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J. Michael Schurr <jmschurr@zipcon.com>	July 31 2016, 5:09
Кому: vladimir.matveev@gmail.com


Dear Dr. Matveev,
Thank you for your email and your comment on my researchgate page, both of which provided the necessary information to view the video, dwell on the individual images, and to read their associated comments.
Please don't apologize for your “funny” English...you do very well in that regard. I know from experience that the Russian-English barrier is a difficult hurdle. I tried a few times to learn some Russian, but never got very far, and it always slipped away. My main success at speaking Russian came during a meeting in Pushino in 1990, when a lot of water came falling into our “hotel" room from the floor above. I raced upstairs, and found a door under which a small river of water was spreading out into the hallway, and behind which there were sounds of someone's desperate struggle with faulty plumbing and a growing flood. By stretching my meager vocabulary to its limit, I managed to shout something in Russian equivalent to, “Your water comes into my room," to which the person behind the door (a young woman scientist, it later turned out) responded with the sounds, "Ya Znaiu, Ya Znaiu” (I know, I know), indicating that she was already fully aware of the problem she was battling. Fortunately, in a reasonably short time she brought the further flow of water to a halt. A few hours later, she introduced herself to me and apologized profusely, although the break in the plumbing was by no means her fault. We had a good laugh over that.
I would like to address a particular sentence in your e-mail: "If I understand you correctly, you deny the existence of the water with a reduced solubility.” That is not an accurate statement of either my role in science or my thoughts about water in the presence of surfaces. I consider myself to be an experimentalist, so in addition to developing new kinds of measurement methods, my main activities have been to (1) to perform measurements on various molecules under previously unexplored conditions in an attempt to uncover new phenomena or principles, and (2) to notice and/or obtain experimental data that contradict one or another particular theory or the predictions that follow from that. Such contradictions necessarily invalidate the theory under conditions of the measurement, and indicate a need for revision or replacement of such theory. Significant theoretical development was often necessary in order to interpret results of new experimental methods, to obtain firm predictions by which a particular theory might be tested, and to interpret new and unexpected findings, and those were also undertaken in my lab.

Both of our papers on EZs in J. Phys. Chem. and my replies to Pollack's Comments discuss a number of extant experimental contradictions of Pollack's Long-Range Ordered Water Hypothesis, as well as alternative and generally testable alternative explanations for some of Pollack's observed phenomena, which explanations do not involve long- range ordered water. A particularly important contradiction is the following. Pollack's hypothesis that the EZ is an equilibrium state of water near hydrophilic surfaces absolutely cannot account for the observed loss of ability to form EZs upon repeated washing/equilibration of ion-exchange gels and Nation films with the bathing solution. However, many of Pollack's experimental observations, including the loss of ability to form EZs, could in principle arise from long-lived non-equilibrium transients involving small ion gradients, as was subsequently shown by Kellermayer and coworkers and Florea and coworkers. Please note, that such contradictions of Pollack's Long-Range Ordered Water Hypothesis imply nothing about the ability of water much closer to macromolecular surfaces to act as a solvent for other species, so they cannot be said to either confirm or deny the “non-solvent” properties of such water.
Subsequently, I shall discuss possible origins of “non-solvent” water close to macromolecular surfaces, but first I would like to consider experimental observations pertaining to effects exerted by different surfaces on water.

