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PHONONS AND LONG-RANGE COHERENCE IN CELLS
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It has been proposed that a branch of collective longitudinal electric
modes exist in many biological systems(1). The frequencies of the vibrations
lie in the microwave región (1011—1012 Hz). The dipolar oscillations of
biological structures (that is, H-bonds, cell membrane, pockets of non-
localized electrons), will be coupled through long-range Coulomb interactions.
The models in which these predictions were made have received theoretical
treatment(2-3), and Cooper has developed it making emphasis in the cell
cycle and in the cancerous state(4'5).

In this letter we would like to comment on three questions which are of
relevance in a realistic model for the cell. (a) What may be the principal phonon
sources in cells? (b) Is there any biological structure in the cell that may be a
relatively stable source for electromagnetic waves? (c) If the phonon sources
in cells are important, what are the possible biological effects of this fact?

In relation to the first question, a survey of protein structure shows that
about 90% of all internal polar groups form H-bonds, a fact consistent with
the large amount of secondary structure observed in them(6). Also, if we
consider that the protein-ligand interactions involve non-covalent forces (that
is, H-bonds, dispersión forces, etc.), we can see that inside the cell, the number
of H-bonds is very great. Considering that H-bonds absorb in the microwave
and far infrared región regions(7), we believe that they are one of the most
important sources of long-wave phonons in cells.

The second question calis for some reflections. If there is a stable branch
of collective longitudinal modes in the cell, we may accept as a working
hypothesis that in order to produce any important biological effects, the
branch must be stable during the most part of the cell cycle at least. On the
basis of this hypothesis we suggest that the cell's membrane is the structure
that produces a stable electromagnetic field inside the cell through its
vibrations. It is interesting to mention that the cell's membrane área increases
during the cell cycle, modifying the strength of the field inside the cell. On the
other side, there is a very important source of long-wave phonons that is stable
during most of the cell cycle: the nucleoprotein (DNA plus its associated
proteins).

The coupling of the electric field with these phonons will produce
phonon-like polaritons.
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The third question is more difficult to answer. From Bose-Einstein
statistics and thermodynamic considerations, it follows that the phonon
entropy corresponding to the quantity of phonons produced by one mole of
harmonic oscillators with frequency v is:

r) (1)

where h, k, N, T and n(v) are the Planck's constant, the Boltzman's constant,
the Avogadros' number, the absolute temperature and the number of phonons
in energy level hi>, respectively.

We see that for a given temperature, S(v) depends only on the frequency
of the oscillator. In the case of a covalent bond, the frequency of vibration
lies on the range 2.5.1013— 5.0.1014 sec"1 and the S(i>) valué is small (between
0.15 and 10~7 cal/mole °K). But the case of H-bonds is very different, the
decrease of v leading to relatively high S(v) valúes. Having v = 1.5.1012 sec"1

we obtain S(v) = 4.8 cal/mole °K. Therefore, these phonons can play a very
important role in the process of protein-ligand interactions. For example, at
absolute temperature of 298 °K, we obtain for TAS a valué of 1.430
Kcal/mole, a valué that is important for the determination of the free energy
of binding in enzyme reactions. Perhaps the consideration of phonon entropy
may resolve small discrepancies observed in the valúes of the free energy of
binding in chymiotrypsin inhibitors( 8).

Work on mathematical formulation of these facts is in progress.
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