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Abstract  

 

The search for fundamental determinants of bio-molecular chirality is a hot topic in biology, 

clarifying the meaning of evolution and the enigma of life's origin. Non-biological and biological 

entities obey the universal laws of nature grounded on space-time symmetry (STS) transformations. 

The fabric of STS is the immense subject of our review. The symmetry, encompassing behavior of 

elementary particles and galaxy structure, imposes its fundamental laws on all hierarchical levels of the 

biological world. Objects across spatial scales may be classified as chiral or achiral concerning a 

specific space-related symmetry transformation - mirror reflection. Chirality as a symmetry element 

reflecting the property of asymmetry (or dissymmetry) is the critical structural feature of natural 

systems, including sub-atomic particles and living matter. The inheritance of molecular symmetry from 

the symmetry of elementary particles points to the bi-directional causal pathway of prevalent bio-

chirality. We assume that both extremities of spatial dimension naturally influence this transitional 

state of biological matter. 

The current review promotes an integrative holistic approach to the new experimental results in 

fast-developing and divergent branches of STS and biological chirality. The generalized view on 

biological chirality is a necessary and promising avenue for adequately understanding the link between 

protein folding, cell morphology, neuronal signaling, and laterality of cognitive functions. 
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General Introduction 

Causal claims are an integral part of natural sciences. Biology arises out of the underlying 

physics [Ellis & Kopel. 2019]. Meaning that the origin, evolution, and maintenance of bio-specific 

effects, including biochirality, follow nature's fundamental laws [Gross 1996]. Not-trivial behavior of 

chiral molecular compounds, including spontaneous chirality switching [Kai et al. 2018], transient 

reversible inversion of chirality [Sakata et al. 2022], light-induced chiral switching [Li et al. 2019], and 

s chiral-induced spin selectivity (CISS) effects [Naaman et al. 2022; Evers et al. 2022] suggest that 

ribosomal protein synthesis is not the only mechanism involved in the induction and maintenance of 

prevalent molecular chirality. The progress in this field recurs the search for the fundamental cause of 

bio-chirality, common for all hieratical levels of the soft-matter organization. 

As the fundamental determinant of existence, the fabric of space-time symmetry (STS) 

transformations is the immense subject of our review encompassing subatomic physics, galaxy structure, 

and the biological world, including the phenomena of intellect. Undoubtedly, non-biological and 

biological entities obey the fundamental laws of Nature [Wolf, et al., 2018]. The universe's integrity is a 

driving force of long-lasting theoretical development and experimental attempts in biology. The 

knowledge of the common principles of existence is necessary for solving the mystery why origin of life 

is associated with the prevalent homochirality of biomolecules [Devínsky. 2021; Barron, 1986; Manev, 

2014]. From the time of Greek philosophy, intuitive perception of the unity of everything given in 

sensation has been advanced to the speculative and scientific levels. Kant (1724-1804) transformed the 

unity of universe hypothesis into an analytical statement that time and space are the most fundamental 

forms of existence. In addition, long before the Noether, Kant pointed out the philosophical significance 

of chiral objects (which he called the incongruent counterparts} to the concept of space [Van Cleve & 

Frederic. 1991; Hoefer. 2010] and conservation principles [Weizsacker. 1971]. After Newton, Leibniz,  
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Mincowski [1859-1909], Poincare [1854-1912], and Noether (1882-1935) promote the concept of the 

ST continuum to the form of mathematical equations [Ezio, 1997], which open an opportunity to analyze 

space-time related variables. The relativity of space and time intervals disclosed by Minkowski and 

accepted by Lorentz become the main postulates of special relativity theory (SRT) of Einstein 

[Minkowski. 2007; Einstein, A. 1921; Lorentz et al. 1923]. The advances in SRT and general theory of 

relativity (GRT) theory were made by including the achievements of quantum theory of elementary 

particles (QPT) and the physics of gravity, bringing to the science the concept of space-time symmetry. 

Is become clear that the fundamental determinant of existence is not just a space-time continuum, by the 

dynamics of STS. The most surprising twist in the view on the fundamental significance of the Noether 

theorem is the discovery of the fragile nature of symmetry in the physics [Nakamura & Sato. 1962, 

Znojil. 2004] and biology [Noble et al. 2012].  An apparent sharp difference between the living and non-

living worlds requires close attention to the diverse network of links and associations of STS with the 

notions of entropy, statistics, phase-transitions, thermodynamics, as well as homochirality of protein 

synthesis and physiology of biological information processing. 

Physics  

It is beyond the scope of this article to elucidate the physical significance of STS in the 

mathematical language (see, [Bernabeu 2020; Qadir & Camci. 2022], but the logical ground for 

understanding is provided. 