What sorts of observations provide the most relevant evidence concerning the range or extent of ordering of water and aqueous solutions near surfaces of various macromolecular and macroscopic materials in water?
(1) The force vs. separation curves of Israelachvili and Pashley were the first to demonstrate ordering of water extending out as far as six water layers amounting to ~ 20 Angstroms, or ~2 nm, from an atomically flat mica surface. Subsequent AFM measurements of ionic solutions near atomically flat mica surfaces using an oscillating tip together with relevant simulations by other groups provide a more detailed picture of ionic and “ordered” water layers extending to ~2.5 nm from the surface. These distances correspond to about 6 layers of water in very low salt, and ~8 layers of combined water and ions in high salt solutions. In contrast, Pollack's putative long-range ordered water would extend 10,000 times farther into the solution than anything seen in these experiments, which measure the force required to displace water molecules from positions near the surface.
(2) Translational, and also rotational, friction factors computed for many protein crystal structures by Sergio Aragon and coworkers match the experimental values, when a layer of water 0.1 nm thick covers the protein. This thickness is considerably less that the 0.3 nm expected for a full water layer, which indicates that a full water layer likely is only formed near parts of the surface, most likely those that contain ionic charges. The important point is that there is no evidence of bound water extending many water layers into the surrounding solution that moves with these proteins. In this regard, it is also notable that dynamic light scattering studies of carboxylated polystyrene latex spheres yield hydrodynamic radii within a few percent of those measured by electron microscopy in the dry state.
This indicates that no large zone of ordered water that moves with each sphere forms near such surfaces.
Матвеев: если речь о кристаллах, то, следовательно, это глобулярные белки, а глобулярные белки адсорбируют мало воды.
(3) The translational friction factors of the alkali metal ions (Li+ through Cs+), and the effective hydrodynamic radii deduced from those, have long been known to increase with decreasing ion size (Li+ being the smallest). When I was a student, it was believed that the smaller alkali ions simply bound their waters more tightly so that the motion of the increasingly smaller ions involved increasingly larger volumes of bound water, which were organized into something like icebergs that translated in concert with the ion. However, NMR experiments yielded no evidence of two different states of the water (bound and free) in solutions of alkali metal ions, although such evidence was abundant in the case of the alkaline earth ions (Mg2+ through Ba2+). Due largely to theoretical advances in the 1960's and 1970's, it is now widely believed that, in the case of the alkali metal cations, there is no quasi-permanent iceberg surrounding the ion. Instead, the extraneous friction drag is due to dielectric friction, wherein nearby water molecules are transiently oriented by the passing ion. Because of the finite relaxation time of the orientation process, the dipoles are always aimed at a point somewhat behind the moving ion's current position, which causes a force pulling against the current motion of the ion. Because water molecules can crowd closer to the smaller ions, where the polarizing field of the ion is greater, the dielectric loss effect is greater than for the larger ions.
(4) In high-resolution low-temperature crystal structures of certain proteins, significant ordering of neighboring water molecules can be seen to extend across cavities that span ~4 nm. One might expect that two opposed surfaces, each of which orders water to ~2. to 2.5 nm, might cause ordering across twice such a distance, when two opposing surfaces are brought so close, as was observed. The possibility that the ultra-low temperature plays some role in this ordering phenomenon cannot yet be ruled out. In any event, so far as I know, there is no compelling evidence for ordering of water near proteins over significantly larger distances.
(5) Another kind of experiment is X-ray scattering from bulk water, which shows that structural correlations in water positions die out over distances corresponding of ~ 1.2 nm, corresponding to the ~5th nearest-neighbor shell. This indicates that long range (100 - 200 micrometer) correlations in water structure are not significant in bulk water. If they are not evident in bulk water, then a surface would have to exert a long-range force on the water in order to induce ordering of its adjacent water over much greater distances, such as 100 micrometers. The problem is that the known force of longest range is the electrical force, but that dies out within a few Debye lengths in an equilibrium system. The Debye length in Pollack's microsphere suspensions is at most about 300 nm, or 0.3 micron, which is far too short to affect ordering of water molecules that lie 100-200 microns from the surface. Moreover, the observed long-range electric fields associated with the Nafion surface are far too weak to produce significant orientation of the individual water molecules, because the energy of the water dipole in such an electric field is negligibly
small compared to thermal energy (kT, where k is Boltzmann's constant).
In summary, current evidence strongly suggests that any ordering of water near single macroscopic and macromolecular surfaces does not extend more than several water layers into the surrounding aqueous medium, and up to 6-8 layers in the case of atomically flat macroscopic mica surfaces.
I shall now argue that “non-solvent” water necessarily exists in the vicinity of any surface, including a macromolecular surface, but that the non-solvent property does not necessarily require any particularly strong or specific interaction of that surface with the water, other than excluded volume (so called Pauli exclusion) forces and the ubiquitous attractive van der Waals interactions that resist formation of large cavities in the fluid, and does not require any extraordinary properties of the water involved. The following remarks are based on theoretical developments in a 2005 paper in Biophysical Journal, which is attached below (Schurr 2005 A Contribution to the Theory of Preferential Interaction Coefficients.pdf). The paper itself is pretty technical, but the basic ideas are the following. First, a particular reference point, or center, is located (arbitrarily, though in the same place in every molecule of a given kind) in every molecule in the solution. The concentration of a particular species at a given point in solution is the average concentration of centers of such species at that point, where the average is taken over all possible appropriately weighted (e.g. by Boltzmann factors) configurations of the solution, including all possible orientations of all of the species in the solution. Each solvent molecule occupies on average a particular volume in the solution, and each solute molecule also occupies on average a particular volume, which typically exceeds that of the solvent, because the solutes considered here are typically larger than a water molecule. We focus on a solution consisting of a solvent (water) and a more or less dilute small molecule solute (e.g. an alcohol or sugar). The molecular volumes of the solvent and solute are assumed to remain more or less constant, independent of solute concentration or proximity to a macromolecule. Introduction of a macromolecule causes two effects. First, the total volume of solution is increased by the volume of the macromolecular surface that cannot be penetrated by any part of either a solvent or solute molecule. From reported crystal structures of numerous proteins, Aragon and coworkers have calculated the volume that is excluded to water sized spheres by each protein, and found good agreement (within 1 %) with the measured molecular volumes of those same proteins in aqueous solutions. The second effect is an unmixing effect. In the presence of a macromolecule, there is a region of the solution that formerly was uniformly mixed, where solvent molecules can now reside, but from which solute molecules are excluded. This is a purely geometrical effect resulting from the fact that the centers of water molecules (think of them spheres with radii equal to 0.5 times the 1/3 power of the molecular volume) are excluded from a surface that is closer to the centers of the atoms of the macromolecule than the surface from which the centers of the larger solute molecules are excluded (when regarded as spheres of radii calculated in the same way from the molecular volume of the solute). These two exclusion surfaces are indicated in Figure 2 of the attached paper. Thus, all of the water in the volume (grey zone in Figure 2) between the two surfaces has zero concentration of solutes. Thus, simple geometrical considerations dictate that introduction of a macromolecule into a solution of any solute larger than water necessarily creates “non-solvent” water, and that for a given macromolecule the amount of such non-solvent water increases with the molecular volume of the solute.
This unmixing of solute and solvent requires work. One can imagine a membrane that is permeable to centers of water molecules, but impermeable to centers of solute molecules, and which surrounds the macromolecule. This membrane must be moved outward from the position of the surface of closest water centers to the position of the surface of closest solute centers. This is osmotic work, and for a sufficiently dilute solute is just P*DV, where P = ckT, where P is the osmotic pressure, c is the solute concentration, k is Boltzmann's constant, T is Kelvin temperature, and DV is the difference between the volumes enclosed by the two surfaces (i.e. the gray volume in Figure 2). Because this work is associated with the macromolecule, its free energy is increased by the amount of that work. This increase in chemical potential of the macromolecule due to exclusion of solute from a region that was formerly mixed is always present, and must be added to any contributions from specific interactions between the water/solute at particular sites on or near the macromolecular surface.
In addition to the excluded volume contribution to the free energy, one must also consider possible exchange reactions in which a solute molecule at a very large distance from the macromolecule is moved so as to occupy a particular site near the macromolecular surface and a corresponding average number of water molecules with the same volume as the solute is moved from that site to the distant site formerly occupied by the solute. When there is no net preference for water or solute at a particular site, then the equilibrium constant for the exchange process is K = V3/V1, where V3 is the molecular volume of the solute, and V1 is that of the solvent; and when solute is preferred over water at that site, the equilibrium constant for the exchange process is greater than V3/V1; and when water is preferred over solute at that site, the equilibrium constant for that process is less than V3/V1.
These two contributions to the chemical potential of the macromolecule upon immersion in the solution of solute in water are assumed to be additive, which should be valid for solutions that are not too concentrated. A thermodynamic quantity called the preferential interaction coefficient, is the slope of the chemical potential of the macromolecule with respect to the chemical potential of the water. This quantity contains two contributions that are closely related to the two discussed above. This preferential interaction coefficient was measured by Tom Record and coworkers for bovine serum albumen in the presence of a single osmolyte, for each of seven different osmolytes: urea, glycerol, trimethylamine N-oxide, proline, potassium glutamate, betaine, and trehalose. Because the molecular volumes of each of these species is known, it is possible to calculate simply the excluded volume contribution, which can then be subtracted from the measured value to obtain the contribution of the exchange reactions for all possible sites. If it is further assumed that all of the exchanging sites lie in the closest contact layer, then the number of such non-overlapping sites can be reckoned simply by computing the area of the surface of solute centers, and dividing that by the contact area per solute, which is simply assumed to be the 2/3 power of the solute molecular volume. When the total number of sites is known, then the average value of the equilibrium constant for all of the sites can be reckoned from the total exchange reaction contribution to the preferential interaction coefficient. The interesting thing is that for all of the osmolytes except urea, the value of K/(V3/V1) lies in the range 1.0 plus or minus 0.15. This means that for any of these solutes, there is no substantial preference of the macromolecular surface for water over osmolyte, or vice versa, and that there is no significant preference of solute for contact with the macromolecular surface over contact with water. All six of these osmolytes are employed in one organism or another to regulate osmotic pressure.
In the case of urea, one finds, K/(V3/V1) = 1.23, which indicates a stronger preference for urea over water at the macromolecular surface. (This value exceeds that given in Table 1 of the attached paper, because there was an error in the sign of the preferential interaction coefficient in that original Table 1). This result is not surprising, because the favorable (on average) interaction between urea and the surface (relative to the interaction of water with the surface) is a well known driving force for denaturation of globular proteins to a state with a considerably larger surface area.
If any of these osmolytes were excluded over a distance of 100 to 200 micrometers from the BSA surface, then their predicted preferential interaction coefficients (for water) would exceed the measured preferential interaction coefficients by several powers of 10. This circumstance and the considerations above strongly suggest that there is no large domain of non-solvent water extending beyond the surface of centers of the solutes around the macromolecule.
I am not saying that the structure of water is the same next to both polar and hydrophobic surfaces, because modern X-ray studies indicate clearly that it is somewhat different. However, the distances perpendicular to the surface over which such structural differences prevail are likely rather small, and the energetic strength of the interactions between water and the different kinds of surfaces might also be rather small, as appears to be the case for urea.
In regard to understanding the data in your Figures 11 and 12, the main question is whether the solute concentration in that fraction of the total volume that is not excluded to solute centers inside the dialysis bag is greater than, equal to, or less than that in the outside solution. In order to achieve a full understanding of those data, it will be necessary to have all of the pertinent information. (1) How exactly was it established that equilibrium had been reached? Did dilution of the outside solution, after equilibrium had supposedly been reached, result in the expected quantitative reduction of the solute concentration inside the dialysis bag? Smaller solutes will likely cross the membrane more rapidly that the larger solutes, and none of the solutes will pass the membrane as quickly as water, so how long was the time taken to reach equilibrium in each case? (2) Was the total volume inside the bag measured after reaching equilibrium, and if so, how much did it differ from the initial volume? At equilibrium, the osmotic pressures of the solutions inside and outside the bag must be equal. The difference in initial osmotic pressure between the outside and inside of the bag would likely drive water out of the bag faster than solute is driven in, which in turn would increase the concentration of macromolecules inside the bag over its initial value. Because water passes the membrane more rapidly than the solutes, the main concentration adjustment inside the bag is more likely loss of water, rather than gain of solute. (3) Were measurements of the solute concentration inside and outside the dialysis bag combined with the measured solution volumes (at equilibrium) to be certain that the solute was conserved? This would ensure that no solute molecules were lost to other processes, such as sequestering in the membrane itself or to metabolism by adventitious bacteria or other microorganisms. (4) Were drops of the final solutions inside and outside the dialysis bag plated out on agar containing maximal media in order to ascertain whether bacteria or other microbes were present to metabolize any of the solutes, most of which are sugars? (5) What are all of the constituents of the solutions inside and outside each bag, including the small ions? (6) What is the concentration of the macromolecules inside the dialysis bag in each case? (7) Is the concentration of solutes inside the bag measured per unit volume of the entire macromolecular solution, or per unit volume of just the water inside the bag? (8) What was the prevailing temperature or range of temperatures in each case? (9) What are the macromolecular shapes in each case? It is difficult to estimate surface areas without adequate knowledge of the shapes involved.? With the appropriate answers to each of these questions in every case, it is likely that every result could be understood in terms of the exclusion concepts discussed above without any need to postulate a pervasive mass of “non-solvent” water.
Those are my thoughts. Cheers! Mickey Schurr



