent transfer of that energy among these proteins and eventually to
the membrane-bound photosystems is particularly effective”. Theory



Tubulin: a Schrodinger's protein?

Protein Qubit

According to H-P theory Tubulin exist in quantum superposition of different
states and function like a quantum bit, or qubit.

Hameroff S,Penrose R (995 Orchestratedreductionof quantumcoherencen brainmicrotubules
A model forconsciousnesdNeural Network World Vol. 5(5): 79804.

Hameroff S 2007 Orchestrated Reduction of Quantum Coherence in Brain Microtubules.
NeuroQuantology5 (1) X8.)



Penrose observed that quantum superposition T an object in two places/states
simultaneously T equated to two spacetime curvatures in different directions:
a bubble or separation in the fabric of reality
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But the separations are unstable, and after a time t (given by E=h/t) will spontaneously
self-col | apse to one curvature ori®@R)e ot her



The Penrose-Hameroff model suppose that quantum-superposed states develop
in tubulins, remain coherent and recruit more superposed tubulins until a mass-
time-energy threshold, related to quantum gravity, is reached (up to 500 msec).
This model predicts dendritic webs of approximately 100,000 neurons for discrete
conscious moments, or frames, occurring every 25 ms in gamma synchrony.
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Interior schematic of dendrites in quantum isolation phase. Actin has
polymerized into gel form and MAPs detached, shielding and isolating MTs
whose tubulins have evolved into quantum superposition