Fragile Space-Time Symmetry 

In physics and mathematics, ST structure is characterized by the symmetry variable [Höhn & 

Müller. 2016]. The definition of mirror reflection operation points to the dimension-dependent 

number of the isomers and dimension-specific symmetry groups. From the mathematical formalism of 

quantum physics, the equations of motion can operate differently or uniformly over time and space  

transformations, providing the degree of freedom to interpret the appearance of the physical world 
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 [Atkins. 1974]. The STS (in quantum mechanics, the parity transformation is the flip in the sign of one,  

several or all spatial coordinates) is mathematically linked to the variable of the symmetry groups (which 

can be chiral and achiral). Gauge symmetry group transformation, requiring the invariance of physical  

state in ST domain, mathematically is the change of the phase of the wavefunction of elementary 

particles. It is notable that all four fundamental quantum fields, including gravity, can be reconstructed  

within gauge symmetry fields theories, making it the backbone of modern physics [Lyre, 2009]. Space 

symmetry referring to isomerism, determines the existence of stereo-specific objects. One of the  

intriguing sub-classes of isomers are the enantiomers having dual representations. The pairs of 

enantiomers have the same constituents but opposite three-dimensional spatial arrangements or shapes 

or chirality. From a geometrical perspective, chiral objects are characterized by the absence of reflective 

or all symmetry elements. As the system of the whole numbers contains all natural numbers and zero, 

the system of symmetry transformation includes mirror reflection. In the case of chiral objects, mirror 

reflection produces two spatially non-identical enantiomers. Chirality, as the form of symmetry 

deficiency, plays a prominent role in the molecular biology of viruses [Ji et al. 2015] and higher 

organisms [Mezey. 1998; Wang et al. 2006]. Two enantiomers (chiral pair) are mirror images of each 

other (i.e., cannot be superimposed). The concept of chirality applies to objects of all known domains 

of space dimensions, including mega- and micro-scales. Lorentz symmetry group transformations reflect 

the fundamental symmetry of space and time, which are critical to many physical laws, equations, and 

theories, including the kinetic law of special relativity, Maxwell’s equation for electromagnetism, Dirac 

equation for an electron, and the standard model (SM) of elementary particles (EPs) [Petitjean, 2019; 

Liu, et al., 2019; Petitjean, 2022; Anais & Pedro. 2019]. Notable that despite that, many predictions 

derived from the SM are confirmed experimentally, the theory contains unsolved problems that should 

be resolved. Physical events of different kinds, and scales, depending on the nature of fundamental forces  

involved, exhibit the effects of preservation / conservation and violation/alteration of charge symmetry 
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 (C-symmetry). parity symmetry (P-symmetry), and time reversal symmetry (T- symmetry) collectively  

known as CPT symmetry. We will narrow consideration to the P-symmetry, strongly linked to bio-

molecular chirality [Barron, 2021; Huang, 2007; Quack & Stohner. 2001; Kumar, 2017]. Among many  

aspects of spatial symmetry, chirality gradually gains sharp attention. As mentioned before, chirality is 

the most common space-related (geometrical) characteristic of natural objects appearing in our universe  

at many levels of space size, from the world of EPs (EPsW) to the galaxy world (GW). The idea that 

not-interrupting chain of chirality transfer consists of distinct links between overlapping domains of  

spatial dimension has a long period of clarification. However, even now, we have luck or limited 

information regarding many links in this chain. In the history of science, we can see the corresponding 

continuity in the chain of logical conclusions. Ancient philosophers from the Democritus considered the 

shape (i.e., symmetry) of hypothetical atoms as determinants of the material world diversity. Later the 

intuitive symmetry consideration was used by Mendeleev for the establishment of periodic tables of 

elements. The symmetry arguments in physics and chemistry were traditionally used to find the 

solution to puzzles of symmetry transfer from atoms to molecules [Quack & Stohner. 2001; Kosso, P. 

1999: Dunitz. 1996]. Consequently, it was found that molecular chirality is a determining factor in the 

external and internal symmetry of non-organic crystals and biological macromolecules, including 

proteins lipids, and DNA, [Dyakin, et al. 2017]. From a different perspective, an increasing line of 

convincing evidence suggests that stereo-specific chemical evolution may originate before the origin of 

terrestrial life from the contribution of the symmetry patterns of the macroscale galaxy dynamics 

[Cline, 2010: Takahashi & Kobayashi, 2019]. In other words, we have a bidirectional chain of chirality 

transfer across the space scale (see Fig. 1) as a causal factor of biochirality. Notable that formally 

opposing converse pathways point to the decisive role of fundamental forces of nature in the origin of 

bio-chirality. However, the phenomenological similarity and difference underlying the mechanisms of 

the succession of such events are not the mainstream of the scientific discussion. The progress in this  
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direction should be grounded on more systematic and goal-oriented studies. The unifying view on the 

evolution of the time-space concept, covering the areas of spinors, quaternions, tensors, and  

differential forms, can be found in many published courses [Hestenes, 1966; Petitjean, M. 2021; 

Goodsell, 2000; Vaccaro, 2016; Billig, Y and Futorny, V. 2014].) 

