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To my students




Introduction


Ilya Prigogine won, in 1979, the Nobel Prize for his studies on the distant systems of the thermodynamic equilibrium.


When I arrived at the Magistri Cumacini of Como, in 1982, the echo of his theory on the origin of life had not yet died out. With my students we discussed the instability of Benard, dissipated structures and oscillating reactions. As the students were interested, we decided to order the reagents for this type of reactions.


Only after about twenty years did I execute the oscillating reactions.


Some observations on the interfacial tensions and the electric phenomena, which are linked to them, took me very far away from the ideas of Prigogine.


The appendix 1 of this book is about the result of these observations, presented by three students of Magistri Cumacini at the international Philips concourse. From this endeavour, from these simple observations, the research contained in this book had its origin.


In 1984, I started the construction of the instrument for the measurement of the flux potential. My end was to verify if double electric strata of argil, sand, and glass in contact with solutions would have accumulated in their interior the amino acids.


Such an event could have been a strong indication on where life would have had its origin.


The construction of the instrument, its application and finding the physical-chemical conditions of the experiments, took much more time than I had predicted.


The experiments with argil and sand did not give convincing results, and with a glass diaphragm no useful results were obtained. I stopped experimenting until I had the idea, after about two years, to use quartz diaphragms.


In the summer of 2001, I read in Le Scienze an article on “L’acqua nel sistema solare” by Thérèse Encrenaz. Thus, I learned that water molecules are not all identical… one never stops learning. From that day on, I never abandoned the idea that the problem of molecular asymmetry of living organisms is a determinist problem and is linked with the inorganic world.


Thus began the preface to the 1st Edition.


From 1984 to 2009, I was mainly concentrated in experimental research. So in the 2010 edition some important problems, in particular the origin of the genetic code, of the proto-organism, of the descendants and of the mind, I had left them in track. In the ten years since publication, the only significant research regarding the origin of life has been the formation of the nucleic acid constituents in the presence of clay published by two Italian researchers. During this long period, I had the opportunity to reflect and read a lot. In particular, I expected to find robust hypotheses in the scientific literature with reference to the above problems. I was surprised to find that although much had been written, in the end it was still valid as Niels Eldredge's report: "I agree with George Williams when he says that scientific problems are not solved as much as they are quietly abandoned in favour of some new set of questions that come to absorb the interest of a discipline”.


At the molecular level, life uses the same molecules in quantity and quality, and of the same symmetry both for proteins and for the genome. This led scientists to conclude that all extinct and living organisms on our planet are descended from a single ancestral living organism: the universal progenitor. This would also explain an indisputable truth: life is unitary.


But life is not unitary only at the molecular level, life is unitary in all its manifestations. All living organisms are in possession of metabolism, they evolve and all, from higher organisms to microorganisms, have two fundamental characteristics: the instinct of survival and the mind. So I ventured to give an answer to the problems listed above. Overall, an organic picture of the origin of life from simple molecules to the cell through the laws of nature emerged.


In this edition, I have tried to make the topics, in particular those of physical chemistry, as simple as possible by eliminating almost all mathematical equations and enriching the topics with examples of everyday life. Many images have been inserted to help the reader in understanding the processes and also some formulas of chemical compounds but only to make the reader understand how complex some molecules are, in particular the constituents of nucleic acids. The different chapters contain repetitions also of images and this in order to render every chapter partially independent from the others, so as to enable the reader to discover the global unity.


To conclude I must thank many colleagues and laboratory technicians for their great critical and practical contribution.


A particular thanks goes once again to the director of Magistri Cumacini Eng. Enrico Tedoldi, who put at my disposition the place where I carried out my experiments and who always demonstrated interest and faith in my work.


I confirm the dedication of the first Edition "to my students" with whom I spent part of my best time.




Chapter 1
What is life?


Before addressing the topic, perhaps it is worth doing a brief introduction.


The definition of the concept of life and living beings is of course a very difficult task whereby inaccuracies and misunderstandings are round the corner. At times, wanting to be accurate and rigorous ends up running the risk of being dogmatic and fall into paradoxical conclusions, such as those that lead to doubt the status of a Mule as a living being just because it is sterile and cannot reproduce.


