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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 

Stuart Hameroff 
Roger Penrose 



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  



MTs have optical, electrical and 

quantum properties that might 

explain long-distance intracellular 

communication processes 

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.  

Microtubules (MTs)  



In recent years coherent excitations have been found in living cells emanating 

from microtubules at 8 Megahertz  
 
 
 
 
 
Pokorný, J. (2004) Excitation of vibration in microtubules in living cells.Ο Bioelectrochem. 63: 321-326. 
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Experimental and Computational Studies on Biophysical Properties 

of Microtubules 

- Microtubules: sharp (0,30 Hz) peak of mechanical 

resonance at a frequency of 1510 MHz 

- Tubulin and control  solution did not show any 

reaction  

MT molecular tubular structure can be responsible 

for the observed amplification of the signal  

 

Resonance 

Birefringence  
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 Artificial Neural Networks cap. 9. pag. 191-207. Edited by John A. Flores. Nova 

Science Publisher Inc. 2011 



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. 

SONNIA (Self-Organizing Neural Network for Information Analysis) 

ITSOM (Inductive Tracing Self -Organizing Map) network 

Physico-Chemical Computational Simulation 

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. IGI Global 

publisher , 2011. in press. 



2007 - Schrodinger's protein evidences (1) 



2010 - Schrodinger's protein evidences (2) 



2010 - Schrodinger's protein evidences (3) 



Tubulin: a Schrodinger's protein? 

 

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 (1995) Orchestrated reduction of quantum coherence in brain microtubules: 
A model for consciousness. Neural Network World, Vol. 5(5): 793-804. 
 

Hameroff, S (2007)  Orchestrated Reduction of Quantum Coherence in Brain Microtubules. 
NeuroQuantology. 5 (1) 1ς8.) 



Penrose observed that quantum superposition ï an object in two places/states 

simultaneously ï equated to two spacetime curvatures in different directions:  

   a bubble or separation in the fabric of reality 

But the separations are unstable, and after a time t (given by E=h/t) will spontaneously 

self-collapse to one curvature or the other (an ñobjective reductionò ï O.R.).  



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. 



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  


