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Praise for


Mind, Matter and Life


I am very glad to suggest the publication of this very unusual book that delves into the mind-matter problem with unparalleled creativity and originality. It bypasses the conventional discussions on the topic by exploring not only the intricate relationship between the human mind and the brain but also its profound implications for the entire phenomenon of life and our understanding of nature in materialistic terms.


The authors’ two cutting-edge “examples” (atmospheric electricity and pions interactions) challenge the prevailing neo-Darwinian approach to the origin of life, inviting readers to critically evaluate the claim that naturalistic explanations alone can account for the emergence and development of living organisms. By doing so, they critically surmise the possibility that our current understanding of life may be incomplete.


One of the most commendable aspects of this book is its resolute commitment to intellectual honesty. The authors fearlessly point out the dangers of scientistic materialism, highlighting how it has inadvertently assumed a quasi-religious status in contemporary discourse. By raising thought-provoking questions, they compel us to reassess our assumptions and open ourselves to alternative perspectives.


The book takes a bold stance that demands attention. It suggests that consciousness or mind could be the fundamental essence preceding matter, offering a compelling framework for scientific investigation. As such, the authors contribute to the advancement of our collective understanding of the mysteries surrounding the mind-matter relationship.




I am sure that this book will become a beacon of inspiration for those seeking intellectual stimulation and a broader perspective. It challenges the status quo, encourages critical thinking, and allures readers to embark on a captivating journey of exploration.


In conclusion, I wholeheartedly endorse this remarkable book. Its unconventional approach, insightful analysis, and thought-provoking arguments make it an invaluable resource for anyone interested in the mind-matter problem, the nature of life, and the broader implications of materialistic perspectives.


Giuseppe Trautteur, Professor Emeritus of Theoretical Physics at the Università degli Studi di Napoli Federico II & scientific consultant for Adelphi publishing house
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Introduction


The mind-matter problem, also known as the mind-body problem or the mind-brain problem, is typically considered to be an issue that concerns the relation between mind and brain in humans and, at most, in those other animals for which a certain neural activity is supposed to be related to subjective experience of mental contents, such as perceptions and thoughts. However, in the introduction to his famous and much-critiqued book Mind and Cosmos: Why the Neo-Darwinian Materialist Conception of Nature Is Almost Certainly False (Nagel 2012), Thomas Nagel writes that he wishes to show that “the mind-body problem is not simply a localized problem that affects the relationship between mind and brain in living animal organisms, but rather it pervades our understanding of the whole cosmos and its story”, considering that his work is focused mainly on the biological world, in which living organisms consistently give the appearance of being a product of mind. Although we—like many other authors—remain sceptical of Nagel’s idea of a vaguely specified natural finalism, we too believe that the gravity of the mind-body problem is currently underestimated, even though we follow a completely different approach to support the same thesis.


Indeed, the purpose of this work is to show that the mind-body problem does not only concern the relationship between mind and brain in humans and in those other animal organisms for which a certain activity of their brain is supposed to be related to subjective experience, but rather it affects the current conception of the whole phenomenon of life and, in fact, the whole conception of nature in materialist terms. In particular, most of this work is focused on discussing the neo-Darwinian conception of the phenomenon of life, specifically addressing the claim that, since a naturalistic explanation of the emergence and development of living organisms on Earth exists or is in principle available, living organisms are not what they might appear: they are not the product of a designer’s mind.


Fundamentally, we argue that such a reasoning cannot ignore the following two points:




	the concept of authorship is deceitful and needs to be carefully deconstructed to be used in a rigorous argument;


	non-living systems have existed in the universe since before the first living systems on Earth and therefore may in principle have a causal power over the emergence of living systems, which, by and large, give the appearance of being a product of mind; given the current state of ignorance about the mind-matter relation, we have no rigorous way of establishing whether or not the activity of certain non-living systems can be related to a subjective experience of mental contents.