The following are, therefore, considerations that have a predominantly terminological end (which is to avoid discussions, due to the use of similar terms, and giving them different meanings) and methodological (to circumscribe the analysis of the subject, strictly in a scientific-experimental manner).


If you look at a barking dog and a stone, immediately you recognize which one is alive and which inanimate. However, giving a conclusive and scientific definition that distinguishes the living from the inanimate world that is, how to define life through macroscopic observations and common sense, which is a difficult task. In the early seventies of the last century, they began to make a list of characteristics of the living beings. So a living organism was considered a system able to feed, grow, reproduce and react to stimuli. The issue is that these functions are found even in the inanimate world. The granules of a crystal “feeds" off the particles in solution and grows, can break and reproduce another crystal. Also different mechanical systems that react to a thermal or electric stimuli are known. It was then thought to place a condition, to define a living being that was the simultaneous presence of all the characteristics listed above. But, if your dog is then seriously ill and no longer able to feed on its own? And hybrids like the mule that do not reproduce?


The matter was then moved to populations and in fact, Maynard Smith in "La teoria dell’evoluzione" in 1975, wrote: «A so arbitrary list serves us little. Fortunately, Darwin’s natural selection theory gives us, however, a satisfactory definition. We consider living beings a population formed by entities that have the multiplication property, inheritance and variability». The problem of hybrids that do not reproduce still remains.


In the early 80's, Alessandro Minelli in "Gli albori della vita" Le Scienze 1984, writes, it is preferable to leave aside the temptation to define the phenomenon of "life." Towards the end of the same decade Manfred Eigen, in "Gradini verso la vita" 1987, devotes the first chapter to this subject and finally concludes: «The question: "What is life?" has many possible answers, none of which is satisfactory [...]. Too large is the mass of complex phenomena, too diverse are the characteristics and the behaviours of the living beings, for a general definition to make sense».


In 2000, in "Da dove viene la vita", Paul Davies tried to give a clear idea of what life is, and once more proposes a list. He lists ten essential characteristics for defining a living being and concludes: «I can summarize this list of quality by saying that, in a broader sense, life seems to involve two crucial factors: metabolism and reproduction». And hybrids?


Iris Fly returns the futility of any attempt to "define" life. The author, in the "Origini della vita sulla terra" 2002, after attempts to define life by scientists, concludes: «Whoever at least tried to produce a definition of life has had the frustrating experience of realizing that either the list of its properties is too large and applies to non-living systems, or it is too narrowed down and it excludes some living beings. A functional definition that focuses on nutrition, metabolism and excretion may also apply to a car, but not to a dormant seed».


Ernst Mayr, referring to the quest for life in space, in "L’unicità della biologia" 2004, returns to the need to give a definition of "life" and writes: «Personally I accept a broad definition: life must be able to replicate itself and use the energy obtained from the sun or some available molecules, such as the sulfuric compounds present in ocean fumaroles».


The problem of seeds and hybrids remains.


Also Pier Luigi Luisi in "Sull’origine della vita e della biodiversità" 2013, considers it useful to isolate and define a common denominator that unites all living beings. The author, as he himself writes, uses a semi-serious metaphor. He imagines a little green man, coming from a very far stellar system with a list of terrestrial things containing living and non-living things. The little green man meets a farmer who he asks to separate the living from the non-living on the list. After a series of objections and clarifications, they finally reach an understanding and the little green man concludes: «A system is defined by you as alive if it is capable of transforming external nutrition into an internal process of self-maintenance and production of its components». Pier Luigi Luisi highlights how a definition of living being was achieved without disturbing molecular biology. The definition does not, however, contemplate reproduction, because there is the mule that does not reproduce in the list that the little green man shows to the farmer. It is a shame that in the list presented by the little green man, just to a farmer, there were not any seeds.


Perhaps the farmer would have seen the seed as a plant and therefore life. But then life would be what you perceive as life, a feeling. So, if the seed is a living being for a farmer, perhaps it is not for those who live in the city. Moreover, we still have to define the sick dog.


