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Abstract

        Scientists struggling to describe living matter in terms of known fundamental laws of Physics meet a number of conundrums. The main conundrum is due to a high degree of determinism manifested by a living matter. Indeed, one of the peculiarities of biological chemistry is that in a living organism, as opposed to a regular chemical system, the molecules are built under control of enzymes. This process does not exhibit any molecular chaos! On the contrary, the biomolecules act as the well-tuned mechanisms, which disagree with a concept of a molecule as a quantum system that is governed by probabilistic laws of Quantum Physics. It is natural to conclude that there are some unknown forces, which control the behavior of biomolecules. These unknown forces must act in the entire volume of a living organism or a virus and at any direction, and define the tremendous coherence and a high degree of determinism of biomolecules behavior. In that case, one may talk about the existence of а new physical field and/or structures in the physical vacuum.  This work proposes that any living system and pre-life molecular organization have their “continuations” in the physical vacuum, which are structures composed of elements of nonmolecular nature. These structures hold information necessary to control bioprocesses.
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1. A living system from the physics standpoint

       Scientists struggling to describe living matter in terms of known fundamental laws of Physics meet a number of conundrums. The main conundrum is due to a high degree of determinism manifested by a living matter. E. Schrödinger, one of the founders of Quantum Mechanics, was the first who wrote about that:

       “A single group of atoms existing only in one copy produces orderly events, marvelously tuned in with each other and with the environment according to most subtle laws... we are here obviously faced with events whose regular and lawful unfolding is guided by a ‘mechanism’ entirely different from the ‘probability mechanism’ of physics” [1].

        Let us consider, for example, the chemistry of a living substance. A peculiarity of the living substance chemistry is that in a living organism, as opposite to a regular chemical environment, molecules mostly interact under control of enzymes rather than via random collisions. An enzyme is a complex protein (or a chain of conjugated proteins) particularly folded in 3 dimensions. Any enzyme includes a segment (called an active center) where the chemical reaction controlled by these enzymes occurs. An active center can only accommodate predetermined molecules of a particular shape. This process does not exhibit any molecular chaos! On the contrary a biomolecule acts as the well-tuned mechanisms, which disagree with a concept of a molecule as a quantum system that is governed by probabilistic laws of Quantum Physics. 

       Not only behavior of biomolecules in living matter but also behavior of pre-life molecular organizations and viruses disagree with probabilistic laws of physics. The modern semi-empirical models which are used to describe the behavior of biomolecules of living systems, and pre-life molecular organizations and viruses obscure the fact that Quantum Physics does not provide an adequate description of behavior of biomolecules. Below we will substantiate this statement by using a small virus: bacteriophage as an example.  

       Viruses are microscopic particles that can infect the cells of a biological organism. Bacteriophаges are viruses that infect bacteria. The bacteriophаge T2 is one of them. It has a particular victim -- bacterium Escherichia Coli. Note, that viruses are generally not considered to be true living organisms because they do not use any external energy (food, radiation), do not have a program of death (life span if isolated from destructive factors), and cannot reproduce without getting inside some living cell. The phаge is hundred times smaller in size than the microbe cell and looks like a tadpole. A “head” (a protective protein shell) contains DNA (some types of bacteriophages contain RNA only). A“tail” is a protein tube (Fig.1).  

         By six legs (tail fibers), the phage attaches to the surface of the much larger bacterium, Escherichia Coli. Once attached, the bacteriophage injects DNA into the bacterium. The DNA instructs the bacterium to produce masses of new viruses.
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Fig.1 .Bacteriophage T2

         The following is an approximate list of the bacteriophage's functions.