Specifically, we focus on the classical scenario within which the origin of life is conceived, pointing out that, in such a typical neo-Darwinian narrative about the origin of life, a certain complex self-organizing system—which we will be discussing extensively—has a decisive causal role in the appearance of the first living organisms on Earth. Furthermore, we examine whether such a system can be conceived as a ‘brain’ of a natural designer, i.e. a system whose activity is related to subjective experience of authorship, inasmuch as the activity of such a system could be interpreted as giving rise to systems which give the strong impression of design. In other words, we claim that, even though the origin and evolution of life can be explained in purely physico-chemical terms within the neo-Darwinian framework of biology, given the current state of ignorance with respect to the mind-body problem it is not straightforward to conclude that living organisms are not what they might appear: products of mind. Equivalently, although the neo-Darwinian conception constitutes a valid naturalistic explanation of the origin of living organisms, a conclusion regarding the actual nature of the phenomenon of life cannot be formulated without taking into account the mind-matter problem.


Subsequently, we point out that if life were actually a product of mind, it would be likely that we would not be able to fully comprehend it through a purely materialist description of the phenomenon, as typically happens for any product of mind. Thus, we attempt to conceive a semantic plane of understanding of what life might be as a product of mind, in order to support the thesis that life might in fact be a product of a natural designer’s mind. In this regard, we question present notions pertaining to the emergence of mind in the history of the universe, suggesting its rise could predate current estimates by 4 billion years.


***


Finally, we revisit the mind-matter problem in the light of what has been proposed and argue that, regardless of when subjective experience is considered to have occurred for the first time, it is not possible to provide a rigorous explanation of subjective experience in terms of the activity of any objectively existing physical system within the objective material world as conceptualized in a materialistic perspective. Therefore, we argue that the mind-matter problem not only has the potential to question the conclusions of the neo-Darwinian framework about the phenomenon of life, but also points to certain intrinsic limitations of the current way in which reality is conceived in terms of the concept of matter.




Since much of this work deals with discussing the nature of the phenomenon of life, we must first of all briefly revisit the current understanding of the phenomenon in physico-chemical terms by dedicatedly focusing on certain aspects which are crucial for supporting our thesis.









Chapter 1


The Cell: A System Which Seems to Be a Product of Mind


A living organism is an open thermodynamic system which keeps itself in an internal disequilibrium condition by dissipating the free energy that it absorbs from its environment.


The main source of energy for life on Earth is constituted by the proton-proton chain nuclear reaction


41H →4 He + 2ν + 27MeV


responsible for helium nucleosynthesis in the Sun’s core, while the main process responsible for the absorption of such energy by living systems on Earth is photosynthesis, roughly described by the reaction


E + 6CO2 + 6H2O → C6H12O6 + 6O2


In such a process, a glucose molecule is synthesized starting from inorganic compounds by harvesting about 100eV of energy carried by visible solar photons—each carrying about 2.5eV. In brief, the incoming energy breaks the bonds of stable inorganic compounds (CO2 and H2O) and is then stored in higher-energy chemical bonds (glucose C6H12O6), while waste (O2) is released into the environment.


The process of cellular respiration is instead common to most photosynthetic and non-photosynthetic organisms, and it can be described, first off, as the reverse reaction to photosynthesis


C6H12O6 + 6O2 → 6CO2 + 6H2O + E




In such a process, a fraction of the energy stored in a glucose molecule is released back into the environment; for instance, the total dissipated power of a human organism—due to all its dissipative processes—is about 100W.


A photosynthetic organism lacking access to light long enough to exhaust its internal reserves reaches the condition of thermodynamic equilibrium; in other words, it dies, as happens to an animal that is deprived of food or oxygen for a sufficiently long time. More generally, a living organism unable to exchange matter and energy with its environment tends towards the condition of thermodynamic equilibrium—its death—like any other isolated system. Conversely, if free energy is constantly supplied to the system, such free energy sustains a high level of internal organization compared to the environment; in other words, the organism stays alive—until, of course, eventual long-term ageing processes of an entropic nature inexorably push it towards its death. On the other hand, cellular respiration, like combustion, is an oxide-reduction process—where oxygen oxidizes glucose to CO2 by reducing itself to H2O—and it is useful to note that even the flame of burning fuel, which requires a constant supply of fuel and oxygen from the environment, is an open system which dissipates free energy to sustain its disequilibrium organization.