Symmetry and Relativity 

In classical physics, symmetry, reference frames, and the relativity of frame-dependent 

quantities are intimately connected [Loveridge et al. 2018]. All variants of the relativity concept  

provide the distinction between the frame-dependent and frame-independent quantities of physical 

objects. In the Galilean relativity principle, the directions/angles, velocities, and time of events are 

invariant quantities with relativity encoded under the action of the Galilean group transformations. 

Einsteinian relativity considered additional invariants—the length of material bodies and time between 

spatially separated events with relativity encoded under the action of the Poincare group 

transformations. 

The synthesis of symmetry and relativity concepts in the complex of theoretical approaches 

(including string theory (StrT), grand unified theory (GUT), and super unified theory (SUT) shaped the 

scientific conception of the physical and biological worlds [Huang, 2007-A, Gibney. 2014; Senami & 

Shimizu. 2020]. Symmetry arguments reveal critical importance in two opposing spatial domains of 

physics represented by the behavior of EPs [Gross 1996; Greensite & Matsuyama 2022] and the 

universe's structure [Kondepudi & Durand. 2001; Ananthaswamy. 2009; Palle. 2012; Vaccaro, 2016].  

While the contribution of spatial symmetry of EPs to biological chirality is under theoretical 

development and experimental verification, the impacts of the mega-world and its mirror partner are 

mainly in the theoretical modeling. Hence, the chain of related questions remains open. As we can see, 

the history of science illustrates (represents) the chain of theories of natural events, including classical  

mechanics, electromagnetism, SRT, GRT, SM, and StrT. Notable that this chain represents the gradual 
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evolution of the relativity concept in the direction of overlapping with the concept of symmetry.  

Spontaneous emerging and breaking of symmetry in space-time events are two complementary processes 

underlying the mechanisms of many physical phenomena in two opposing spatial domains of physics  

represented by the Higgs mechanism of EPs [Gross 1996; Greensite & Matsuyama 2022] and the 

universe's structure [Kondepudi & Durand. 2001; Ananthaswamy. 2009; Palle. 2012; Vaccaro, 2016]  

complemented by effects in condensed matter physics and biological objects [Brauner, 2010; Kharuk & 

Shkerin. 2018]. Beginning with Galilei, the many great names contribute to a proper understanding of 

the inherent link between the principle of relativity and the concept of symmetry. The most prominent 

of them are Newton, Lorentz, Minkowski, Poincare, Einstein, and Noether. Not trivial relations between 

the notion of STS and relativity principles are a continuous area of development and discussion in 

theoretical physics [Polulyakh. 2012; Friedman & Scarr. 2019; Mashhoon. 2019]. Generalized relativity  

principles say that all physics laws should be mediated concerning STS [Gross. 1996]. Accordingly, a 

generalized approach to understanding bio-chirality must be viewed in relation to STS. 

The quantum mechanics, developing the mathematical language for relational formalism, bring 

more fundamental meaning to these affinity [Samokhvalov. 2020; Fields et al. 2021]. Accordingly, the  

identity of reference frames should be considered a form of symmetry. The quantum field theory 

(QFT) and theory of GRT, in their original forms, are both unsuccessful in description of the complete 

ensemble of the fundamental forces of nature.  In the way to move forward, all modern attempts to 

develop the quantum theory of gravity, including string theory, are based on considering the STS 

[Dittrich. 2008; Fichet & Saraswat. 2020].  

In fundamental physics relativity is recognized as “a first place where the idea of symmetry 

begins to be felt” [Penrose, 2011]. The physical properties of photon are the most convincing illustration 

of the natural link between the relativity principle and STS [Stedman. 1983; Cameron et al. 2017]. The  

history of science is the search for the mathematical expression of intuitive concepts of space, time, 
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inertial motion, the principle of relativity, entropy, and symmetry. The idea of meaningful relevance  

between the relativity principle and the notion of symmetry has a long-term incubation period. It is a 

categorical imperative that the laws of nature must be the same for all observers. In the language of  

physics and mathematics, such invariability (or uniformity) is called symmetry. According to Newton 

(1642-1724), the relativity of inertial motion can be comprehended under a proper interpretation of 

notions of time and space (Newton, 1999). In agreement with this intuitive statement, it was shown that 

both the Galilean (1564 - 1642) and Lorentz (1853-1928) transformations might be derived from the 

relativity principle based on certain elementary assumptions regarding space and time (Arthur, 2007).  