J. Michael Schurr <jmschurr@zipcon.com>                                                                          August 1, 2016
To: vladimir.matveev@gmail.com

Dear Dr. Matveev,
 In my previous e-mail, I neglected to specifically mention an item of some significance, although you may already have inferred it from my remarks. The so-called “neutral" osmolytes, namely glycerol, trimethylamine N-oxide, proline, potassium glutamate, betaine, and trehalose, which evidently do not engage more strongly than approximately randomly in exchange reactions with water at the macromolecular surface, all significantly elevate the free energy of the macromolecular surface, due to exclusion of their centers from a shell of water around the macromolecule, and thereby generally act as a driving force to minimize the protein surface area. This force toward minimization of macromolecular surface area drives the folding of protein chains to become globular, and also drives the association of globular subunits to form multi-subunit proteins, and the association of several proteins to form multi-protein complexes. This is the same kind of force that is responsible for macromolecular crowding, although the crowding of large colloidal particles is much more efficiently achieved by using much larger solutes, such as polyethylene glycols of intermediate chain length, the centers of which are excluded from much larger volumes of water near the colloid surface, thereby generating much larger driving forces to reduce solvent exposed surface. However, in the case of urea, the tendency toward exchange of urea for water at the macromolecular surface, which lowers the free energy of the macromolecular surface, suffices to more than compensate for the rather small excluded volume contribution, so it acts to drive the macromolecule toward a state with greater surface area. Of course, in general one would expect to find that the tendency for exchange of solute for water at the macromolecular surface differs somewhat for native and denatured surfaces, and that also might contribute to favor the larger denatured surface. However, Record and coworkers that shown that, for at least some proteins, the dominant effect is the change in macromolecular surface area that is exposed to solvent.
 Cheers! Mickey Schurr

================================

https://www.researchgate.net/messages.NotificationCenter.html?category=messages&itemId=443708979

J. Michael Schurr, 11Aug16

Dear Vladimir,

Thanks for making available the copy of the Jerman’s article on the role macroscopically coherent quantum states of water in biology. Although I have not read this particular article, in the past I have encountered and read parts of numerous articles that posit the same thing, namely that macroscopically coherent quantum states of water molecules are important in biology. These articles all seem to be less than satisfactory for several reasons.

(1) The role of temperature is seldom, if ever, addressed. However, we know that it is experimentally very difficult at ambient temperatures to observe macroscopic quantum coherence that lasts for times much longer ~ 10 ps beyond the end of a coherent exciting light pulse even in collision-free molecular (as opposed to atomic) beams. The reason for the rapid loss of coherence at ambient temperature is due at least in part to the fact that the same quantum state of particular single normal (vibrational) mode in each molecule actually exhibits slightly different frequencies in each molecule, due to the different levels of thermal excitation in the other vibrational modes or rotation states of the different molecules, to which the given mode of interest is at least weakly coupled. Such loss of coherence in the vibrational frequencies rapidly erodes any initial macroscopic quantum coherence in a dilute coherently excited gas. In disordered liquid (or liquid-like) water, the frequencies of the vibrational normal modes in a given molecule are also affected by its interactions with its neighbors, which of course differ from one molecule to the next due to the different relative positions of the neighbors. This typically leads to even more rapid loss of any initial quantum coherence.

(2) Let’s ask a different question: “What is the maximum (critical) temperature at which a coherent quantum state can prevail over any reasonably macroscopic region, such as one of linear dimensions of 100 microns in three (x,y,z) directions?” After all, no one expects a macroscopically coherent quantum state to prevail over such a region at arbitrarily high temperature, so it must disappear at some temperature. Even in single-crystal superconducting solids, the macroscopically coherent superconducting states so far observed do not persist at temperatures above 135 K at ambient pressure. I have yet to see a paper dealing with macroscopic quantum coherence in water that provides an estimate of this transition temperature, Tc. In this regard such theories do not come up to the level of the Bardeen Cooper Schrieffer theory of superconductivity, which both addressed and answered this question in the case of certain metals. The relevant question is, “What is Tc for the macroscopically coherent state of the given volume of water, and does that lie above or below the ambient temperatures of living organisms?” Note that hyperthermophilic organisms exist at temperatures of very nearly 400 K.

(3) As stated in a previous communication, I am an experimentalist, whose job is to contradict one or another theory, where possible. Consequently, in order for me to become fully engaged with any theory, it must provide some firm prediction that is susceptible to experimental contradiction, in the sense that there must be a possible experimental outcome or result that would contradict the theory, and thereby rule it out. So far, none of the previous theories of the role of quantum coherence in biology with which I am familiar have presented such testable predictions. Unless, I can ascertain with relatively little effort that Jerman’s paper actually provides such an incisive testable prediction, the failure of which would rule out the theory, I will likely not find the time to read the whole paper in any detail.

(4) I see no incontrovertible evidence or indication that macroscopic quantum coherent properties of water are necessary for, or are in any way essential to, life. At ambient temperatures, the role of quantum mechanics is primarily to determine the properties and interactions of the individual molecules involved; there is simply no evidence anywhere in any material to suggest that macroscopic quantum coherence survives for extended times of volumes of significant size at or above 300 K.

I apologize for the blunt assessment of such notions, but I believe they are correct.
Cheers! Mickey Schurr

======================

Dear Mickey,

My understanding of physics does not accept the idea that any structure in pure water may have any significant value for the cell physiology (my co-author, Prof. Jaeken, does not agree with me, but I'm not a physicist, and I do not have enough arguments for discussions with him). So, your arguments is completely consistent with my views. 

However, meaningful historical tradition gives important function to bound/adsorbed water in the living cell. At this point, I see that you are the carrier of dangerous ideas. Now I'm trying to organize a crusade against you. :)
(1) Prof. Jaeken thinks that you do not take into account the "coherence of water", but recognizes that your criticism contains some hard nuts.
(2) My colleague, a professional physicist, thinks that your criticism is a set of 'ad hoc' arguments. He believes that you need in 'unified theory of solutions' to get firm anti-Pollack position. But I think that such requirement is extremist point of view.

As to me, I am reviewing that situation to the best of my knowledge.

Cheers... Vladimir
=========================

J. Michael Schurr. August 12, 2016

Dear Vladimir,

Thanks for the advance notice of your impending crusade against me, for your specific remarks, and for the relayed thoughts of Prof. Jaeken. I have several comments that might be relevant here.

(1) “Meaningful historical tradition gives important function” also to many religious beliefs, and one could fairly argue that humanity has been plagued more than benefitted by that. The search for truth should not depend primarily on historical tradition, but rather on relevant and/or incisive evidence, whenever that becomes available. Much of the early “evidence” for extensive bound water surrounding proteins and other macromolecules came from measurements of their sedimentation coefficients. These values were interpreted using smooth models, such as ellipsoids of revolution, to which a significant thickness of a rigidly attached water layer had to be added in order to provide the correct friction factors. That looked like a lot of bound water. However, two developments changed that situation. First, atomic level crystal structures for many single and multi-subunit proteins became available. Second, computational algorithms were developed to compute friction factors to high accuracy for such irregular and bumpy structures. Although those slightly underestimated the experimental friction factors, the discrepancy was far less than with previous models, and typically only a ~0.1 nm thick layer of water (less than 1 full hydration layer, which would be ~0.3 nm thick layer) was required to provide good agreement with the experimental values. The original evidence for large amounts of bound water has by now largely vanished, and only much smaller amounts of bound water, amounting to much less than a single full hydration layer, remain.