In such disequilibrium systems, the energy flowing through the system sustains its internal disequilibrium organization. Such a mechanism was accurately formalized by Ilya Prigogine (Prigogine and Stengers 1984) into the concept of dissipative structures, i.e. structures that arise in dissipative systems, within the formalism of spontaneous symmetry breaking. A typical example of a dissipative structure is the famous Belousov-Zhabotinsky reaction, and many other dissipative structures are observable in everyday life since they are responsible for pattern formation in clouds, such as the Bénard convection cells and the Kelvin-Helmholtz instabilities (Smyth and Moum 2012). Destructive phenomena such as tornadoes (Bystrai, Lykov, and Okhotnikov 2011) are dissipative structures, and star formation regions can be modelled as galactic dissipative structures too (Bodifée 1986). As pointed out by Anderson et al. (Anderson and Stein 1987), the mathematics of dissipative structures deriving from spontaneous symmetry breaking has remarkable analogies with that of phase transitions, often characterized by spontaneous symmetry breaking; e.g. Bénard’s convection cell formation (fig. 1.1a) and the process of ice crystallization (fig. 1.1b) in liquid water cooling are both characterized by hexagonal honeycomb-like structures formed by spontaneous breaking of rotational and translational symmetry. In a dissipative system, as in a phase transition, a uniform state becomes unstable, forcing the system into a patterned one, leading to the self-organization of the system.
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Figure 1.1 a) Bénard’s convection cell; b) Ice crystalline structure





Thus, while the universe is inexorably moving towards its thermodynamic equilibrium, the formation of ordered structures in nature occurs as an absolutely common event in different thermodynamic scenarios: in disequilibrium systems as in phase transitions, for example; and in both cases the structuring process is effectively described by the wonderful mechanism of spontaneous symmetry breaking.


It is also well known that the emergence of life on Earth is strictly related to a broken symmetry. The fundamental classes of organic molecules, such as carbohydrates, amino acids and lipids, do not constitute a racemic mixture in organisms, but rather they are homochiral. Kondepudi and Prigogine (Kondepudi and Prigogine 2014) also attempted to explain such breaking of chiral symmetry within the framework of dissipative structures. Regardless of innumerable attempts to explain the origin of homochirality, it is widely recognized that homochirality is due to the stereospecificity of enzymes. Most biochemical reactions are indeed catalysed by highly specific biochemical catalysts—enzymes—that typically operate by lowering the activation energy of a reaction, thus increasing the reaction rate; that’s why most biochemical reaction products are kinetic products rather than thermodynamic products. The mechanism is therefore the same that occurs, for example, in a catalytic converter, in which platinum catalyses the oxidation of exhaust gases, but without doubt biological catalysts are far more specific than typical non-biological catalysts. Furthermore, specificity is not the only peculiar characteristic of enzymatic activity. Most of the enzymatic activity within a cell is ruled by the binding and release of control molecules that can in turn be produced by enzymatic activity, resulting in allosteric regulation mechanisms. Such a scenario of enzyme stereospecificity and complex allosteric regulation is certainly peculiar to biochemistry.


To provide an example of the complexity of a biochemical process, it is useful to discuss the process of cellular respiration in more detail. It is in fact a complex process which basically consists of three stages: glycolysis, Krebs cycle and oxidative phosphorylation, each a complex of reactions regulated by highly specific catalysts. Of those, the latter—oxidative phosphorylation—is certainly the most interesting because of its physics. In this stage, the transport of the electrons in a series of redox reactions is coupled through molecular proton pumps to the maintenance of a proton concentration gradient across the two sides of the inner mitochondrial membrane,1 so that an opposite proton flow that tends to equilibrate the concentrations is established through specific sites on the membrane and a steady state of concentration imbalance is kept (fig. 1.2). Meanwhile, the ATP-synthase machine—equipped with a stator and a rotor, like a miniaturized turbine about 20nm high—works in concert with the aforementioned pumps, coupling the proton motive force to the synthesis of ATP molecules. The rotation induced by a flow of three protons causes conformational changes in the static head of the machines to favour the phosphorylation of molecules of adenosine diphosphate (ADP) to adenosine triphosphate (ATP) by the addition of a phosphate group expelling a water molecule.
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Figure 1.2 Electron transport chain and phosphorylation of ADP catalysed by ATP synthase. ATP is constituted by a nitrogenous base (adenine), a pentose sugar (ribose) and a three-phosphate group





Similarly to cellular respiration, photosynthesis is also divided into stages: the light-dependent phase and the light-independent phase, both occurring in chloroplasts or in photosynthetic bacteria. The light-dependent phase is conceptually very similar to phosphorylation occurring in cellular respiration, with the difference that, in photosynthesis, proton pumping is coupled with the absorption of photons rather than with the oxidation of glucose, so that the ATP synthesis is ultimately coupled to photon absorption and therefore occurs through the photophosphorylation of ADP


