Collective dynamics in water. Some suggestions on the role of coherent excitations in the living cell and a model of charge density oscillations
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In the approach of life, the theory of long-range coherence developed by Fröhlich overcomes the fragmentary picture of molecular biology and helps understanding the integrative features of living organisms. An active role therein for water, as opposed to its mere function of a cellular environment, is sustained by models of water collective dynamics consistent to Fröhlich’s scheme and based on H2O electrical properties, as illustrated by the theory of coherence domains (CD) [1].The effective mass (excitation energy) of the water CDs was evaluated to 12.1-13.6 eV, much lower than e.g. the electron mass, and accordingly their de Broglie wavelength will be longer. This allows some new hypotheses.

The minimum volume of the cell. The cell may be looked up as a resonant cavity of volume V containing N water CDs, whose wavefunctions reflect totally on the membrane. Due to the low mass, the critical temperature Tc for the condensation of the above CD boson gas may exceed the ordinary temperature of biological organisms (~310 K), if reasonable values of the CD density is assumed. Then, in agreement to the “metabolism first” hypothesis of Dyson [2] we infer that the living state of a cell is essentially defined by its synchronized metabolic reactions. We further suppose that the dynamical metabolic order requires at least two “free” water CDs per cell (the minimum number consistent to a Bose-type condensation) immersed in the cytoplasm water fraction. Thus for Tc = 310 K, meff = 13.6 eV and N = 2, a minimal volume of a cell is estimated to 1.02 µm3, which is close to the volume of 0.35 µm3 of the smallest known cell, the Mycoplasma, and of a typical prokaryotic cell, e.g. 1.57 µm3 for E. coli (for which, however, N = 3). Probably, the first protocells were of about the same size. In similar conditions, the much larger eukaryotic cells will require 102 – 103 free water CDs. 

The maximum cell volume. We consider the translation of a water CD with meff = 13.6 eV in a cell described as a spherical well of radius a with impenetrable walls (infinite potential barrier) and neglect the CD orbital movement. The translation energy of the CD is quantized and, assuming the second level E2 to be thermally inaccessible from the first level E1 in the living state at 310 K, a maximal radius of 1.03 µm, i.e. a maximum volume of 4.45 µm3 was estimated. This is confirmed for prokaryotic cells, while in eukaryotic cells, such small volumes are defined by organelles which divide the cell space. The results sustain the evolutionary internalization of organelles as small foreign cells.
A model for liquid water based on plasmon-like excitations [3]. It is suggested that the dynamics of water has a component consisting of O–2z anions and H+z cations, where z is a (small) reduced effective electronic charge. Thus long-range Coulomb potentials in addition to short-range potentials lead to a H+z – O–2z two-species ionic stable plasma. As a result, two branches of eigenfrequencies appear, one corresponding to plasmonic oscillations and another to sound-like waves. Assuming ~1013 s–1 for the plasmonic mode we get z ~0.03. The sound waves are distinctive from the ordinary, hydrodynamic sound, and represent a non-equilibrium elementary excitation whose speed does not depend on temperature (the sound anomaly of water). The plasma oscillations may be quantized; this allowed an order-of-magnitude estimate of the correlation and cohesion energy (vaporization heat) of water. In addition, the oscillating ionic plasma entails oscillations of the delocalized electron cloud with the same eigenfrequency. In an external field, the latter produce an intrinsic polarizability, consistent to the above z value. The results are generalized for a multi-component plasma, as occurring e.g. in the cell cytoplasm, where many types of ionic groups exist. In the living cell, the water ionic plasma oscillations may interact with fields of biomembranes, biopolymers and water coherence domains; as such, they may play a role in cellular communications. In addition the water ionic palsmons should have a very low effective mass, of ~200z meV, and very large de Broglie wavelength, and one can speculate about the possible entanglement of their wavefunctions. This might provide support for intercellular correlations at very long distance, of interest for phenomena occurring in macroscopic organisms, such as embrio-, angio-, and morphogenesis, malign proliferation, contact inhibition, etc.
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