In conclusion, list or no list, from a scientific point of view there is no clear and shared definition of what life is. So for some, the seed is life while for others it is not, and the same applies for a sick dog that cannot feed nor auto-sustain itself. Some definitions finally lead to the absurd conclusion of considering the mule non-living.


(https://it.answers.yahoo.com/question/index?qid=20100427124519AAZJMyS)


Why can’t one define what is life?


I think these attempts to define life all contain a fundamental error: every time that metabolism, reproduction and evolution appear on a list, they are always projected towards the future, but natural selection does not know the future. There is no meaning for a definition of life that looks to the future if the future is not known. So, we will use a metaphor too and see, without any pretence, if common sense we can suggest a definition of life.


In a warm summer evening, a couple sit on the veranda lit by a weak light. The wife says to her husband: “I haven’t seen the cat for some time, it always comes to ask me something every day”. Her husband confirmed: “It is true, I have not seen it for at least three or four days, do you think it is dead?” “I do not know - his wife answered - it certainly wasn’t young. And then, it has always been an imprudent stray, constantly around the neighbourhood, the streets around here, day and night, and you know how these streets are busy nowadays”. The couple stayed silent for a long time, but each one asked himself: what is the state of the cat, is it alive or dead? After a while, from the darkness appears the cat that, with swirling footsteps, crosses the veranda and vanishes again in the dark. The couple watched each other with satisfaction, the cat is alive.


How did they determine the state of the cat? Through observation. So in order to decide what is life requires an observer. But the observer is a subjective an aleatory element, that is why there is no agreement on the seeds, the sick dog and the hybrids. To define living beings, we are therefore forced to provide the observer with more elements.


So, let us continue with our metaphor.


As we have described, the cat crosses the veranda and returns into the darkness beyond the hedges.


The wife tells her husband, “Why did it go away, if it were hungry I could have given it something to eat”. “It is its instinct” - replied her husband - to survive, it must hunt for food”. But feeding means knowing how to use nutrition, i.e. transforming it into energy and useful components to the body, ultimately the possession of a metabolic system. But we do not know if the cat will find nourishment, it may not find it and die. We know, however, that the cat has the ability to feed and metabolize, whether or not it is related to the future, but nobody knows the future. Since there is no sense for a metabolism without nourishment, the term metabolism also means the ability to feed.


Metabolism must necessarily fall under the definition of living beings.


Now, we know that millions of years ago, the cats’ ancestors crossed those places and they had to reproduce to attain our days. But we do not know if our cat will have the possibility or the ability to reproduce. However, we know with certainty that he is a product of reproduction and that certainty must help define a living being.


Reproduction contains a copy of the parents’ genome. The parents’ genome had to replicate right before reproduction. There is no point in talking about reproduction without the genome replication. The reproduction term must therefore contain the replication.


Natural selection has affected reproduction and allowed the cat’s ancestors to evolve. But natural selection does not know the future nor do we know if the cat will evolve. However, we know with certainty that living beings are the product of the evolution of their ancestors, that certainty must help define a living being.


So, life is a state of matter. Since there are only two states, life and death, life is life until it turns into the state of death, that is, until you recognize the "new" state, the state of inanimate matter. The state of matter we call "life" is based on three fundamental properties: it must possess a metabolic system and be a product of reproduction and a product of evolution.


Matter that does not simultaneously present these three fundamental properties is inert matter.


No one in a car or in a crystal recognizes a metabolic system and the product of reproduction and evolution. The salt crystals formed on the rocks after the evaporation of water are identical to those that formed billions of years ago, no difference, and no evolution.


The sick dog is temporarily debilitated but has a metabolic system. It is a product of reproduction and evolution. The sick dog is a living being.


The mule survives with the help of a metabolism. It is irrelevant whether it reproduces or not, but it is a product of the reproduction and evolution of its ancestors, the mare and the donkey. The mule is a living being.