(2) I did not mean to imply that water very near macromolecular or macroscopic surfaces was not structurally ordered in some way. However, the evidence that I cited strongly suggests that such ordering does not extend more than 6-8 layers out from any single surface, and that in the particular case of bovine serum albumen there is little energetic preference of the protein surface for water relative to various known osmolytes. In the case of urea that preference is significantly greater, thereby favoring enlargement of the exposed (accessible) protein surface.

(3) Structural ordering of water in the grooves of DNA has been observed in high resolution crystal structures. This ordering apparently extends to two layers in the minor grooves of polyA tracts. Does anyone doubt that, in sufficiently small confined spaces or very near surfaces, the water finds only a few energetically equivalent configurations that are each occupied with relatively high probability, so that such water is necessarily more “ordered” than in bulk solution? The relevant question is NOT qualitative, such as whether structural ordering of water occurs near surfaces, but rather is quantitative regarding how far such structural ordering extends outward from the surfaces in question.

(4) I do not know what Prof. Jaeken means by “coherence of the water”, but I would guess that he means something like the second order space and time correlation function of the fluctuating electric polarization, <P(0,0)*P(r, t)>, where r is a position vector relative to that of the first point, taken as 0, and t is the time of the second point relative to that of the first, taken as 0. According to exact linear response theory, the wave-vector and frequency dependent complex dielectric constant is proportional to the spatial and temporal Fourier transform of this correlation function. In the limit of small wavevector (corresponding to large domains) and small frequencies (corresponding to long times) this complex dielectric constant becomes the static dielectric constant of bulk water, the values of which are well known as a function of temperature. Now, by using certain water molecule potentials that have been suitably parameterized, classical molecular dynamics simulations of both small drops and bulk water that take appropriate account of all long-range electrostatic interactions yield rather accurate densities, enthalpies of vaporization, structure factors, dielectric constants, and self-diffusion coefficients of water at various temperatures, provided that sufficiently long trajectories are run. It must be emphasized that these are classical, not quantum mechanical, simulations. Perhaps the effects of quantum “coherence of the water” are empirically incorporated into the adjustable parameters of the potentials. In any case, classical molecular dynamics simulations of water suffice to describe many of its most important measureable properties, including the static dielectric constant, which necessarily arises from the long-time long-range part of <P(0,0)*P(r, t)>. Such simulations give no indication of any long-range correlations in water structure. This observation is difficult to reconcile with any claim that coherence of water contributes significantly to long-range ordering of water.

(5) In our two published papers on these topics, I have done two main things. (i) I have criticized Pollack’s interpretations of his various experiments pertaining to Exclusion Zones, mainly by noting numerous contradictions of his claims and notions by other experiments, some of which were performed in his own laboratory. Thus, these criticisms are a matter of experimental (not theoretical) contradiction, except in the case of the potential calculation in the second paper, which is based on Poisson’s equation. There is nothing ad hoc in the experimental contradictions noted, such as the failure of sufficiently equilibrated Nafion or ion-exchange beads to exhibit EZs, or the absence of long-range halos in phase contrast microscopy. They are simply contradictions that cannot be denied. (ii) I have proposed alternative explanations for Pollack’s observations, and presented numerous testable (or already tested) predictions that follow from most of those. Perhaps it is the theory involved in these alternative explanations that Prof. Jaeken found to be ad hoc. 

(6) The thermodynamic chemotactic forces are derived from the theory originally expounded by Kirkwood and Buff, which follows rigorously from exact classical statistical mechanics, and forms the basis of a unified equilibrium theory of solutions, as described in Ben-Naim’s book on Statistical Thermodynamics for Chemists and Biochemists. Of course, that covers only the equilibrium properties. Non-equilibrium properties are necessarily treated in a somewhat ad hoc fashion, and necessarily involve additional topics like hydrodynamics. The search for a lessad hoc and more unified theory for non-equilibrium properties, especially one that takes full account of all quantum effects, is a reasonable (but also currently entirely impractical) goal for a theoretical physicist with a deep interest in the theoretical foundations of everything. However, to seize upon the observations and interpretations of Pollack and coworkers as evidence of some qualitatively new and important physics that needs to be worked out strikes me as misguided. To gain an elementary understanding of a phenomenon at the earliest point in time, one is usually (but not always) best advised to use the simplest credible theory that works in a reasonably quantitative way. That was Fermi’s approach. Let the High Priests of theory reinforce the theoretical foundations later. 
Cheers! Mickey

=====================

Dear Mickey,

Many thanks for your comment. Please see my remarks below.

The search for truth should not depend primarily on historical tradition, but rather on relevant and/or incisive evidence, whenever that becomes available.
*** I agree. However, the historical tradition in science is an agreed set of experimental data. I mean this tradition. 

However, the evidence that I cited strongly suggests that such ordering does not extend more than 6-8 layers out from any single surface, and that in the particular case of bovine serum albumen there is little energetic preference of the protein surface for water relative to various known osmolytes.
*** Now you have taken the vulnerable position. Anyone who thinks that there is a little portion of bound water in the cell should forget about globular proteins. According to available data, 40% of the proteome have no secondary structures (intrinsically unfolded proteins or intrinsically unfolded regions of proteins). Only this kind of proteins are able to bind a lot of water (because their peptide backbone is available for water; the backbone has needed electrical and steric characteristics to adsorb water). You will have final victory when concentrated solutions of intrinsically unfolded proteins will be studied. Nobody did it yet.

Structural ordering of water in the grooves of DNA has been observed in high resolution crystal structures. This ordering apparently extends to two layers in the minor grooves of polyA tracts.
*** According to weight percentage, proteins occupy second place after water in the cell. Proteins determine the state of water in the cell. The amount of bound water may be greater between two closely spaced absorbent surfaces.

This observation is difficult to reconcile with any claim that coherence of water contributes significantly to long-range ordering of water.
*** You know I attach value only to associated water. Any structures in bulk water has no physiological significance, I think.

I have criticized Pollack’s interpretations of his various experiments pertaining to Exclusion Zones…
*** Do you think that there is the Exclusion Zone in the living cell and it works there, regardless of an interpretation of its mechanism?

However, to seize upon the observations and interpretations of Pollack and coworkers as evidence of some qualitatively new and important physics that needs to be worked out strikes me as misguided.
*** Absolutely agree with you. I thought that the “Fourth Phase of Water” is just a publicity stunt. But if Pollack says it is new physics, it is certainly a mistake.