 а) Detecting (done at a range of several phage own lengths) and turning the tail towards the bacterium; 

 b) Attaching to the surface of the bacteria and penetrating it with the tail; 

 c) Injecting genetic material into the bacterium. (It is accompanied by the contraction of phage’s “head”, the simultaneous cooperative shift of its protein subunits with respect to each other occur, which makes the tail become shorter and thicker)

       From the physics standpoint, the “intelligent” behavior of the dumb bacteriophage must be caused by some physical phenomenon of interaction. Thus, some researchers suggest that:   

а) detecting and turning towards the bacterium is done only due electrostatic forces,

b) attaching to the surface of a bacterium occurs due to Van der Waals forces, 

c) injecting of genetic material, partially occur due to the pressure difference  (DNA is packed tightly inside the protein shell of a phage; as a result of that DNA has elastic energy and exert pressure on the walls of the protein shell).  Interaction of DNA and protein, that is explained to be due to the formation of special correlations of electric charges, also plays an important role in the process [2].

       Let us first analyze the statement (a) that “detecting and turning towards the bacterium is done by electrostatic forces”.  This is not very convincing because the abilities of electrostatic forces are limited (there are only two sighs of a charge + and –), at the same time the variety of phages in the microscopic world is enormous and every phage parasites on its own type of bacteria.

      The explanation (c) of the DNA and protein interaction during injection of genetic material by means of subtle correlations of electric charges disagrees with fundamental laws of physics. Indeed, if assume that the interactions between biomolecules is due to the complex special correlations of electric charges, then how to explain the stability observed in the functioning of a bacteriophage at the temperature around 300K? The heat fluctuations should have caused disorder in the complex mechanism.

       On the other hand, according to the probabilistic approach of Quantum Physics the energy of a biomolecule does not have a certain value at any given moment of time due to the Heisenberg Uncertainty Principle [3]. That is, it is possible to tell if any change in the form (or a chemical reaction of а biomolecule) is to occur with a certain probability only. During the injection of genetic material the multiple synchronized changes of the form of a biomalecule take place.   The probability of a complex event (in our case the injection of genetic material) is equal to the product of probabilities of elementary events (in our case every change of the biomalecule’s form). Since the latter probabilities are generally less than one, the probability of the complex event is very small. However the scenario suggested to us by Quantum Physics is totally inconsistent with what we observe in real life: the same processes repeat many times over from generation to generation (and this is a manifestation of determinism: two similar molecular systems evolve the same way). As it was mentioned before, the viruses are generally not considered to be true living organisms. When dealing with living substance the discrepancy between theory and real life become especially evident: in the living substance, the molecular systems are in the state of continuous irreversible interaction, therefore, the probability that the same process would repeat itself according to Quantum Physics must be infinitely small. 

       It is reasonable to suggest that there are unknown forces which control the behavior of biomolecules. These unknown forces must act in the entire volume of a living organism or a virus and at any direction and define the tremendous coherence and a high degree of determinism of biomolecules behavior. Therefore, one may talk about the existence of а new physical field and/or structures in the physical vacuum. These structures are composed of elements of nonmolecular nature, and must hold information and energy necessary to control bioprocesses that are different from those observable in regular solutions [4,5]. The assumption that structures may exist in the physical vacuum agrees with the ideas of Macovschi who postulated the existence of the “cellular biostructure” [6].

Remarks. There are certain counter-arguments that may arise with respect to the above. Let us discuss them.

      The counter–argument one: True, that according to Quantum Mechanics the probability of a complete replica of a given event is zero. However, there are no complete replicas in nature: every organism differs in something from another. 

      Answer: From the author's point of view these differences can only be accounted for by environment variations. On the contrary, living systems that perform complex programmed actions demonstrate surprising stability of their development: the same processes repeat many times over from generation to generation. The new deterministic models of the microscopic world are needed to describe such processes.

      The counter-argument two: The changing electric field is observed on the cell boundary, which could control biochemical process inside the cell.

      Answer: When chemical processes are described using equation of Quantum Physics the external electric potentials are introduced into the equations as additional terms. The presence of the additional electric potentials would affect the value of probability, but would not abolish the probabilistic description itself. Introduction of additional electric or any other known fields into the equations of quantum physics would not provide the deterministic description of the molecule behavior.