What about the seeds to which we can also add spores? Like predators that hide between herbs and bushes waiting for the right moment to attack their prey and survive, seeds and spores stay protected within their shells and wait patiently for their time, surviving. Seeds and spores have a metabolic system and are produced by the reproduction and evolution of plants, fungi and bacteria. Seeds and spores are living beings.


Summing it up: Life is a state of matter that is based on three fundamental properties: it must possess a metabolic system and be a product of reproduction and evolution.


The definition of life cannot be a perception of the observer, but part of Darwin's natural selection theory.


The bacterial cell has a metabolic system, it is a product of reproduction and evolution, it is the smallest living entity, the first stage of life.


But there are organisms that are smaller than the bacteria: the Virus. The debate is often open if the viruses are to be considered living or non-living organisms.


Luis P. Villareal, a virological expert in “I Virus sono vivi?” Science 2005 compares viruses to seeds in which the potential of life can shed.


Dorothy Crawford, a microbiologist among the top experts in viruses, has an opposite view and in her essay, “Il nemico invisibile. Storia naturale dei virus”2002, writes: «Unlike bacteria, Viruses cannot do anything on their own. They are not cells but particles, and they do not have a source of energy or any of the cellular equipment needed to produce proteins. Each of them is simply composed of genetic material surrounded by a protective cap shell called “capsid”. [...] But in order to use it, they must penetrate into a living cell and take control of it. [...] As soon as a virus can enter a cell, it reads the genetic code of the virus who orders “replicate me” and the cell gets to work.


In this way, viruses invade living beings, highjack cells, and transform them into factories for the production of viruses». Furthermore, as Crawford tells us again, out of the host cell the Virus cannot survive for long because they do not have a metabolic system of a cell and therefore are not able to feed.


The definition of life outlined above definitively closes this debate. Viruses are not living organisms because they do not present one of the life-defining factors: metabolism.


But if the Viruses are not living but particles, are they like stones?


As the Norman Pirie virologist wrote in 1934, they are systems that are neither clearly living nor clearly inanimate. If the term Virus is unsatisfactory, it is necessary to define another term.


We have given a macroscopic definition of life and identified the smallest vital entity in the bacterial cell, but within the cell at the molecular level, what is life? Is there an "Elan vital" inside the cell, a vital spirit?


No scientist has ever claimed to be able to answer this question. In addition, life cannot be identified with one or a group of molecules. Life is "emergency". The term emergency must be understood in the meaning given by Ernst Mayr (cited work): «The appearance of unexpected features in complex systems». «It does not contain any metaphysical implications». «Complex systems often present properties that aren’t evident (nor can be predicted) even by knowing the individual components of these systems». So life emerges from complex systems, but at the level of simple systems, the inanimate world has similar behaviours to the living beings.


Myosin is one of the proteins involved in transporting materials into the cell. Observing the myosin moving along the actin filaments inside the cell, it looks like a small two-legged creature. If myosin is brought out of the cell it becomes motionless, but if fuel is supplied it starts moving. Myosin is not alive and has no purpose, it is a molecular machine, and it only performs functions, like catalase which decomposes hydrogen peroxide and like thousands of other proteins.


Pier Luigi Luisi in his essay (quoted work) highlighted how vesicle derived from fatty acids can reproduce with mechanisms typical of living organisms.


As we will see when we will deal with the synthesis of polypeptides, drops of different compounds located next to each other seem to us to have familiar behaviours. Water seems to run away in the presence of ethyl alcohol, the sulfuric acid surrounded by drops of water seems to be looking for an escape route. These phenomena have been denominated “non-living chemiotassis" (appendix 1). The term chemiotassis indicates the response of bacteria in the presence of nutrients or repellents.


But as early as the middle of the last century Oparin had pointed out that too many copolymers of polymers (coacervates) tended to divide. Even Sydney Fox has produced coacervates thermal proteins and observed that these divided when too big similar to the bacteria. Fox’s protein coacervates had weak enzymatic capabilities as well.


