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Basic points of Quantum theory

Examples of processes which biological effect is impossible to explain
without the involvement of quantum mechanics and they are not
determined by the properties of individual atoms:

- Primary processes in photosynthesis
- Enzyme-catalysed reactions
- Avian magnetoreception

- Brain’s function



1. The trivial: QM dictates energies, molecular orbitals, etc.

2. Molecular dynamics and chemical kinetics:
e.g.
- Ultra-fast molecular transitions through conical
intersections
- Chemical reactions involving electron & proton
Tunneling

3. Functional necessity:
e.g.
- Magnetoreception in birds
- Olfaction (vibration assisted electron tunneling)
- Photosynthetic light harvesting
- Brain’s function




- The wave properties of particles relates to

The wave function is used to give
their statistical position about a point J

information on:
- probability distributions in 1D, 2D or 3D
- quantum states

- energy levels
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- The wave nature of matter is described
in some detail by the Schrodinger Wave
Equation.
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Reaction centre

Green sulfur bacteria

FMO: energy ,wire“ connecting chlorosome to reaction center
Fenna-Matthews-Olson (FMO) complex: ¥ :
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incoherent hopping

to reaction center
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wavelike transport:

* Q superposition character is maintained
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1. Introduction

Enzymes continue to be the subject of intensive research
efforts because of their ability to accelerate chemical
reactions by factors as large as 10 with extraordinary
selectivity.! Despite enormous advances, on both experi-
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Magnetoreception exists in a wide variety of animals, including
migratory birds, sea turtles, bees, mollusks, fish, salamandres,
and bacteria.

First experiments were performed in the 1960s with homing
pigeons and migratory birds
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FAD™ + D396(H) + W400(H) :WS"(H) i a b

RP-W400 RP-W377 formation
formation
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Entangled particles

Two entangled particles maintain the
interconnection independently from the
distance that separates them

So if one particle is disturbed, the other is also disturbed

As an example, consider two electrons that have
become entangled as a result of an interaction
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ATP

@ The biological molecule
adenosine triphosphate (ATP) can
release pyrophosphate, made from
two phosphate molecules.

Posner
cluster ® Calcium

O But if the phosphates are
grouped together into protective
clusters called Posner clusters,
which are made of phosphate and
calcium ions, the entanglement
might survive for a longer time.

Entangled

@ Each phosphate
carries a quantum spin,
and the two phosphates
can become entangled
with each other.
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© Unprotected, the
phosphate entanglement
will decay, or decohere,
in short order.

Entangled

) phosphates

© If o pair of entangled phosphates split into
different Posner clusters, they will remain entangled
even as the clusters transport them far from each other.
In this way, the entanglement can be distributed over
fairly long distances in the brain. This allows for the
possibility of a quantum basis for brain function.