Cheers!
Vladimir
P.S. Marked by red is most important for me.
My interests in cell physiology connected with the theory:  http://www.bioparadigma.spb.ru/files/Matveev-2012-Main.principles.of.Ling's.physical.theory.of.the.living.cell.pdf 


===========================

Schurr’s reply. August 12, 2016

Dear Vladimir,
     Thanks for your most recent communication.  My responses follow.
(1) What are the “traditional” data that unambiguously indicate that the bulk of cytosolic water is firmly bound to proteins and other macromolecules?  Water that is unable to contribute to osmotic pressure by dissolving osmolytes necessarily exists near all surfaces, as I have already noted, and its inability to dissolve osmolytes increases with the size of the osmolytes, but such water is not necessarily bound in any ordinary sense.  Have you estimated the total macromolecular surface area in cells, and from that estimated the average thickness of water per unit surface area?  That might be instructive.
(2) "Firmly bound" can be taken to mean different things.  For example, does the water move like normal unfettered water, or is it greatly retarded by either its binding to or confinement by macromolecules, including proteins, which move much more ponderously.  Modern pulsed gradient NMR measurements indicate that 85 % of intracellular water exhibits a self-diffusion coefficient that is either identical to, or very near to, that of normal bulk water.  By this criterion, 85 % of the intracellular water behaves normally.  On the other hand, the best way to get information about the thermodynamics of associated water is via vapor sorption isotherms.  Long ago it was shown that collagen-like molecules bind the first waters of hydration with an affinity that approached the strength of typical chemical bonds, and that even subsequent molecules of water had moderately strong affinity.  The strongest bound waters, I suspect, are 1 molecule of water per triplet repeat of the pro pro gly and hypro pro gly, because that is clearly visible in crystal structures of such a repeat.
(3) Unless you have vapor sorption data or NMR evidence of tight binding, which you did not cite, your belief that polypeptides lacking secondary structure have the most tightly bound water is largely a matter of speculation, and could well be wrong.  As you noted, experiments in this area are very much needed!
(4) I consider it highly unlikely that the vast majority of water in the EZ differs from ordinary water in way except for long-range gradients of OH- and salt.  However, chemotaxis of various macromolecules along such gradients inside cells seems likely to me.  As stated in our original paper on the subject, an entire cell could be subject to chemotaxis, and in order to move away from its own acidic waste products, it has only to eliminate them in some non-spherically symmetric manner.  This may have been important for cells before active swimming apparati evolved.
     Cheers!  Mickey

====================
Matveev’s reply, August 13, 2016

Dear Mickey,

Thanks for your reply. I see that we came to the critical point of our discussion: NMR data on physical state of water in the living cell. I recognize that this is a problem for me. On the other hand, only with the help of water-related ideas I can explain existing data I have. 

Now I am writing an article in which the 3d slide occupies a key position (please see attached file with only 4 slides). The data for this figure see on 2nd slide. The legend for 3d slide is placed on 4th page of the file. 

Please bear in mind that this is not an argument against you. Simply, it is the problem. If you have time, please give me your advice on how this problem can be solved.

Ya Znaiu that you have a little time, so I am ready to wait. The interpretation of the data on the 3d slide is very important to me.

I thank you for the constructive and friendly discussion.

Cheers! Vladimir

===============================









Matveev’s reply. August 16, 2016

Dear Mickey,

Sorry, I missed your comment about the slides 11 and 12. The experiments were simple and not all your questions can be answered.

In regard to understanding the data in your Figures 11 and 12, the main question is whether the solute concentration in that fraction of the total volume that is not excluded to solute centers inside the dialysis bag is greater than, equal to, or less than that in the outside solution. In order to achieve a full understanding of those data, it will be necessary to have all of the pertinent information. 
(1) How exactly was it established that equilibrium had been reached? Did dilution of the outside solution, after equilibrium had supposedly been reached, result in the expected quantitative reduction of the solute concentration inside the dialysis bag? Smaller solutes will likely cross the membrane more rapidly that the larger solutes, and none of the solutes will pass the membrane as quickly as water, so how long was the time taken to reach equilibrium in each case? 
*** In preliminary experiments, they determined the time when concentration of a solute ceased to change in dialysis bag and in surrounding solution. For example, in the case of coacervates the equilibrium was established within 15 hours (galactose, sucrose). Data in Table 1 were obtained after 17-19 hours of dialysis. This protocol was used in all cases, for every system and for every substance. The exposure time was always longer than the time needed to reach the balance. Only the final concentrations are placed in Table 1. 
(2) Was the total volume inside the bag measured after reaching equilibrium, and if so, how much did it differ from the initial volume? At equilibrium, the osmotic pressures of the solutions inside and outside the bag must be equal. The difference in initial osmotic pressure between the outside and inside of the bag would likely drive water out of the bag faster than solute is driven in, which in turn would increase the concentration of macromolecules inside the bag over its initial value. Because water passes the membrane more rapidly than the solutes, the main concentration adjustment inside the bag is more likely loss of water, rather than gain of solute. 
*** In the case of the denatured hemoglobin in dialysis bags (Table 1), the final concentration of solutes in bating solution ranged from 30 to 100 mM (see attached file, Ling 1988). The corresponding data in the case of coacervates (in bating solution): 11-162 mM, galactose; 6-139 mM, sucrose (see Troshin, 1966, table 14). The corresponding data in the case of frog muscle (in Ringer solution): 9-175 mM, arabinose; 1-120 mM, galactose; 2-70 mM, sucrose (see Troshin, 1966, table 22). These solute concentrations are too small to cause significant changes in volume of the systems studied. The authors did not note any changes in volume of objects that they studied. In the case of yeast, cell volume was under special control, however, it was obtained qualitatively the same data (Troshin 1966, p. 140-145). 
(3) Were measurements of the solute concentration inside and outside the dialysis bag combined with the measured solution volumes (at equilibrium) to be certain that the solute was conserved? This would ensure that no solute molecules were lost to other processes, such as sequestering in the membrane itself or to metabolism by adventitious bacteria or other microorganisms. 
*** The duration of the experiments was too short, so that the effect of the bacteria was noticeable. In University lab, in which I have worked as a student, it was shown that the number of bacteria did not grow significantly during storage isolated muscles in Ringer for several days (at 18 oC).
(4) Were drops of the final solutions inside and outside the dialysis bag plated out on agar containing maximal media in order to ascertain whether bacteria or other microbes were present to metabolize any of the solutes, most of which are sugars? 
*** Crops on agar is not performed because it was obvious that the bacteria are not enough (control through a microscope). Crops on agar is used mainly to determine species of bacteria. Muscles of Rana pipiens (Muscle P on the figure) are interesting because temperature about 0 oC does not damage them and the metabolism in the muscles is virtually stopped. Such low temperature minimizes the risk of bacterial and muscle metabolism. However, the curve for these muscles (Muscle P) is not qualitatively different from the other curves on the figures. In addition, galactose is not metabolized by erythrocytes nevertheless the solute gives qualitatively the same distribution between the cell and medium (see Troshin 1966, 95-99). 
(5) What are all of the constituents of the solutions inside and outside each bag, including the small ions? 
*** Only uncharged solutes were examined, so any interference of electrostatic interactions did not take place. Comparing the data for neutral poly (ethylene oxide) with the data for proteins, coacervates and muscles shows that poly (ethylene oxide) solution gives qualitatively the same result as that of all the other systems shown in the figure.
(6) What is the concentration of the macromolecules inside the dialysis bag in each case? 
*** Please see Table 1 and legend for it below.
(7) Is the concentration of solutes inside the bag measured per unit volume of the entire macromolecular solution, or per unit volume of just the water inside the bag? 
*** Per unit volume of the water only in the bag and in all other objects.  
(8) What was the prevailing temperature or range of temperatures in each case? 
*** Please see Table 1 and legend for it below.
(9) What are the macromolecular shapes in each case? It is difficult to estimate surface areas without adequate knowledge of the shapes involved? With the appropriate answers to each of these questions in every case, it is likely that every result could be understood in terms of the exclusion concepts discussed above without any need to postulate a pervasive mass of “non-solvent” water.
*** It looks like the law of nature: only linear macromolecules with extended conformation show the dependence of the distribution coefficient from molecular weight. This law is proved by poly (ethylene oxide) and unfolded hemoglobin. Why do other systems behave in the same way on the figure? I'm sorry, but please repeat your unified explanation of all systems on fig.1 after my clarifications. “Ad hoc” explanations are not acceptable. :) 

Let me ask you some questions.

1. Each method has its limit of sensitivity. Does NMR have its sensitivity limit also? Perhaps NMR determines a water most firmly associated with cellular structures.