In classical physics, the equality of physical laws is provided by Galilean transformations (G) and 

corresponding relativity principles {see equations (a) and (b)}. In this period of scientific experience, it 

was not expected the attention to the speed of light and, therefore, equality of physical laws was  

associated with the concept of relativity but not the STS. Experiments of Michelson and others (in the 

1880s), showing the independence of the photon's speed from the relative velocity of its source and 

observer, inspired a new generation of scientists to find an agreement between classical and quantum 

mechanics. Conceptual changing postulated ontology of the universe from the three-dimensional 

absolute space to the four-dimensional space-time of relativistic physics open link between space-time 

symmetry and relativity principle [Field. 2001; Ajaltouni. 2014; Hon & Goldstein. 2005]. Explicit 

understanding the significance of closely related concepts of relativity and STS in physics requires the 

knowledge of a considerable mathematical background. This condition is an objective obstacle to sharing 

the achievements in modern physics with the field of bio-chirality. 

The statement of Einstein (1878 - 1955) that "inertia resists acceleration relative to space" point 

attention to the inherent link between concepts of space, time, inertial motion, gravitation, and the 

principle of relativity [Lorentz, et al., 1923; Arthur, 2007; Pfister & King 2015; Valente, 2016]. The  

specific STS transformation, relating the speed of the physical object to the speed of light, which allows 
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the laws of physics to be the same for all observers, is known as Lorentz symmetry transformation (L)  

(see equations a and b). The inclusion of gravity force and accelerating frame of reference undertaken 

by Einstein to move from SRT to GRT initiate essential new insight into the relativity principle, which  

finally brings an explicit recognition that the relativity principle is the symmetry-associated principle 

[Hon & Goldstain. 2005]. Hilbert and Klein's mathematical analysis of GRT field equations reveals 

some inconsistency. Resolving the problem, Noether comes to far-reaching conclusions (Noether’s 

theorems). She showed that GRT could adequately describe natural events only under the assumption of 

an intrinsic link between concepts of symmetries, relativity, and gravity-induced curvature of space-time 

[Byer. 1999]. These theorems are perfectly in agreement with the role of four fundamental forces of 

nature in the macro- and mesoscale of physical events. Notable that an exploration of the symmetry role 

in the SRT shows that L transformation requires the speed of light invariance [Friedman & Scarr, 2019; 

Vilasi & Vitale, 2002; Samokhvalov.2020] – a conclusion consistent with the spirit of Noether’s 

theorem. Relativity, space-time domain, and STS have become a significant focus of interest not only in 

the physics, mathematics, and philosophers of science, but also in molecular biology and neuroscience 

[Torretti, 1983; Auffray, & Nottale, 2008; Noble, 2012; Ross, 2021]. Noether's theorem [Noether. 1918] 

shows that a not-contradictive mathematical description of the conservation laws requires including the 

symmetry features. Consequently, in many theoretical works, it was confirmed that adequate solution of 

the equations of the Special (Friedman & Scarr, 2019) and GRT [Keller, 2002; Harrison, 2014] require 

specific assumptions regarding STS. Applying the relativity principle to the symmetry patterns of 

elementary particles (EPs) reveals that the helicity and chirality of EPs derived from the Dirac equation 

have a sharply distinct property (Dirac, 1928). The quantum mechanical variables of EPs, such as 

chirality and helicity, exhibit different behavior (being invariants or depending on the reference frame) 

for the massive (such as an electron) and massless (such as photon) particles. For example, the helicity  

of electron (spin ½ and velocity less than the velocity of photon in vacuum) depends on the reference 
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frame, i.e., exhibit the relativity. The chirality of electrons is Lorentz invariant but is not a constant of  

motion. In contrast, for photon (spin 1), helicity is time-invariant. Notably, identifying the gravitational 

field with the ST curvature has led to the most influential predictions of general relativity, including the  

quantum structure of ST, the occurrence of the big bang, and the existence of black holes [Gronwald et 

al., 1998; Singh et al., 2004].  Our consideration of STS in most general terms is aimed to focus on  

the specific form of symmetry transformation in the space domain - mirror reflection, and their principal 

role in biological chirality. Accordingly, growing experimental evidence suggests chirality of the 

