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Quantum Entanglement Holds DNA Together, Say Physicists

A new theoretical model suggests that quantum entanglement helps prevent the molecules of life from
breaking apart.

By Emerging Technology from the arXiv

June 28,2010

There was a time, not so long ago, when biologists swore black and blue that quantum mechanics
could play no role in the hot, wet systems of life.
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Since then, the discipline of quantum biology has emerged as one of the most exciting new
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fields in science. It’s beginning to look as if quantum effects are crucial in a number of
biological processes, such as photosynthesis and avian navigation which we’ve looked at here
and here.

Now a group of physicists say that the weird laws of quantum mechanics may be more
important for life than biologists could ever have imagined. Their new idea is that DNA is held
together by quantum entanglement.

That’s worth picking apart in more detail. Entanglement is the weird quantum process in which
a single wavefunction describes two separate objects. When this happens, these objects
effectively share the same existence, no matter how far apart they might be.

The question that Elisabeth Rieper at the National University of Singapore and a couple of
buddies have asked is what role might entanglement play in DNA. To find out, they’ve
constructed a simplified theoretical model of DNA in which each nucleotide consists of a cloud
of electrons around a central positive nucleus. This negative cloud can move relative to the
nucleus, creating a dipole. And the movement of the cloud back and forth is a harmonic
oscillator.

When the nucleotides bond to form a base, these clouds must oscillate in opposite directions to
ensure the stability of the structure.

Rieper and co ask what happens to these oscillations, or phonons as physicists call them, when
the base pairs are stacked in a double helix.

Phonons are quantum objects, meaning they can exist in a superposition of states and become
entangled, just like other quantum objects.

To start with, Rieper and co imagine the helix without any effect from outside heat. “Clearly the
chain of coupled harmonic oscillators is entangled at zero temperature,” they say. They then go
on to show that the entanglement can also exist at room temperature.

That’s possible because phonons have a wavelength which is similar in size to a DNA helix and
this allows standing waves to form, a phenomenon known as phonon trapping. When this
happens, the phonons cannot easily escape. A similar kind of phonon trapping is known to
cause problems in silicon structures of the same size.

That would be of little significance if it had no overall effect on the helix. But the model
developed by Rieper and co suggests that the effect is profound.

Although each nucleotide in a base pair is oscillating in opposite directions, this occurs as a
superposition of states, so that the overall movement of the helix is zero. In a purely classical
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model, however, this cannot happen, in which case the helix would vibrate and shake itself
apart.

So in this sense, these quantum effects are responsible for holding DNA together.

The question of course is how to prove this. They say that one line of evidence is that a purely
classical analysis of the energy required to hold DNA together does not add up. However, their
quantum model plugs the gap. That’s interesting but they’ll need to come up with something
experimentally convincing to persuade biologists of these ideas.

One tantalising suggestion at the end of their paper is that the entanglement may have an
influence on the way that information is read off a strand of DNA and that it may be possible to
exploit this experimentally. Just how, they don’t say.

Speculative but potentially explosive work.

Ref: arxiv.org/abs/1006.4053: The Relevance Of Continuous Variable Entanglement In DNA
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