There are some analogies that call for vital processes in molecules and aggregates, but all these facts have a scientific explanation. Therefore the conclusion of Richard E. Dickerson, expressed in “L’evoluzione chimica e l’origine della vita” Le Scienze 1976, is always valid: «The experiments of Oparin and Fox are just analogies of vital processes but are evocative. They demonstrate like the extension of vital behaviours are rooted in physical chemistry and illustrate the concept of chemical selection for survival».


Concluding, there is no "Élan Vital", the behaviour of vital processes are rooted in physical chemistry.




Chapter 2.
Introduction to the origin of life and the natural laws


2.1 The constituents of a primitive cytoplasm


But not only vital behaviours are rooted in physical chemistry, the very origin of life must have been a chemical-physical process.


All cells are made of a cellular membrane, or plasma membrane, which separates and protects the cell from the external environment. Inside the cell there is a fluid, cytoplasm, which contains the genetic material, various organelles, enzymes, and small molecules. And it is within the cytoplasm that the homeostasis or regulator circuit develops, as Freeman J. Dyson writes in "Origini della vita" 2002: «Homeostasis is that set of chemical controls and feedback loops that allows each molecular species within the cell, to be produced in the correct proportion: not too much nor too little. Without homeostasis there can’t be orderly metabolism, nor an almost stationary equilibrium, in short, nothing that deserves to be called life». Then, a homeostasis, inside a cytoplasm even if primitive, had to exist already when life began. Therefore, in order to understand the origin of life, we must:


Know, first of all, in their general lines, which chemical-physical laws allowed the appearance of life and then go in search of the origin of the components of this elemental cytoplasm, which gave rise to a proto-organism from which the cell emerged. How elementary the primitive cytoplasm must have been is always a matter of debate. Certainly, they could not miss:


1) Small organic molecules, especially the constituents of nucleic acids and proteins.


2) Proteins.


3) Nucleic acids, RNA and DNA


4) A closed environment that protects the cytoplasm.


And then specify the following steps:


5) The proto-organism, definition and origin.


6) From the proto-organism to the cell: origin of offspring and origin of the mind.


During this process, as we will see later, we have to solve some problems considered, by many researchers, insurmountable.


Furthermore, as we have already explained elsewhere, in the prebiotic era on our planet thousands and thousands of organic substances originated. Many of these substances were of no use, some were even harmful for the origin of life. Then, as we will see from the next article, an “organizing principles” or constraints must have existed which selected the right substances for life; to use a metaphorical expression, something must have directed the traffic.


A theory on the origin of the genetic code, that is the law of correspondence between nucleic acids and amino acids for the synthesis of proteins, will also be presented. A chapter will be dedicated to the choice of the amino acids that make up our proteins.


2.2 The laws of nature


The laws, which allow the formation of a primitive cytoplasm, belong to thermodynamics and Chemical Kinetics.


While the 1st law of thermodynamics tells us that energy it is neither created nor destroyed but can be transformed, is the second principle that seems to set limits to the origin of life.


Thermodynamics distinguishes if a process takes place in an isolated system, closed or open and the resolution of specific problems involving these processes gives physical-chemistry students quite a hard time. However, with appropriate approximations to make them more accessible to non-experts, these laws are easy to understand because all the phenomena that we will observe, in a more or less obvious way, must follow these laws. Understanding these laws will help us understand to which the extent the origin of life can be explained in terms of the physical sciences.


Imagine a stone on a hill. If you push the stone, it rolls down to the valley and its energy, through friction, is transformed into heat that is dispersed into the surrounding environment. A stone has never been seen spontaneously recovering heat from the environment and roll up the hill.


We can imagine a moving electric train, which is a power failure. The train slowly stops and, through the friction between wheels and rails and the friction with the air, its “motion” energy is transformed into heat which dissipates into the surrounding environment. An electric train with a power shortage has never been seen running spontaneously without stopping.


Finally, imagine a container with water boiling on a burner. If you turn off the heat, the hot water slowly cools to room temperature and the heat is dissipated into the surrounding environment. You will never see the water naturally heat up and reach boiling point on its own.


These examples illustrate the second law of thermodynamics and can be expressed in many ways. Since this principle was discovered in the mid-nineteenth century by studying the thermal machines, it statements is: the heat cannot pass spontaneously from a cold body to a warm body. It seems obvious as statement but its implications are of utmost importance and apply to all physical processes, for life and to the entire universe.