fundamental physical force may provoke asymmetric imbalance in a chemical system (either racemic or 

prochiral) [Guijarro & Yus, 2009]. As a result, it has become apparent that all above-mentioned  

fundamental principles of physical world (PW) applies to the biological world (BW) in general and to 

phenomena of biochirality precisely. Due to evolution and development, moving animals gained the 

ability of sensory perception of time, and space intervals, which in humans were transformed into 

intellectual reasoning regarding the relativity of movement, STS, and causality. Phenomenology is a 

philosophy of experience. However, the specific aspects of spontaneous symmetry breaking, and their 

physical ramifications are dispersed among the specialized literature of multiple subfields, making 

them not widely known or readily transferred to the area of biological science. 

Fundamental Forces of Nature 

From the geometrical perceptive, the objects across diverse spatial scales may be classified as 

chiral or achiral concerning a specific space-related symmetry transformation - mirror reflection.  

Chirality (or handedness) as a symmetry element reflecting the property of asymmetry (or 

dissymmetry) is the critical structural feature of natural systems, including living matter.  According to 

SM, the symmetry parameters of elementary particles associated with the fundamental force of nature 

(electromagnetism, gravitation, strong interaction, and weak interactions) play a causal role l for all  

observed events in the universe at broad spatial scales from the subatomic (10 -16 meters) to 
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cosmological (10 20 meters) levels. Biological matter, represented by amino acids, macromolecules,  

cells, organs, and organisms, corresponds to the narrow intermediate scale interval (1.0 - 10 10 

nanometers). The assumption that ST evolution is the primary source of the phenomena in mega- and 

micro-worlds [Vaccaro, 2016] immediately points to two complementary fundamental causes of 

biological chirality. In other words, the inheritance of molecular symmetry from the symmetry 

of EPs means the bi-directional pathways leading to the origin of prevalent bio-chirality. One thought 

an impact of the symmetry of atomic orbital on molecular chirality and others through an organism’s  

environmental and ecological domains, which means that both extremities of spatial dimension 

naturally shape the appearance of all transitional states. 

The unification of four fundamental forces of nature in the StrT allows presupposing the natural 

link between micro-, meso-, macro-, and mega- worlds (Fig 1) [Livio, 2012; Salam, 2005]. It is not 

accidental that the central StrT is an assumption of the symmetry between fermions and bosons, which  

can be tested experimentally [Ezio, 1997]. Recognition of the significance of STS in particle physics 

promotes the idea that parity violation (PV) on the micro-scale may contribute to the molecular 

component of biochirality.  Indeed, one of four interacting forces (weak nuclear force) demonstrates the 

specific effect of parity violation, which is supposed to interfere with the geometry of sub-atomic 

particles and, consequently, the homochirality of molecular compounds, including DNA, proteins, and 

lipids. The experimentally observed parity PV for the weak nuclear force may presumably lead to the 

energy difference between the ground and excited states of biomolecules. The fact was predicted by 

theory and proved experimentally Ellis & Silk, 2014; Letokhov, 1975; Darquié, et al., 2010; Lin, et al., 

2016]. Despite their different appearances, all four interacting fundamental forces of nature, and 

corresponding vector fields, exhibit inherent relation to the various forms of the STS. It is reasonable to 

expect that factors contributing to biochirality are probably not restricted to the impact of the weak  

nuclear interaction.  For example, the possibility of PV in gravity is widely discussed [Yamada & 
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Tanaka. 2020; Cai et al 2022]. 

Bio-chirality 

Conservation quantities (conservation laws) in all domains of physics, including quantum 

mechanics of indistinguishable quantum particles (fermions and bosons), are always related to the 

symmetries of the system [Feynman 1957; Viazminsky. 2018]. The symmetries determinants, critical in 

classical and quantum information processing [Penchev.2021], are recognized as the mechanisms 

underlying biological information processing [Higgins et al. 2022; Hermann & Schmidt. 2022]  

According to current knowledge, “the mechanisms which ensure invariant left-right asymmetry of the 

heart, viscera, and brain represent a thread connecting biomolecular chirality to human cognition, along 

the way involving fundamental aspects of cell biology, biophysics, and evolutionary biology” [Levin. 

2005]. The occurrence of such connection is bearing by the hieratical chain of chirality transfer [Dyakin 

et al.2017- A). Notable that the stereo-divergent chain of chirality transfer between hierarchical levels 

of biological organization was observed experimentally, including in Bottom UP and Top-Down 

directions [Chiccoli et al. 2013; Huang et al. 2021; Cheng et al. 2021; Zhang et al. 2022; Sevim et al. 

