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WHAT IS LIFE?

The Physical Aspect of the
Living Cell
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Nature (433, 257 - 259, January 2005)
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Roger Penrose

The terminology 'theory of everything' has always worried me. There is a
certain physicist's arrogance about it that suggests that knowing all the

physical laws would tell us everything about the world, at least in principle.
Does a physical theory of 'everything' include a theory of consciousness?
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von Neumann J, Mathematical Foundations of Quantum Mechanics.
Princeton U.P., Princeton. (1955).
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The general intelligence 1s localized to regions of the

lateral prefrontal cortex
M. Atherton et al. Cognitive Brain Research, 16 (2003) 26-31, pg. 27
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The anesthetic-sensitive enzyme papain with halothane
(black) “docked” by energy minimization into its
major hydrophobic pocket
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row of qubits in a
linear Paul trap forms
a quantum register
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The dawn of

quantum
biology

The key to practical
quanfumcomputing
and high-efficiency
solar cellsmay lie in
themessy green world
outside the physicslab.

BY PHILIP BALL

to ooc upy utterly different realms. The former are us ually
observed only on the nancometre scale, surrounded by hard
vacuum, ultra-low temperatures and a tightly controlled laboratary
environment. The latter inhabit a macroscopic world that is warm,
messy and anything but controlled. A quantum phenomencon such as
‘voherence] in which the wave patterns of every part of a system stay in
step, wouldn't last a micresecond in the tumutuous realm of the cell.
Orso everyone thought. But discoveries in recent years suggest that
nahire knows a few tricks that physicists don't: coberent quantum pro-
cesses maywell be ubiquit ous in the natural world. Enown or suspected
examples range from the ability of binds to navigate using Earth's mag-
netic field to the inner workings of photosynthesis — the process by

O n the face of it, quantum effects and living organisms seem
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Quantum Effects in Biological Systems (QueBS
2010)- Harvard University
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1- MacKinnon et al., Biophysical Journal, 66: 1061-1067, 1994.
2- Shrivastava et al., Biophysical Journal, Vol. 83, 633-645, 2002.
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3- Shrivastava et al., Biophysical Journal, vol. 78, 557-570, 2000. o — d;ué I (e
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4- Shrivastava et al., Eur. Biophys. J., vol. 31, 207-216, 2002. Tud g ) drd) (I S gl 45
5- Guidoni, L. & P. Carloni, Biochimica et Biophysica Acta, 1563, 1-6, 2002. . [ e .
6- Guidoni et al., Biochemistry, 38, 8599-8604, 1999. L/ oda) Ciwd 4y a'/}ﬁ" 5 b

7- LeMasurier et al., C. J. Gen. Physiol. 118, 303-314, 2001.
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SYSTEM Thermal *TP=100 MacKinnon | Shrivastava | Guidoni et | LeMasurier
mV et al. et al. al. et al.
K+ 361 m/s 702 m/s 15 m/s 1.5 m/s 5m/s 0.1 m/s-
0.01 m/s
h S,k )X
ﬂ’dB — mv =
o] pild o bpigs Ser9d 90 Jab
SYSTEM Thermal *TP=100 | MacKinnon | Shrivastava | Guidoni et | LeMasurier
mV et al. et al. al. et al.
K* 0.02 nm 0.01 nm 0.68 nm 6.83 nm 2.05 nm 102 nm-
1.02 um
Sk dinlesl ki ek a4 (il

* Transmembrane Potential
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Salari, QUEBS 2012, UC Berkeley, CA
Salari, QuUEBS 2010, Harvard U, MA
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Enzymatic (luciferin-luciferase) or non-
enzymatic (photoprotein, etc.)

2

IO ARRAR Y



Indian Ocean

SOMALIA




Oluwsl v 5l uso He JowS

R. van Wijk et al., JPPB 83 (2006) 69, 30rmRnyan Wijk and E. P. A. van Wijk,
Biophotonics: Optical Science and Engineering for the
21st Century (2006) p. 173-84

Fig. 2. Ultra-weak photon emission of the face, the palm and dorsum of the hand. Photon emission image measured with the CCD imaging system: face
(panel A) and hands (panel C). The palm side is left and dorsum is right. Panels B and D are corresponding photographs under weak illumination,
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Fig. 7. Unhealthy (left) and healthy (right) geranium leaves. (A) Digital camera photograph.
(B) Chlorophyll fluorescence (1-minute exposure) in darkness. (C) Biophoton image
(10-minute exposure) after 27 minutes in darkness.
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brain computer interface technology




Honda controls Asimo by thought, takes brain-machine
interface to a whole new level
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*Electroencephalography (EEG)
*Electrocorticoyraphy (ECoG)
*Magnetoencephalography (MEG)
*functional magnetic resonance imaging (fMRI)
*Electroretinography (ERG)



Alpha-EEG with closed and open eyes
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Alpha-waves 8-12 Hz



ElectroCorticography
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Neuroscience Letters 2012

Michael A. Persinger
Laurentian University, Canada
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Medical Hypotheses, (2012)