γ + ADP + Pi → ATP + H2O




In the light-independent phase, the hydrolysis of ATP


ATP + H2O → + ADP + Pi + E


is coupled with the synthesis of glucose, the fuel that in turn is oxidized during cellular respiration to, once more, produce ATP by oxidative phosphorylation. Basically, ATP constitutes the energy vector for most biochemical processes, since readily available energy is stored into high-energy bonds between its phosphate groups that tend to strongly repel each other because of their negative charge, and the reaction through which such energy is released is the ATP hydrolysis, the energy source for most of the cell’s molecular machines. On the other hand, glucose molecules, which can be further packed into glucans, constitute the long-term energy reserve.


Even without delving into every fascinating detail of the processes of photosynthesis and respiration, which are only briefly described here, no one can reasonably deny that such an apparatus looks like an engineering masterpiece, the realization of the ‘power plant’ of the cell, where the same principles used in our hydroelectric power plants are involved at nanoscale level with protons rather than with huge water flows.


This illustration is just an example of the wonderful world of molecular machines, whose reality exceeds any fantasy, as has often been the case in the history of science. As another example, a machine quite similar to ATP synthase is found on the membrane of flagellate bacteria. In this case, the proton motive force established by respiration is coupled to flagellum rotation, and the rotation of the flagellum causes the motion of the bacterium itself, like a submarine pushed by the rotation of the propeller. Molecular machines can act according to distinct physical principles, behaving like weakly or strongly coupled machines and performing more disparate functions like one-shot machines or cyclic machines, such as motors, pumps and synthases. Moreover, most turbines can work in reverse regime as pumps, just as many human-made machines do. There are molecular motors dedicated to transporting materials and signals on ‘railways’ constituted by microtubules, while other machines operate to assemble and disassemble these ‘railways’; other molecular motors are responsible for muscle contraction in animals, while among the most famous pumps there is the sodium-potassium pump, which is responsible for establishing a voltage gradient of about –70mV in all animal cells between the two sides of the cell membrane by establishing a concentration gradient of sodium and potassium ions, allowing a wide variety of secondary solute transport systems, as well as the action potential discharge in excitable cells.


As we have seen in regard to the processes of photosynthesis and respiration, as well as the others mentioned, the work performed by this machine is crucial for the structuring of the system. There is therefore a dissipative flow of energy in a living organism which sustains its structuring, just as a dissipative flow sustains the structuring of a non-living disequilibrium system; but it is useful to observe that in a living organism a significant fraction of the dissipated energy is dissipated because of the inefficiency of molecular machines, which of course are not present in dissipative structures. One ATP synthase complex can generate more than 100 molecules of ATP each second, and the entire breathing process can ‘charge’ up to 32 ATP molecules per ‘burned’ glucose molecule. It is therefore clear that, unlike in a combustion process, the heat released in cellular respiration is in fact the energy that is not harnessed in the ATP molecule, the main energy carrier of the cell, to produce useful work. In absolutely qualitative terms the work done by these machines contributes significantly to the structuring of the system with very high efficiency with respect to the structuring efficiency of a dissipative system. For example, the efficiency of structuring of a tornado or of other dissipative structures is much lower, because the thermodynamic conditions of a tornado are quite different from those of a living organism; typically, dissipative structures appear in far-from-equilibrium systems, while a living organism works much closer to the thermodynamic equilibrium. These general considerations lead to great debates about the relevance of dissipative structures in the problem of the origins of life; regardless of the debate, we can observe that dissipative structures in general do not give the impression of being the result of an intentional project, an impression which is instead very strong with regard to living organisms.


As discussed earlier, molecular machines use the energy released by a certain process (photon absorption, proton flow, ATP hydrolysis) to drive an otherwise unfavourable process (active ion transport, molecules synthesis, various types of mechanical motion) according to different physical principles, and, in fact, most of them couple the hydrolysis of ATP with an otherwise unfavourable process. Since the fundamental characteristics of life are present even in the simplest unicellular organisms, we do not lose any generality in this analysis if we focus on those and, in particular, on unicellular organisms with minimal architecture: prokaryotes. Furthermore, since solar energy is the main source of energy for life—and photosynthesis is the main process through which solar energy is harvested—we will focus on photosynthetic bacteria,2 such as cyanobacteria.