2022]. 

The best-studied examples of the interplay of symmetry and asymmetry in biology are the 

bilaterality and handedness of animal body morphology and functions. Bilaterality (symmetry) and 

hemi-lateral asymmetry (handedness) are distinct features in the morphology and functions of the human 

body, nervous, sensory, and cognitive systems. Left–right asymmetry in morphogenesis occurs at the 

early stages of embryonic development [Levin. 2005]. In the human brain, functional hemispheric 

asymmetry is evident in division of labor between language (left hemisphere) and motor (right 

hemisphere) functions [Toga & Thompson. 2003; Li et al. 2020]. 

Hierarchical Levels                                                             

All forms of life, from single-cell eukaryotes to complex, highly differentiated multicellular 
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“organisms, exhibit a property referred to as symmetry” [Gandhi, et al. 2021]. 

The common belief that molecular chirality is a central feature in the origin and evolution of 

biological systems is reflected in many reviews [Keszthelyi. 2009; Dyakin, et al. 2017-A, Barron, 2021; 

Wang, 2022]. The emergence of chirality of life, is associated with the break of symmetry at the 

molecular level. However, the causality of biomolecular asymmetry remains so far characterized as an 

“unanswered question” or [Devínsky. 2021; Lee et al. 2022]. Most common of them are: “did life begin  

by using both forms of chirality, and then one of the forms disappeared” and “did the choice of 

homochirality precede the formation of biomolecules”? In our view, the resolution of such uncertainty  

calls for broader outlook on biochirality phenomena. The science tracing the links between biological 

events, including the prevalent bio-molecular chirality with the laterality of perceptual, cognitive, and  

psychiatric functions, gains the name biological chirality or bio-chirality [Gal & Cintas. 2012]. The chain 

of chirality transfer within BW, ranging from molecular chirality to brain cognitive laterality (bio- 

chirality), is a well-studied phenomenon for animal organisms [Dyakin, et al. 2017-A, Tamada, A. 2019, 

Huang et al. 2021] discussed in detail in several comprehensive reviews [Devínsky. 2021; Barron, 1986; 

Mao, 2021]. A hierarchical chain of chain of chirality transfer within the bio-molecular system is 

experimentally observed for amino acid's spontaneous and induced self-assembly into chiral aggregates  

[Ribó.  2017; Huang et al. 2021]. The essential feature of the chain of chirality transfer in biology is bi- 

directionality, meaning that each link (and any sequence of the links) experiences the asymmetric impact  

‘from the left- and right- neighborhoods. The molecular chirality of plants and animals has many 

common features. Animals and plants originated from a common, single-celled, and motile eukaryote 

probably 1.5 billion years ago. Animal cells, developing motility, become the basis for the evolutionary 

origin of mobile multicellular bilateral organisms. Movement, associated with competition for food and 

predation, leads to elaborating sensory systems, contractile muscles, and a fast-reactive, bilaterally- 

asymmetric nervous system enabled survival [www/ 2020]. The bilateral symmetry of organisms is 
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characterized by body shape divided along a plain of mirror reflection. Left-right morphological  

handedness and prevalent chirality of biological molecules are incidents/examples of geometrical 

similarity among chiral (not-superimposed) objects of differential hierarchical complexity. The 

corresponding complex of the experimentally observed facts supports the hypothesis regarding the chain 

of chirality transfer from molecular structures to the morphological and functional characteristics of the  

organism [Dyakin, et al. 2017-A]. The evolution of morphogenesis of moving animals is driven by the 

fluctuating asymmetry (FA) that represents small, random developmental differences between the right  

and left sides [Benítez et al. 2020]. A well-known example of chirality transfer from the molecular to 

the cellular level is that major cytoskeleton components of eukaryotic cells, such as actin microfilaments  

and microtubules, result in polar filaments of one chirality responsible for cell handedness [Satir, 2016]. 

The opposite chain of chirality transfer to BioW originates from the macro-domains of space, apparent  

in the structure of GW. The solar system containing the planet Earth encapsulating the BW is just one 

of many other intermediates (Fig 1).   