2. In recent years, a new hot topic for research has appeared: non-membrane phase compartments (https://biosignaling.biomedcentral.com/articles/10.1186/s12964-015-0125-7). It is a sensation because they believed for decades that compartmentalization is possible with help of membranes only. However, no one gives a definition of phase in the case of macromolecular systems. Why do they call assembly of macromolecules (proteins, RNA or DNA) as phase? Classic definition of thermodynamic phase is not suitable for macromolecular assemblies. The definition applies only for system like ice-water-gas. Do authors of non-membrane phases use historical tradition or intuition? 
My answer on this question. For 150 years they called macromolecular complexes just complexes. With this understanding, water was only inert solvent. Macromolecular complexes can turn into a phase only under one condition: the complex will bind water and find itself in a water shell. Molar ratio water/macromolecular is equal to 1 with many zeros. Only changing a physical state of a most numerous particles of a system (water molecules in this case) transforms this system into a phase. 
My definitions of phase: (1) macromolecular complex is a phase if most part of the water molecule are bound by macromolecules; (2) if physical state of water in a macromolecular complex differs from the physical state of bulk water, then this is a phase. Where I am wrong?

Cheers! Vladimir 
Troshin AS. 1966. Problems of cell permeability. Oxford: Pergamon Press:
http://www.bioparadigma.spb.ru/files/Troshin-1966-Problems.of.Cell.Permeability-Eng.pdf
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Fig. 1 	Dependence of the equilibrium distribution coefficient (q) of solutes between studied systems (model systems and living cells) and bathing solution on their molecular weight. According to Table 1 (see below).



































Table I		Equilibrium distribution coefficients (q) of solutes between studied systems (solutions of macromolecules, coacervates, living cells), on the one hand, and bathing solution, on the other, depending on their molecular mass. q = Cc/Cs, where Cc, concentration of tested solute in dialysis bag (or some another system) calculated per volume of water (mM); Cs, concentration of the same solute in the medium (mM).

	Solute
	MM
	q

	
	
	n-Hem
	d-Hem
	PEO
	Gelatin
	Coacervates
	Muscle T
	Muscle P
	Dowex 50

	Methanol
	32.04
	-
	-
	-
	0.94
	-
	-
	0.91
	0.61

	Ethanol
	46.07
	-
	-
	-
	0.91
	-
	-
	0.81
	-

	Acetamide
	59.07
	-
	-
	-
	-
	-
	-
	1
	-

	Urea
	60.06
	-
	-
	-
	-
	-
	-
	1.05
	-

	Isopropanol
	60.1
	-
	-
	-
	0.91
	-
	-
	-
	-

	n-Propanol
	60.1
	-
	-
	-
	0.93
	-
	-
	-
	-

	Ethylene glycol
	62.07
	0.998
	0.998
	0.949
	0.87
	-
	-
	1.02
	0.67

	n-Butanol
	74.12
	-
	-
	-
	0.91
	-
	-
	-
	-

	Tert-Butanol
	74.12
	-
	-
	-
	0.91
	-
	-
	-
	-

	1,2-Propanediol
	76.09
	-
	-
	-
	0.89
	-
	-
	0.834
	-

	DMSO
	78.13
	-
	-
	-
	
	-
	-
	0.72
	-

	1,2-Butanediol
	90.12
	-
	-
	-
	
	-
	-
	0.87
	-

	2,3-Butanediol
	90.12
	-
	-
	-
	0.89
	-
	-
	-
	-

	Glycerol
	92.09
	0.958
	0.887
	0.909
	0.9
	-
	-
	1
	0.49

	3-Chloro-1,2-Propanediol
	110.54
	-
	-
	-
	
	-
	-
	0.893
	-

	Pinacol
	118.17
	-
	-
	-
	0.86
	-
	-
	-
	-

	Erythritol
	122.12
	1.053
	0.856
	0.92
	-
	-
	-
	0.29
	-

	D-Arabinose
	150.13
	-
	-
	0.861
	-
	-
	-
	0.27
	-

	D-Ribose
	150.13
	-
	-
	-
	-
	-
	-
	0.26
	-

	D-Xylose
	150.13
	0.98
	-
	0.864
	-
	-
	-
	-
	-

	L-Arabinose
	150.13
	-
	-
	-
	-
	-
	0.46
	0.27
	-

	L-Xylose
	150.13
	-
	-
	-
	-
	-
	-
	0.26
	-

	Xylitol
	152.15
	0.936
	0.837
	-
	-
	-
	-
	0.22
	-

	D-Fructose
	180.16
	-
	-
	-
	0.95
	-
	-
	-
	-

	D-Glucose
	180.16
	-
	-
	0.879
	0.94
	-
	-
	0.227
	0.22

	L-Galactose
	180.16
	-
	-
	-
	-
	0.61
	0.36
	-
	-

	D-Mannitol
	182.17
	0.961
	-
	0.82
	-
	-
	-
	0.217
	-

	D-Sorbitol
	182.17
	1.035
	0.84
	-
	-
	-
	-
	0.227
	-

	D-Trehalose
	342.3
	0.997
	0.713
	0.87
	-
	-
	-
	-
	-

	Lactose
	342.3
	-
	-
	-
	-
	-
	-
	-
	-

	Sucrose
	342.3
	0.976
	0.627
	0.768
	0.77
	0.60
	0.28
	0.132
	0.24

	D-Raffinose
	594.51
	0.971
	0.552
	-
	0.62
	-
	-
	0.1
	-



Notes. MM, molecular mass; n-Hem, native bovine hemoglobin solution (39%); d-Hem, NaOH-denatured bovine hemoglobin (20%), dialysis was carried out in an alkaline solution containing 0.4 M NaOH; PEO, poly (ethylene oxide) (15%); Gelatin (18%); Coacervates, gelatin-gum arabic complex at 40 ℃; Muscle T, frog calf muscle (Rana temporaria) at 18 ℃; Muscle P, frog sartorius muscle (Rana pipiens) at 0 ℃; Dowex 50, cation (sulfonate) exchange resin, spherical material of 20 to 50 mesh; DMSO, dimethyl sulfoxide. В случае растворов высокомолекулярных соединений использовали равновесный диализ в Spectra Por 2 tubing. 
References. Columns n-Hem—Gelatin (Ling & Hu 1988; Ling 1993), Coacervates (Troshin 1966, Tab.104); Muscle T (Troshin 1966, Tab.22, there were taken minimal q-values because of data of Fig. 2 and 3); Muscle P (Ling et al 1993); Dowex 50 (Ling 1965).
Troshin AS. 1966. Problems of cell permeability. Oxford: Pergamon Press:
[image: ] 
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Schurr’s reply. August 20, 2016