Below, we will examine two distinct groups of reactions involved in cellular metabolism:




	
anabolic reactions (e.g. photosynthesis); these are endergonic reactions, i.e. non-spontaneous reactions characterized by an increase in Gibbs free energy (ΔG = ΔH – TΔS > 0) that require free energy (solar photons, ATP hydrolysis) for the synthesis of more structured molecules useful for the growth of the organism;


	
catabolic reactions (e.g. cellular respiration); these are exergonic reactions, i.e. spontaneous reactions (ΔG < 0) that release energy by breaking down structured molecules into less structured units that can be released into the environment as waste or used as a construction unit in anabolic ways; the released energy can be stored mainly in ATP molecules or other energy carriers and can be used to let anabolic reactions occur.





Typically, in the presence of favourable conditions (light for phototrophic organisms and in general free energy and raw materials), by virtue of the overall anabolism (supported by catabolism) a unicellular organism grows in size, as a praeludium to its reproduction. Thus, in a growing photosynthetic organism the increase in biomass is due to substances acquired from the environment, while the energy that prompts the system of reactions that allow its organization is solar energy. Of course, the above is a fine approximation for practical purposes, but it is not an exact statement. As we said, the free energy of the photons that feed life ultimately comes from the strong interaction field and is released in the p-p chain reaction. Having the Sun with a luminosity of 3.8·1026W, the Sun’s mass decreases by 4.2·109kg/s because of emitted photons; the average rate of energy captured by photosynthesis and stored into chemical bonds is about 1014W and the absorbed energy is basically stored into glucose molecules. Therefore, considering that Lavoisier’s law is a non-relativistic approximation, the photosynthesis process is responsible for an energy-mass conversion rate of 10−3kg/s on Earth, with which the catabolic process of course concurs. Such a mass excess is mostly contained in biomass since the high-energy molecule produced by photosynthesis (glucose) as well as its metabolic derivatives (ribose 5-phosphate, ATP) are stored in the organism itself. Although the mass excess-defect is absolutely negligible,3 for practical purposes in biochemistry it is useful to note that metabolism is basically a complex process of energy-mass transformation4 that in a given reaction
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can be either positive or negative, being mostly positive for anabolic reactions (responsible for growth), where higher-energy bonds are formed, and negative for catabolic reactions.


Since ATP is obtained by phosphorylation of ADP, during its growth an organism autonomously synthesizes ADP molecules. In fig. 1.3 the complex of reactions responsible for the synthesis of ADP is broadly illustrated: glucose—the hexose sugar synthesized by photosynthesis—is transformed into ribose—a pentose sugar—through an alternative metabolic pathway to glycolysis (pentose-phosphate pathway), while the nitrogenous bases have some amino acids produced by cellular respiration as precursors. Of course, any of these unfavourable processes must be coupled to ATP hydrolysis through a specific ATP-dependent machine in order to occur.


The process shown is just an extract of the whole transformative process taking place within a cell that constitutes cell metabolism. In this process two basic classes of organic compounds are involved, namely carbohydrates (glucose, ribose, etc.) and amino acids (glycine, alanine, etc.), but for the growth of the organism to occur, its membrane—composed essentially of phospholipids—must grow too, and this requires the metabolism of a third class of organic compounds: lipids. The role of the membrane is crucial for the entire cellular metabolism; the whole transformative process is indeed concomitant with the flow of energy and matter through the semipermeable membrane that distinguishes the system from its environment.5
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Figure 1.3 Basic metabolic pathways that lead to ADP synthesis