The predominance of molecular handedness in biological objects is frequently considered a 

unique signature or property of life. This widespread point of view (being encouraging for many 

biologists) contains two essential destructive elements leading to deviation from objective reality. First,  

the word unique is compromising the truth of this statement. Second, it is misleading in the search for 

the origin of biomolecular chirality and laterality of cognitive functions. The escape from such a dead 

end is possible only based on a broad point of view based on the attention to the advances in 

understanding the fundamental laws of nature, signifying the significance of the symmetry concept. Our 

attempt is the generalized (i.e., philosophical) transection organism bio-chirality considered from  

internal, external, and behavioral aspects. The information processing mechanism of the human brains 

challenged with the task of discriminating the event across both space and time domains, examined by 

sensory perception and reasoning [Longo, 2011]. As we mentioned early, sensory perception of moving 
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objects differentiates itself into the chain of more specialized patterns: perception of time-space intervals,  

symmetry, and causality. On another side, spontaneous symmetry emerging and breaking in space-time 

events are two alternative processes underlying the mechanisms of many physical phenomena ranging 

from condensed matter physics and the Higgs mechanism in the standard model of elementary 

particles to biology [Brauner, 2010; Kharuk & Shkerin. 2018]. The external determinants of the living 

organism bio-chirality are rooted in quantum physics. The quantum hydrodynamic approach to particle 

physics justifies the continuous spontaneous formation and annihilation of virtual particles and  

antiparticles (vortex-antivortex pair) in a quantum vacuum. The handedness of EPs, in combination with 

the experimentally observed asymmetry in spiral galaxies, originated from chirality from giant vortices 

of the central black hole [Huang, 2007-A: Tasker 2015] suggests that the left-handed bias of weak  

nuclear force and the rotation of the cosmic superfluid would explain the left-handed bias in biological 

molecules (bio-chirality) [Jordi, 2022]. Bio-chirality of the living organism has its internal determinants  

at the atomic and molecular levels. At the atomic level of events, the coupling of the symmetry 

parameters of elementary components, including protons, electrons, and photons, plays a critical role. In  

agreement with Lorentz-Poincare symmetry transformations and Noether's theorem [Blackmond, 2022: 

Noether, 1918], the dynamic changes of local quantities of the electromagnetic field associated with the  

helicity and chirality of spin and orbital components momentum of electrons, are coupled with the energy 

state through helicity and chirality of emission/absorption of photons. The underlying physical laws 

are considered as fundamental determinants of light-matter interaction [Cameron, et al., 2017; Bordács, 

et al. 2012; Forbes & Andrew, 2021]. The interaction between chiral matter and circularly polarized light 

(as events occurring in both space and time domains) is determined by the combination of physical  

parameters influencing the degree of stereo-specific effects [Crimin, et al., 2020]. Electron-photon 

coupling is an illustrative example of stereo-selective (chirality-dependent) interaction between mass 

carriers (fermions) and massless (bosons) EPs [Cottet, et al. 2015, Mun, et al. 2020]. The subjects of 
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particular interest here are the laws common to the non-biological and biological worlds. In other words,  

the question is what kind of universal phenomena embrace the domains of non-organic and organic 

nature. The broad-view picture suggests that the emergence and evolution of the BioW on the Earth  

occur under the collective impact of GW and world of EPs. Consequently, the most fundamental law of 

BioW, associated with the spatial domain of existence, is biological chirality or bio-chirality. 

Molecular level 

The internal determinants of cellular and organismic bio-chirality are molecular complexes 

including, proteins, DNA, and lipids. Corresponding external determinants are related to the geo-centric 

realms of existence, such as the local environment and biosphere, as a whole (Fig. 1).  Apparently, the  

distinction of determinants as internal and external is not absolute because the impact of fundamental 

forces of nature is essentially bidirectional. The spectrum of hypotheses considering the origin of 

biological homo-chirality is consistently expanding. Some analysts appeal to parity violation due to 

energy difference in the chiral molecules attributed to parity violation energy difference (PVED) 

[Devínsky. 2021; Barron, 1986, Davankov, 2018]. Others link the origin of prevalent bio-molecular 

chirality to the impact of external to organism factors such as the handedness of the axial and orbital 

rotations of the Earth, asymmetric fluctuation of the atmospheric and oceanic media [Guo & Sun, 2014], 

and spiral structure of galaxies. However, all of them are focused on considering the spatial symmetry 

attributes of the corresponding objects. Molecular chirality (i.e., an association with symmetry 

constraints) originates from the symmetry of atomic constituents, including electrons and protons, 

inherent to all members of the periodic table of elements. Experimentally observed CISS effects in α-

helical proteins and DNA structures attract attention to theoretical consideration of the mechanism of 

electron spin selective transport in biological molecules [Crimin, et al., 2020]. The emergence of 

biochirality mechanisms is generally classified as biotic or abiotic. The discrimination between them  

should not shadow the fact that chirality linked to fundamental STS is the common feature of living and 
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non-living (soft and solid) matter. This view is supported by the experimental observation of various  

spin-dependent molecular processes driven by the external and internal chiral physical force [Forbes & 