Meanwhile, as it is clear from the above examples, in spontaneous processes we go from a higher energy state to a lower energy state. The difference in energy is transformed into heat which dissipates into the surrounding environment in the form of chaotic movement of the particles and is no longer usable. Therefore, in nature there is a spontaneous tendency of energy to pass from a useful form, which is neat, to a form useless and disordered. This trend implies that in all spontaneous processes the level of disorder increases; spontaneous processes tend towards chaos.


[image: image]


The disorder, in physical chemistry, is called Entropy and is clearly related to the second law of thermodynamics. In fact, another way of stating the second law is: in spontaneous processes, entropy is always increasing. In short, the processes physically allowed are those processes that involve an increase in the disorder, an increase in entropy.


The universe, began with the Big Bang at billion of billion of billion degrees, in the phase of expansion it cools and, perhaps in 50 or 100 billion years, will reach the maximum entropy and thus the "Heat Death". Entropy is associated with the loss of structures. A house, for example, although well built, if abandoned by the time deteriorates until it completely loses its structure.


Since the spontaneous processes, over time, are progressing towards an increase in the disorder, entropy is often metaphorically called "The arrow of time." Time, really, flows in only one direction, towards the increase of the disorder and the loss of structures, towards the increase of entropy.


But then, if all goes towards an increase in entropy, as it is possible that living organisms have gone in the opposite direction, towards greater structural complexity?


2.3 Order from chaos


When we state that during a spontaneous process the entropy increases, we refer to the final result of the process and not what happens in every single point of the process itself. The stone, which fell from the hill, in the presence of a cataclysm, could end up back on the hill restoring the previous order, but at the end of the cataclysm, the disorder must be greater than the current order.


The universe is expanding and its entropy is increasing. This does not exclude that locally a star can form with an ordered solar system, but implies that at the same time somewhere in the galaxy disorder must increase so that in total we have an increase in entropy. During the evolutionary process, a living organism can mutate and its structure become more complex, its entropy diminishes. Whether the new organism will be more suitable for the environment, other organisms will no longer compete and become extinct. The increase of entropy due to the extinction exceeds by far the loss of entropy due to the new structure.


In conclusion, you can have order out of chaos.


Do these arguments, which apply to evolution, apply to the origin of life too? Can a local order within a chaotic process give rise to a primary cytoplasm and therefore to the life?


Ilya Prigogine “La nuova alleanza” 1981 was convinced that it was possible to explain the origin of life through a series of local orders in a chaotic process. He in the early seventies of the last century studied the chaotic systems, also called systems far from thermodynamic equilibrium. But soon it became clear that for the origin of life it would take thousands and thousands of local orders and all closely related. It is like imagining that during a cataclysm thousands of stones are placed on a hill and all one above the other to form a column of stones, which is impossible. The matter is that if within a chaotic system a local order is added to another and another and so on, it is highly the probable that the system collapses. Thus, after an initial enthusiasm that helped to give the Nobel Prize to Prigogine, the idea was abandoned.


The arguments summarized, and investigated by various scientists, find consensus and acclamation among scholars.


In summary:


The second law of thermodynamics is a fundamental law of nature, nothing can escape this law. It establishes that all spontaneous processes proceed towards disorder, to the loss of structures, to an increase in entropy.


Time passes and entropy increases, it is metaphorically called "the arrow of time."


In a spontaneous process, the origin of a local order and then a decrease in entropy is not excluded, but the total entropy must increase.


The local order helps us to understand the evolutionary process, but the second law of thermodynamics through the entropy seems to indicate the impossibility of the origin of a spontaneous structural complexity, i.e. the origin of a primitive cytoplasm and therefore the origin of life.


Yet life originated, how was it possible?


2.4 Chaos from order


If nothing can escape from the second law of thermodynamics, the origin of a primitive cytoplasm, which led to the origin of life, must have been a set of spontaneous processes that produced entropy: not order out of chaos, but chaos from order.