As we have seen, ATP plays a crucial role as energy carrier in metabolism, but this molecule can undergo an alternative pathway: it participates in a polymerization process in which it constitutes a component of a more complex molecule, the RiboNucleic Acid (RNA) molecule, a non-branched linear polymer consisting of a sequence of four distinct riboNucleoside MonoPhosphates (NMPs: AMP, UMP, GMP, CMP) or, in brief, ribonucleotides. The polymerization takes place by virtue of an RNA-polymerase machine which polymerizes an RNA polymer starting from another polymer—the DeoxyriboNucleic Acid (DNA) polymer—and from free-floating riboNucleoside TriPhosphates (NTPs: ATP, UTP, GTP, CTP). The DNA molecule is a double-stranded antiparallel complementary polymer where each strand consists of deoxyriboNucleoside MonoPhosphates (dNMPs: dAMP, dTMP, dGMP, dCMP), or, in brief, deoxyribonucleotides, which fundamentally differ from RNA monomers due to the different pentose sugar (deoxyribose rather than ribose) and due to the presence of a thymine base rather than uracil. The four dNMPs of DNA are coupled according to the principle of complementarity: a purine base (A, G) is typically bound to the complementary pyrimidine base (T, C). In regard to the free-floating NTPs, we have previously seen how ADP is synthesized and phosphorylated to ATP; the other NDPs are synthesized in similar pathways and phosphorylated to NTPs through catalysts that couple their phosphorylation with ATP hydrolysis. RNA polymerase takes care of opening the DNA molecule by moving forward along a strand, and couples the hydrolysis of two phosphate groups with the polymerization of RNA according to the complementarity principle (fig. 1.4a; in this case an A base is associated with U rather than T). While the RNA molecule is being produced it can undergo the process of RNA folding, in which it folds on itself by virtue of interactions between nucleotides and with water molecules, acquiring a form dependent on the specific sequence of monomers. Therefore, such a form gives the RNA molecule some specific catalytic properties; the catalysts thus obtained constitute a class of enzymes called ribozymes. But alternative pathways are available for RNA molecules (fig. 1.4b): some synthesized RNA molecules (tRNAs) characterized by a specific triplet of nucleotides in a given site are bound to a specific amino acid by the action of aminoacyl-tRNA synthetases (ATP dependent). These machines work in concert with other machines (ribosomes) that instead deal with the reverse process, detaching amino acids from tRNA. In a ribosomal site, an aminoacyl-tRNA molecule binds to a triplet of nucleotides of mRNA according to the complementarity principle. Afterwards, the ribosome advances to the following triplet, allowing the entry of a second aminoacyl-tRNA; then the first amino acid detaches from its tRNA—which is thus released—and attaches to the amino acid of the second aminoacyl-tRNA molecule, which is at this point a tRNA molecule, with a sequence of two amino acids attached. The ribosome then continues to advance along the mRNA, catalysing the synthesis of an amino acid chain releasing tRNA molecules. The ribosomes, thus, synthesize a linear chain of amino acids (a protein) that folds up by virtue of principles similar to those responsible for RNA folding. Finally, the proteins produced can be assembled together by virtue of intermolecular forces to form composite structures such as an ATP-synthase, or to form prominent assemblies of proteins and RNA molecules such as ribosomes themselves.
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Figure 1.4 a) RNA synthesis; b) Protein synthesis







If, looking at molecular machines, a cell seems to be the result of a project, the impression is even stronger if we look at the way these machines are assembled. Let’s suppose we are interested in knowing the amino acid composition of all the proteins that can be synthesized in a given cell. We could certainly analyse the amino acid composition of each protein present in the cell, but it is also possible to proceed in an alternative way. Once the way in which aminoacyl-tRNAs bind specific triplets to a specific amino acid is known, the DNA molecule becomes for us a material medium on which certain triplets of nucleotides represent a given amino acid; i.e. for a subject interested in the cell protein composition, a certain triplet of nucleotides stands for a specific amino acid as a component of a protein (or for the end of the protein). Therefore, a DNA molecule basically constitutes a molecular storage medium for data that contains a certain amount of information which specifies the amino acid composition of all the proteins that can be synthesized in the cell. Such data—sequences of four distinct symbols organized in triplets—can be copied on another data storage medium and undergo data analysis. The data packet in which the information that specifies an RNA molecule or a protein is encoded is called a gene.6 Such information is called ‘genetic information’, and the correspondence rules that define the way the genetic information is encoded in data for a subject interested in knowing the cell protein composition constitutes the so-called genetic code: it identifies the correspondence rules between the 64 possible triplets of nucleotides and 20 amino acids (plus the stop codons which encode for the end of the protein) with degeneration. From this perspective, the polymerization process of RNA from a DNA strand appears as a process in which information is copied from one tape to another by dedicated machines, while protein synthesis appears as a process in which proteins are synthesized with a composition specified by genetic information; the synthesis processes of RNA and proteins are therefore called transcription and translation of genetic information.