Dear Vladimir,
     I apologize for taking so long to reply.  My wife and I spent the past week on a lovely island in Puget Sound, which is the inland sea formed by 1 mile thick glaciers during the last ice age, and returned home only this afternoon.
(1) During our holiday, I calculated the average thickness of the water layers surrounding proteins, e.g. in hemoglobin (Hb) solutions that contain 49 g Hb and 0.51 g water, as in the first sample on your list.  (I have assumed that the percentages given correspond to weight fractions.  If this is incorrect, please let me know.) The calculation was greatly oversimplified.  The protein was assumed to be a sphere with the appropriate molecular mass mass for Hb (which has molar mass about 67,000 g/mol), and a molecular volume that was reckoned from its molecular mass using the standard average specific volume of 0.75 cm^3 per g, which is close to that of many proteins.  From the molecular volume and the assumed spherical shape, the molecular radius and surface area were simply reckoned.  From the number of proteins and the surface area per protein, the total surface area of protein in the sample was calculated.  The number of water molecules in 0.51 g of water was then reckoned, and the volume associated with each water molecule was calculated as the total water volume (~0.51 cm^3) divided by the number of water molecules.  Such a volume includes not only the hard-core volume of water, but also takes account of its thermal “vibrations” in the average potential of its neighbors.  Then by assuming that this water volume had a space-filing “cubic” shape, the length of the cube side, and the area of one face of the cube could be reckoned.  Then by assuming that this area of one face of the cube associated with a given water molecule corresponds to the area of its “footprint" when next to a protein, the number of water molecules in the first, or contact layer by the protein can be estimated simply by dividing the total area of protein by the “footprint” area of a water molecule.  Then by dividing the total number of water molecules in the sample by the total number in the first layers of all of the proteins present, the maximum average number of water layers associated with each footprint area of protein surface is readily estimated.  In this case, the answer obtained was about 4 layers of water associated with each footprint area.  Although crude, this indicates that practically all of the water lies within a few water layers of one or another protein surface.  Of course, this conclusion rests upon the assumption that the proteins are more or less uniformly distributed.
     I repeated this calculation for several different choices of molecular weight and for different weight fractions of protein and water.  For example, in a cell the water weight fraction is about 0.7 and the protein weight fraction is about 0.3.  If the protein molar mass is 10,000 g/mol, then there are about 4.8 water layers associated with each water “footprint” of protein surface.  If the average protein molar mass is 100,000 g/mol, then about 10.3.  Of course, the assumed spherical shape provides the smallest possible area for a given molecular mass, so that the protein surface areas in reality will be significantly greater, and result in correspondingly smaller numbers of water layers.
     Unless I have made some egregious mistake (always possible, especially for someone of my age) essentially all of the water in the these samples will be within a very modest number of water layers of one protein surface or another.  Only in the event that the proteins are clumped together in one part of the solution, would they be dilute enough in other part(s) to exhibit many more layers of water associated with each water “footprint” on the protein surface.
     If the estimates of the numbers of water layers above are not too inaccurate, then the NMR pulsed gradient measurements of water diffusion coefficients in cells suggests that the translational dynamics of water molecules even within a few layers of the protein surfaces do not differ appreciably from those in normal bulk water.  That seems somewhat unlikely to me, so perhaps the proteins in cells are clustered and very high concentrations in one region, and much more dilute in other regions.
     Cheers for now.  Mickey
==============================

Matveev’s reply. August 20, 2016


Dear Mickey,

St. Petersburg locates at 59°57′ degrees North latitude, and
Seattle locates at 47°36′22″, so last ice age has finished later for us and our glaciers was thicker. :)
I hope you relaxed enough. 

Your calculations for globular hemoglobin suits me (I wrote to you that globular proteins bind much less water than proteins with extended conformation). However, what you have written about the NMR struck me.

It turns out that NMR is insensitive even to the water that you recognize bound to hemoglobin. Na+ and K+ react with water much stronger than protein dipoles but NMR insensitive even in the case of the ions. You wrote that according to NMR only 15% of intracellular water is in bound state. Which super-strong interactions bound the 15%? Does physics know this Dark Energy in the living cell? Maybe the Energy is not only in the Universe? Perhaps the NMR data cannot serve as final proof of a free state of intracellular water? Or am I wrong, as always?

If article titles on NMR-intracellular water and NMR-Na&K interactions with water are at your fingertips, please send them to me at a convenient time for you. There are a lot of articles on these subjects but I would like to know articles you recognize as important ones.

My request is not urgent. Your vacation should not be interrupted too quickly. :)

Cheers! Vladimir

===================================

Schurr’s reply. August 23, 2016

Dear Vladimir,

     I am writing to clarify a few things.

(1) The estimated ~4.0 water layers around Hb in a 49 w/w% solution says nothing whatsoever about whether that water is, or is not, bound to the Hb.  That number arises from the fact that, collectively, the Hb molecules in 1 g of solution provide a specific number of "parking spaces" for water on their surfaces, based on simple geometry.  Then given the number of water molecules in the sample, the total number of water molecules per parking space can be deduced.  The average number of water molecules per parking space is simply taken to be the number of layers.  This value does not depend upon whether Hb does or does not interact strongly with water, which is assumed to be largely incompressible, which is normally a good assumption for approximate estimates like this.  Even if each Hb could in principle bind huge amounts of water, there would not be any more layers for a solution of the given composition, because there simply are not enough water molecules for the amount of protein surface present.

(2) In one sense, the “sensitivity" of NMR is the same for all nuclei of a given kind in the same kind of molecule, since each nucleus has precisely the same magnetic moment, and interacts with the main magnetic field and radio frequency fields with the same strength.  However, an important difference (for NMR) between tightly bound (substantially immobilized and non-exchanging) water and normal bulk water is that the spectrum in the former case is spread over a much larger range of frequencies.  Why is this so?  Each given spin 1/2 nucleus resonates at a frequency that is determined by its local, generally anisotropic, magnetic shielding (due to electrons in the molecule) and also by its magnetic dipolar interactions with similar nuclei in the same and surrounding molecules.  The normal dynamic motions of water in the bulk liquid are so rapid that extensive averaging over the possible orientations of the molecule to which the nucleus belongs and over the possible orientations and relative positions of the neighboring molecules takes place well within the NMR time-scale (discussed below).  As a consequence of such averaging, every nucleus appears to be in nearly the same (average) environment as any other, so their resonance frequencies are all rather close together, which produces a very narrow, or sharp, resonance.  Now, suppose that the internuclear vectors and orientations of a given water molecule and also those of its neighbors are effectively frozen (fixed in time) relative to a stationary protein or other stationary surface to which they are bound, and of course also relative to each other.  In this case, such motional averaging cannot occur, so the resonance frequencies of the different molecules (actually of the nuclei therein), and their resulting spectra, are spread over a far wider range.  In fact, the spectrum may be broadened so far that it is effectively “invisible” in NMR, which is the case in ice, for example.  Such a completely frozen solid material can be studied via Magic Angle Spinning of the entire sample in the spectrometer, which has the effect of motional averaging to substantially narrow the spectrum.  If stationary proteins with tightly bound water molecules uniformly sample all possible (stationary) orientations, then Magic Angle Spinning of the sample will produce substantial averaging of the spectra of the tightly bound waters, leading to a narrower and often (but not always) observable, but still broad, spectrum.  The spectrum of a collection of randomly oriented rigid particles each bearing rigidly oriented nuclei is called a powder spectrum .  Such spectra exhibit prominent horns (representing singular behavior of the distribution of resonance frequencies at particular orientations).  Such horns are the signature of randomly oriented stationary solid particles, wherein the rotations of the molecules (in this case water) within the NMR time-scale have been suppressed, as would be the case for water molecules that are either rigidly bound to a sufficiently slowly moving surface, or part of a long-lived, rigid, sufficiently slowly moving cluster of water molecules.  If the stationary solid particles are all uniformly oriented, instead of randomly oriented, then for a range of angles with respect to the main magnetic field the spectra of the water molecules will be split into what are called Pake doublets.  Of course,multiple discrete orientations, will cause the appearance of more complex spitting patterns than simple doublets.  Except for crystalline samples (e.g. of proteins), most biological samples with fixed or extremely slowly moving macromolecules are much more likely to involve a nearly continuous range of orientations, and yield spectra closer to the random powder patterns.  However, in the absence of either sample spinning or rotation of the macromolecules bearing  the water molecules, such spectra might be too broad to be observed.  However, if the macromolecules bearing the water molecules are not too large, say with molecular weights less than a few hundred thousand, then their rotational diffusion should narrow the water proton spectra sufficiently to observe a powder pattern.  To my knowledge, no such powder pattern has been reported for any protein solution.
     