2. The Schrödinger equation and Structures in physical vacuum

      As it is known Quantum Physics explains a number of experiments adequately. However, it does not provide an adequate description of behavior of biomolecules of living systems and pre-life molecular organizations and viruses. The question arises: either the living world cannot be understood by the traditional scientific methods at all or one can do it by introduction of a new additional forces and fields? An indirect argument in favor of the latter is the fact that the question on whether or not Quantum Physics always provides an adequate description of reality arises even for non-living matter.

      Schrödinger equation is the main postulate of Quantum Mechanics. Therefore, if we are to introduce any previously unknown forces to physics of the microscopic world we should preserve the Schrödinger equation – possibly interpreting it differently though. Usually, one can derive a postulate in the case if one finds a way to “extend the model”, that is to bring new concepts into science, to look at the problem taking into account deeper processes in nature. The author of this article believes that to specify а new physical field or any structures we must specify the properties of the physical vacuum. 

       Physical vacuum – what is that? The size of a hydrogen atom is about 10,000 times greater then the size of its nucleus - a proton. But what fills the atom? What fills the space between elementary particles we all are made of and the space between distant stars?  According to the Quantum Field Theory this space is occupied by fields. In the absence of particles the corresponding fields stay in their lowest energy states: the vacuum. Consequently, physical vacuum is what is left when there are no particles in the space. A physical field is a special kind of matter. Physical vacuum is a special kind of matter too. But what is the nature of this kind of matter is not yet understood.  The author of this article adopts a model of the physical vacuum as a superfluid, which consists of pairs of fermions with zero total spin of the pair in undisturbed state (like He-3) [7]. 

       It is shown in [4, 8] that the Schrödinger equation can be derived from the deterministic laws of mechanics. In this case the Schrödinger equation is a necessary condition of a stable motion of a material system. With this approach, the remaining question is: what forces do stabilize the motion on the stable orbits? The author suggests that the structures emerging in the physical vacuum during motion of electrons about the nucleus in an atom or during the motion of elementary particles that form a quantum system (for example biomalecule) can cause such forces [8]. If vacuum is like a superfluid the various structures can easily form in it. Interaction between the structures may occur by means of spin currents, originated in the superfluid physical vacuum.  

      Developing these ideas a following hypothesis can be offered: any organism has its continuation in the physical vacuum, which is a controlling structure composed of elements of nonmolecular nature. No doubt that the structures created in vacuum by non-living quantum object differ from biostructures. If the latter structures control behavior of biomolecules, the first ones can be considered as “attendant” with respect to the quantum object. 

Remark. From the point of view of the modern physics, any physical field is a type of matter, not a process. At the same time a structure – is not matter (by the structure of a system composed of separate elements of arbitrary nature it is meant the type of organization of the elements and the character of interaction between them. For example, a wave is a structure in liquid). In order for the structures to appear in a medium there should exist processes to control the coherent behavior of distant particles. If the physical vacuum is considered to be a dynamic medium, then the biofield [4] can be interpreted as both: (1) biostructures composed of elements of nonmolecular nature along with unknown processes that determines behavior of biomolecules in a  living organism and (2) the particles of the physical vacuum which participate in that process.   

      Since the structures are undisturbed states of the physical vacuum, the observation of the biomolecule behavior creates an impression of some missing information. Here is an example that clarifies this thought. Consider water with floating filings. If we create a vortex in the water, the filings become twisted in a vortex motion. The observer, who does not see water but wishes to describe the motion of the filing vortex, would feel all the time the lack information. In order to fulfill the task the observer must chose one of the following approaches: either to realize that water is present, or introduce a new term - information in the equations of motion of the fillings.  

       So, if we go beyond the molecular level in our study and know more about the properties of the physical vacuum, we will probably get closer to the answer of what is life?
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