But how is chaos from order produced spontaneously?


Take a look how salt flats work. The seawater is contained in basins where it slowly evaporates and salt is deposited on the bottom. But the deposited salt is not an amorphous mass, meaning molecules of salt do not pile on one another in random order. Salt molecules contain electrical charges, and if the disposal is disordered, for example positive charges in the proximity of other positive charges, the energy content would be too high, which is unstable. The salt thus creates an ordered and rigorously geometrical structure, a perfect cubic structure, a crystalline structure where the positive charges are oriented towards the negative charges. The ordered crystalline structure is more stable, has a lower energy content than a disorder arrangement. The energy difference between the disordered and ordered structure is transferred to the surrounding environment increasing entropy.


The order generated chaos.


This is the process by which all the beautiful crystals that we find in nature are formed. So, to understand the origin of a primitive cytoplasm, we have to go looking for a set of spontaneous processes of this type where it is order that generates chaos.


2.4 The laws of nature and time


The second law of thermodynamics is a fundamental law of nature, it shows us the direction of an event but does not tell us anything about the time when this event will take place.


Thermodynamics states that the stone up the hill, if pushed, will go down the valley. But if the stone is not pushed entropy must wait. According to thermodynamics, gasoline must react in the presence of oxygen, to produce other products and release heat. But we don’t observe any combustion. An enzyme protein is, initially a linear chain of amino acids. Let us leave aside for the moment how it could form a linear chain of amino acids. According to thermodynamics, in the presence of water and at room temperature this protein is unstable, it should decompose, release the amino acids and increase the disorder, but that doesn't happen.


Ultimately, entropy, metaphorically called "the arrow of time", in fact does not contain time.


The time function, in chemical processes, is introduced by the Chemical Kinetics, that branch of chemistry that studies the speed of reactions. Indeed, the chemical kinetics tells us that the gasoline reacts with oxygen, but the speed with which this reaction occurs at room temperature is almost zero. And the same goes for the decomposition of protein. In order for a reaction to take place, it is necessary to break the chemical bonds of the reagents; that is, an energy barrier must be overcome. It can be briefly stated that: necessary and sufficient condition for a reaction to take place is that there is a collision and that the collision is effective.


This statement can be represented graphically by placing the energy E on the ordinate axis, and the reaction coordinate indicating the course of the reaction on the abscissa axis.


[image: image]


When the reactants collide the kinetic energy, i.e. the movement energy of the reactants, is transformed into potential energy. If the collision is not effective, i.e. fails to break the bonds of the reagents, the energy barrier cannot be overcome. The potential energy is transformed back into kinetic energy and the reactants return to their initial state. It is for this reason that the reaction between most organic substances (for example fuels) and oxygen, although thermodynamically possible, does not actually take place at room temperature.


If the collision is effective, the kinetic energy is transformed into Ep, an energy zone is reached (called the zone of the activated complex), where the bonds of the reactants are broken and the products of the reaction are formed.


We can therefore conclude that in order for a chemical process to take place it must first be thermodynamically possible and then kinetically possible.


For certain chemical reactions, the presence of certain substances, called catalysts, lowers the activation energy and the reaction can therefore also take place at room temperature. As soon as the catalysts are eliminated the reaction stops immediately.


Although in a more complex way this is ultimately the function of enzymes in living organisms: they operate as catalysts lowering the energy barrier.


In fact, if the reactions that occur in living organisms do not reach the activated complex, the reactants would remain in the initial energetic state; there would be no vital process.


If the reactions that occur in living organisms spontaneously reach the activated complex, overcoming the energy barrier, the reactions would take place in an uncontrolled way, all the energy would be released in a short time and the organisms condemned to die.


This energy barrier is in fact the energy door of life, and it is the enzymes that allow life to cross that energy bottleneck of thermodynamically possible but kinetically impossible processes.


Ultimately, it takes energy to move the rock and roll it down the hill. It takes energy to break bonds within molecules of gasoline, and it takes energy to break the bonds between the amino acids in the protein molecule. Chemical Kinetics tells us that this energy, at room temperature, is not available and therefore, despite the predictions of thermodynamics, the reactions do not occur.