   Such "powder spectra” also were not observed in NMR studies of water in contact with neutral hydrogels (see reference 2 of our paper, Phenomena Associated with Gel-Water Interfaces) or in precipitates of ion-exchange gel particles or Nafion particles (attached below).  In the former case, NMR imaging was performed on the sample in the region claimed to be an EZ, which requires a reasonably strong water signal with a spectrum that is not too broad.  In fact, there was relatively little detectable difference in either strength or breadth the water proton spectrum between bulk water and that in the putative EZ, which indicates that there is either no, or at most only exceedingly slight, orientational ordering of water in the claimed EZ.  In the case of the ion-exchange gel particles and Nafion particles, their rotational diffusion in their precipitates is most likely negligible, so the possibility that a thin shell of tightly bound orientationally ordered water surrounds each particle cannot be conclusively ruled out by the NMR experiments reported by Yoo et al..  If the same experiments had been performed in deuterated water, where dipolar couplings and their associated spectral broadening are substantially reduced, the presence of orientationally ordered water would have been plainly apparent in powder-like spectra, but the authors did not do that experiment.  The claim of Yoo et al. that there is no bulk water in the interstitial spaces between ion-exchange gel (or Nafion) particles is not the only possible interpretation of the data.  Whenever, there is a boundary between two regions with different macroscopic magnetic shielding properties, such as that between the interiors of the particles on hand and the interstitial waters on the other, and water initially on one phasecan by translational diffusion cross over and spend some time in the other phase, then the apparent self-diffusion coefficient in either phase will appear to be somewhat less than if all water molecules remained in their respective phases during the gradient pulsing cycle.  The reasons for this are described in detail in our paper (Phenomena Associated with Gel-Water Interfaces).  Whenever a substantial fraction of water in the bulk phase can reach the interior of an ion-exchange gel or Nafion particle, and conversely, within the time-scale of the NMR experiment (which is the dephasing time, T2), it contributes to decrease both T2 and the measured “apparent” self-diffusion coefficient in the “bulk” phase below the value typical of bulk phase water far from any boundary.   
  Conversely, measurement of a nearly normal self-diffusion coefficient in a given region of a heterogeneous system does not necessarily imply that there is no ordered water at or near its boundaries.  I give a purely hypothetical example.  Suppose that the water in the first contact layer at the surface of a protein is significantly ordered, but suppose also that it can exchange rapidly (within the NMR time-scale) with many water molecules in much less well ordered outer layers, and also with other water molecules in the first contact layer, and it can do this well within the NMR timescale (which is simply T2).  In this case, every water molecule in the “bulk” region will spend some time occupying different sites in the first layer as well as many different sites in the outer less well ordered layers, and one will obtain a spectrum representing the time-average of the spectra in the different sites along the trajectories of the various water molecules, which average may not differ much from bulk water, provided that the ratio of water in outer layers to that at the surfaces is sufficiently great.  In such a case, one will not obtain a “powder” spectrum, and the spectrum will display no visible horns.  One may conclude that either there is no orientationally ordered water at all or, if such ordered water is present, then it must be a minority species, and those minority ordered water molecules must exchange rapidly with the majority of sites in more disordered layers within the NMR time-scale.

(3) The 15 % of (visible in NMR) intracellular water that exhibits a low value of the self-diffusion coefficient is not necessarily bound in any ordinary sense, but could simply occupy a region wherein the magnetic shielding varies unusually strongly from one place to anther and it is able to translate freely through such regions.  It would be required to remain in that region of large magnetic shielding heterogeneity for a time at least as long as its T2.  Of course, it could also be bound to one or more proteins or other macromolecules.  It is also possible that highly orientationally ordered water molecules bound to large complexes exhibit spectra that are so broadened that they are invisible, and don’t contribute to the NMR observed data. 


(4) The short polypeptides that exhibit no secondary structure, which you noted, would almost certainly reside in a bulk water phase, and due to the relatively rapid rotation of such small “proteins” they would certainly make visible contributions to the NMR spectrum, and would cause the apparent self-diffusion coefficient of water to be decreased substantially below what is observed in pure bulk water.  Since that was not observed, that is a strong argument against your hypothesis.


(5) One of the few examples of a Pake doublet splitting due to uniformly well-oriented water molecules at the interface between interstitial water (in an extremely tightly packed centrifuged precipitate) and a hydrophilic silica surface is given in the paper by Totland and Nerdal below.  I caution you that there is a nearly three-fold error in their estimated range of the ordered water, about which I have written to Dr. Nerdal, whom I know personally.  After correcting that error, that range is ~22 water layers.  For various reasons, that is an upper bound, and the actual value could be much lower, especially if the most ordered inner layers are so broadened that they don’t contribute to the visible NMR spectrum.  This possibility could be tested by deuterium NMR studies of cells grown in D2O.  If there are large ice bergs somewhere, they would be manifested as powder spectra in the D2O spectrum.
       

(6) I don’t have the articles you mentioned at my fingertips, but I have attached the article by Totland and Nerdal.  I would suggest that you look for articles that compare NMR studies of water in the presence of both alkali ions and alkaline earth ions, so you can see the difference (between bound and not bound).  Strong interaction in the case of the alkali ions means strong orientation of waters near to such ions, but the ions dissociate, move away, and are replaced by other water molecules so quickly that they simply don’t “travel” with the ions, and the effect of any given ion on the water spectrum is rather small (at low to moderate salt concentrations).

I hope these remarks may be of some help.  Cheers!  Mickey

===========================


Schurr’s 2nd reply. August 25, 2016

Hi Vladimir,
     I just came across this paper in which you might be interested.  This one examines the dynamic viscosity of water confined between an atomically flat hydrophilic surface and a flattened fused quartz AFM tip.  The method used is the periodic tapping mode.  It concludes that, in regard to this dynamic viscosity, the near surface water becomes indistinguishable from bulk water by about 6 water layers.  This is a considerably cleaner experiment than the NMR study of Totland and Nerdal that I sent you earlier.  It cites a terahertz spectroscopy study of biological surfaces that produces a similar result.  I haven’t read that one yet, but you may wish to obtain the reference from the attached paper and examine that right away.
     Cheers!  Mickey
[bookmark: _GoBack]Attached file:  AFM studied of viscosity of confined water.webarchive 
===========================
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TABLE 14. THE DISTRIBUTION OF GALACTOSE AND SUCROSE BETWEEN THE COACERVATE AND
MEDIUM. TEMPERATURE 40-41°, THE MEAN VALUE OF 4-10 EXPERIMENTS IS GIVEN

Composition of the coacervate |Composition of the medium liquid
e A c
Dry Sugar (g per Dry Sugar (gper | Q= —=
V\(’Da/tir residue | 100ml water V}’;t;r residue | 100ml water Cs
? %) Co) SR (%) C.)
Galactose
1 84-6 154 0-25 99-2 0-8 019 1-32
2 84-5 15-5 0-38 91-1 09 034 1-12
3 84-1 159 0-66 98-7 13 0-74 0-87
4 839 161 1-12 98-1 19 1-47 076
5 823 177 2:02 96-5 35 2-93 0-69
Sucrose
1 851 14-9 026 99-1 0-9 0-21 1-24
2 84-9 151 0-57 98-7 13 0-58 0-98
3 84-3 157 0-87 98-3 17 1-14 077
4 84-0 16:0 1-42 98-1 19 2:02 070
5 837 163 2-08 96-3 3-07 307 067
6 83-8 162 3-76 94-1 59 475 079
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TABLE 22. THE DISTRIBUTION OF SUGARS BETWEEN FROG MUSCLES AND MEDIUM

(Concentrations of sugars in per cent)

Sugar concentration

Name of in the

sugar medium | per total

C, tissue

water

Arabinose 0-13 0-15

0-32, 0-24

068 | 036

1-40 0-76

2:63 139

Galactose 0-025 0-021
0-050 0-032

0-56 0-29

1-28 0-57

2-15 0-87

Sucrose 0-067 0-036

0-75 0-29

1-72 0-60

2-38 0-78

in the muscles

per intra-
cellular
water
Ce

0-17
025
0-32
0-67
122

0022
0-028
026
0-50
077

0-035
024
0-53
0-69

I

DN

131
078
0-47
047
0-46

0-88
0-56
0-46
0-39
0-36

0-52
0-32
031
028

Sugar con-
centration
in muscle
fibres, calcu-
lated from
the formula
IC,=CK +A

0-15
0-23
0-38
0-69
1-22

0-028
0-036
0-20
0-43
0-71

0-029
0-23
0-51
0-70

Difference
between the
experimental

(col.4) and
theoreretical
(col.6) con-
centrations

+ 0-02
+0-02
—0-06
—0-02
=+ 0-00

— 0-006
— 0-008
— 006
+0-07
+ 0-06

-+ 0-006
+0-01
—+ 0-02
—0-01