Referring back to the comparison between a cell and a flame (as representative of dissipative structures), the cell consumes free energy to create and maintain its organization, just as happens in many self-structuring dissipative systems, although less efficiently. But, unlike dissipative systems, living organisms can be usefully described in terms of information: in a living organism free energy prompts an extremely complex system of chemical-physical processes specified by genetic information. This is a convenient description for practical purposes, but not necessary, in principle, for explaining the process of the life of a cell. We explicitly avoid using it in our preliminary description of protein synthesis to underline that it can absolutely be reducible to lower-level physico-chemical processes; a cell, in fact—however complex—is made of nothing but interacting molecules. Nonetheless, we should point out that we also typically describe complex technological human artefacts in terms of information. For example, in a washing machine, free energy is dissipated by inducing physical processes that are specified by the information contained in the washing program, although—as for a living cell—what happens in a washing machine is reducible to the physics of the electric motor, of the heater resistor, and of the solid-state physics as concerns its electronics.


Given the relevance, for a knowing subject, of the DNA molecule as a molecular data storage medium, it is useful to have a look at the process by which the DNA molecule is synthesized, which is quite similar to the RNA polymerization process we have previously described. In the DNA synthesis process, two DNA molecules are each polymerized starting from a mould formed by a single pre-existing DNA strand according to the principle of complementarity of the bases. Each new DNA double strand is formed by a pre-existing strand and a new synthesized strand; in this sense the replication process is semi-conservative. A whole machine complex is responsible for the replication process; e.g. helicase is responsible for unwinding and, consequently, opening the double helix, while the DNA polymerase is involved in the polymerization of the new strand starting from free-floating dNTPs (fig. 1.5a), which are metabolic derivatives of NDPs. Typically, the replication of DNA molecules proceeds along two replication forks that start from one or more common replication origins (fig. 1.5b) and proceed in opposite directions: specific inhibitory mechanisms prevent a new double strand from being further replicated before the entire replication is complete.
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Figure 1.5 a) Detail of the DNA replication process; b) Overall view of DNA replication with multiple replication origins (typical of archaea)





Although the replication mechanism is extremely efficient it is not free from errors, which are corrected by virtue of innumerable error-correction mechanisms during and after DNA replication: they are fundamentally based on redundancy, just like human-designed error-correction mechanisms in data flow.


The way in which DNA is organized in a cell strongly depends on the domain or in general on the taxonomic group which it belongs to, but, as we said, we are referring here to organisms with minimal architecture such as prokaryotes. Prokaryotes do not have a well-defined cell nucleus; they contain a long closed DNA molecule and small DNA rings called plasmids (fig. 1.7a), which are independently replicated. But replication is not the only process affecting DNA: peculiar interactions between DNA molecules occur, and they are responsible for the exchange of genetic materials between organisms.7 For example, if a viral DNA ring is introduced into a bacteria, the proteins encoded in the new ring will be synthesized by the cell ribosomes. Among these proteins, the Cre-recombinase performs a specific function: it catalyses the integration (transposition) of viral DNA into the bacterial DNA on a specific DNA site characterized by a specific sequence of nucleotides (fig. 1.6). As a consequence of such an integration the viral genetic material will be replicated, together with the original bacterial DNA.
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Figure 1.6 Transposition of viral DNA into the bacterial chromosome





We have seen so far the anabolic processes in which the simplest main molecules (glucides, amino acids, lipids) and the most complex ones (nucleic acids and proteins) are synthesized. As we have said, in the presence of favourable conditions (light for photosynthetic organisms and in general free energy and raw materials), a unicellular organism typically grows in size by virtue of overall anabolism, supported of course by catabolism.