And it is here, in this window of time, waiting for an event that should take place but never does, that a way for life opens.


Returning to the first example, if the stone is not pushed it does not roll down, but if it rains the land becomes muddy and the stone spontaneously sinks into the hill, increasing the entropy. The stone is now more stable and it takes more energy to push down the valley.


In order to break the bonds between amino acids, in the linear chain of proteins, it takes energy that is not available at room temperature.


[image: image]


So since the protein molecule has positive charges and negative charges, which establish new bonds among each other and create a helical structure which is more ordered. As Peter W. Atkins explains in "Il secondo principio" 1996, Chapter 8, «The α-helix is favoured over an irregular cluster of amino acids, as it corresponds to the situation of more chaos universe. The chain itself certainly has less chaos, because of the spiral arrangement of more ordered peptide bonds, but the universal chaos is greater because of the energy that is released at the time of the formation of strong hydrogen bonds”. The energy is released as heat, which increases the agitation of the water molecules and thus the overall disorder, which is the entropy.


The order generated chaos.


Subsequently the protein, due to the effect of certain interactions between different parts of the molecule, folds into a globular structure. Even this structure, which is more ordered, releases energy that is dispersed into the environment leading to an increase of entropy. The molecule is more stable and more energy is needed to break these new bonds to decompose it. As we will see in more detail below, a primitive cytoplasm must have originated through the interaction between the protein molecules within the second law of thermodynamics, whereby it is order that generates chaos, formation structures to produce entropy.


The laws of physics are universal, in space and time. The second law of thermodynamics must have appeared ever since the beginning of the universe, about 13 billion years ago. But the universe at the beginning was made up of only of hydrogen and small amounts of helium and lithium. It is from these elements, after a few billion years, all other elements were formed in the stars. According to Dimitar Sasselov in "Un’altra terra" 2012, it took at least 6 billion years for there to be enough of carbon, oxygen, silicon and iron sufficient to give birth to the rocky planets and the first carbon compounds. This means that the second law of thermodynamics has been operating for billions of years on inorganic chemistry producing entropy results of inert crystal aggregation. The crystals often make up beautiful and complex geometric structures or aggregates, which shine with the most various colours. The initial difficulty in understanding the origin of the crystals has prompted various popular beliefs to attribute magical powers to crystals and some scholars have even attributed souls to the stones. But, since the time of Steno in the mid-1600s and later Renato Haüy, scientists who started the study of crystals, no scholar of crystallography, mineralogy and geology has ever identified in crystals virtue magic or souls.


Inorganic matter is inert, inanimate.


When after six billion years after the origin of the universe, amino acids that give rise to proteins appear, the second principle follows the same scheme derives entropy by generating ordered structures. But proteins come with a surprise, there aren’t inert like crystals. Proteins have the ability to recognize molecules and perform functions and, while giving something to chaos, they work by building complex structures, living organisms, who oppose chaos.


The second law of thermodynamics has brought the devil into the house.




Chapter 3.
Origin of the constituents of nucleic acids and proteins


3.1 Do the nucleic acids and proteins constituents have extraterrestrial origin?


All living organisms are more or less complex structures but all cannot do without 2 fundamental macromolecules: nucleic acids or chromosomes consisting of a phosphate group and two organic compounds Ribose and Nucleobases, repositories of genetic information, and proteins, in particular the enzymes, that control the reactions that take place within all living organisms, whose constituents are amino acids.


The constituents of nucleic acids and proteins are the same, in quality and quantity, in all living organisms. This led scientists to conclude that all extinct and living organisms on our planet are descended from a single ancestral living organism: the universal progenitor. In English, it is called last universal common ancestor, (LUCA), the last universal common progenitor. This would also explain an indisputable truth: life is unitary. Nucleic acids and proteins are also interdependent in the sense that, nucleic acid (often identified as software) contains the program of how to synthesize proteins. But nucleic acid alone cannot synthesise and needs proteins (hardware) to be synthesized. That is why they are interdependent: one always needs the other.
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