However, this growth process cannot continue indefinitely, since this would dramatically increase the size of the organism. There are various factors that limit its size; basically the crucial problem is that the surface-to-volume ratio tends to become unfavourable with respect to the necessity of exchanging matter with the environment. The typical cellular dimensions are therefore determined by the growth rate and the rate of divisions. In fact, the whole growth process is indeed a praeludium to cell division, by which the surface-to-volume ratio is limited. The typical process of cell division for prokaryotes is the binary fission process (fig. 1.7). After DNA replication (fig. 1.7b) is complete, specific mechanisms deal with carrying the two copies of the initial chromosome to the two opposite poles of the cell, while the transmission mechanism of plasmids can be either stochastic (for plasmids present in large numbers of copies) or regulated by appropriate partitioning systems (for plasmids present in double copy or in a low number of copies) which ensure the stable inheritance of plasmids. A contractile protein ring is responsible for the actual scission of the cell. If the whole process is successful then each of the two final systems contains a copy of the whole initial genetic material (fig. 1.7d). As we have seen, DNA determines which proteins are synthesized, and proteins, in turn, determine the transformative processes that take place in the cell; so the two final organisms will essentially be the same as the initial organisms in all those aspects. In other words, the system reproduces itself as faithfully as possible.
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Figure 1.7 a) The parent cell; b) DNA replication; c) Migration of genetic material and formation of the contractile ring; d) The daughter cells







Therefore, among all the processes of synthesis of complex molecules, the DNA replication process, by semi-conservative polymerization, is like the process responsible for the inheritance of genetic information in which the progeny inherits the information of the parent organism.


Each of the two daughter cells will therefore go through the same dynamics of the parent organism, reproducing themselves further, and, in ideal conditions, each organism of the population reproduces itself within a characteristic time frame. Therefore, the population growth rate is proportional to the number of bacteria present at a given time, giving rise to an exponential population growth. Conversely, if a population of bacteria is deprived of its source of free energy, the death phase is observed to be exponential too.


From this brief description of what happens in a unicellular organism, it is clear that the presence of high-technology machines within the systems and the possibility of usefully describing what is going on within the system in terms of information create the strong impression that those organisms are the result of intentional design. Furthermore, a living organism seems to be designed with a technological ingenuity seemingly far more advanced than our current one: the operating principle of machines such as ATP-synthase or a flagellar motor is similar to that of a Feynman-Smoluchowski ratchet, though the latter is powered by a temperature gradient rather than a concentration gradient. But biological nanomachines existed billions of years before humans could even conceive of the possibility of building them. Moreover, even though we are currently able to produce our first synthetic molecular machines—to isolate antibiotics that, for example, block the helicase of bacteria to avoid infections, to synthesize molecules that block the stomach proton pump to avoid stomach acidity, to replace parts of cells with synthetic components, to perform DNA segment replication in vitro through polymerase chain reaction, to make useful genetic modifications so that bacteria will produce human insulin for diabetics, or to clone a multicellular organism and so on—we are absolutely far from being able to recreate a living cell from scratch, i.e. to build a living cell starting from water, carbon dioxide, nitrogen compounds and so on.


Such an impression, which is strong even in the simplest, most ancient unicellular organisms, is confirmed if we contemplate the whole tree of life as reconstructed through the integration of fossil and genetic data. More specifically, the impression one has is that some author, who must have been much more skilled and capable than present-day humans, intentionally designed the first forms of life and subsequently intervened with repeated modifications, creating new, more complex ones, suitable for the most disparate environments, more or less similarly to a skilled inventor who creates, for example, the first motor vehicle, and subsequently builds trains with various types of engines, cars, boats, submarines, aeroplanes, jet aircrafts, rockets. In other words, the evolution of living organisms on Earth is a fact, just as the evolution of car models from the 1920s to the present day is a fact: both have changed over time.


The appearance of design is so strong that Richard Dawkins uses it to define what biology is: “Biology is the study of complicated things that give the appearance of having been designed for a purpose” (Dawkins 2017).


But, although this impression is strong, formulating a theory of the origin and evolution of life on Earth by virtue of a designer’s intention seems an arduous task for a natural scientist, to say the least. This is because a natural designer is typically thought of as a form of intelligent life—which can in principle also be of extraterrestrial origin—and its introduction only shifts the problem to the origin of this form of intelligent life, which would have intervened in the origin and evolution of life on the Earth about 4 billion years ago. On the other hand, it must be said that this impression has been used, in the history of thought, in support of theological arguments, such as William Paley’s famous watchmaker argument, in which he derives the need for an intelligent designer from the evidence of the mechanical complexity of a living organism, just as one might infer the existence of a watchmaker from the complexity of the workings of a clock. However, the introduction of a supernatural designer, specifically a theistic God—as opposed to a deistic God—who intervenes to alter the original plan for the universe, would not give rise to a naturalistic explanation of the emergence of life and would not, therefore, be satisfactory for a natural scientist.
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