Andrew, 2021, Avalos, et al. 1998: Mineo, et al. 2014; Mondal, et al. 2016; Rosenberg R.A. 2019; 

Pavlov, & Klabunovskii, 2015; Dyakin et al. 2017-B; Dyakin et al. 2021; Chotera, et al., 2018]. Notable, 

that all organic molecules contain a limited member of evolutionary selected chemical elements (carbon,  

hydrogen, oxygen, sulfur, nitrogen, and phosphorus). The primary cause of such selection is the unique 

symmetry of atomic orbitals, allowing the ribosomal synthesis of homochiral proteins and vital stereo- 

selective interactions within the DNA-proteins-lipids complexes. It is the common view that the 

biological systems, representing thermodynamically open non-equilibrium state characterized by the 

bio-molecular phase transitions, are associated with the symmetry transformations (symmetry changes 

or “breaking”) [Mondal, et al. 2016; Rosenberg R.A. 2019; Pavlov, & Klabunovskii, 2015; Dyakin et al. 

2017-B] and not trivial bi-directional behavior of entropy (Kohut, 2016; Dyakin, et al. 2017-A). Notably, 

the evolution of galaxy clusters exhibits similar bi-directional (decreasing and increasing stages) entropy 

patterns [Korenić et al., 2019; Dyakin et al., 2022, Dyakin & Uversky. 2022; Voit, 2005]. The 

fundamental significance of biochirality at the molecular and cellular levels assumes the mechanisms of 

the organism/brain morphology, behavior, cognition, and consciousness are grounded on basic principles 

of spatial organization and function. Indeed, the biochirality concept is closely associated with all vital 

events of organism, including the fertilization, asymmetric cell division, organism development (bi-

laterality), biological information processing (brain functional asymmetry), and aging [Rosenberg R.A. 

2019; Pavlov, & Klabunovskii, 2015; Dyakin et al. 2017-B; Iqbal, 2011; Aoki. 2012], Szabados. 2022; 

Gal, 2013; Boyd & Famiano.2018; Chen & Ma. 2020]. The study of the mechanism of human 

consciousness and cognitive functions traditionally concern the sensory perception of space-time 

geometry [Stocke. 2014; Moser et al. 2015; Hameroff. 2001; Pillai & Jirsa. 2017; Signorelli et al. 2020].  
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The view that “time and space are tightly blended in the brain” is supported by most advanced studies 

of perceptual and cognitive functions [O'Keefe. 1978; Peer et al. 2015; Buzsáki & Llinás. 2017;  

Bihanabc. 2020]. Notably, the functions of place cells are attributed to the population of pyramidal 

neurons, which presumably serve as a gravity-based three-dimensional compass in the brain [Angelaki 

et al. 2020]. Understanding molecular chirality as a unique characteristic of biological structures is 

misleading. Three-dimensional shapes of both biological and non-biological constructs exhibit intrinsic  

chirality at the molecular level. The intrinsic determinant of molecular chirality is the symmetry of quasi- 

stable atomic complexes, which, in turn, is driven/governed by the symmetry of sun-atomic elementary  

particles. An illustrative example of symmetry constraints, common to organic and non-organic 

molecules, is chiral-icosahedral shells observed for Au60 spere and capsids (icosahedral shells of 

proteins around a single RNA molecule) of many icosahedral viruses [Valeriy. 2005; Mullins et al. 2018; 

Laurent et al 2021]. 

After Words 

The commutative power of experimental results and theoretical developments suggest that the 

non-equilibrium state of the universe characterized by the increase of entropy is inevitably linked to the 

compensatory processes of self-organization (decrease of entropy). At the molecular level, such 

compensatory events are associated with the mechanism of chirality dependent protein folding as distinct  

phenomenon of life. Notably, from a theoretical perspective, self-organization is considered a new form 

of global STS, namely, scale-invariance reflecting the dynamics of energy/matter at all levels of  

organizational hierarchy, from elementary particles through cells and organisms to the universe as a 

whole [Kurakin. 2011; Gaite. 2020]. 
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Equations (a) and (b). (a, b). Galilean and Lorentz L transformation (G and L): coordinates (t′,x′,y′,z′) of 

an event in K′ system  correspond to the event’s coordinates (t,x,y,z) in K system. 

 

 

 

 

 

Fig. 1. Bidirectional chain of chirality transfer. Internal and external determinants of Bio-Chirality. 

After the Big Bang, the four forces divided as the cooling Universe underwent sequential phase 

transitions. Adopted from [Huntley. 2012] and [WWW. 2022] with alterations. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 21 October 2022                   doi:10.20944/preprints202210.0338.v1

https://doi.org/10.20944/preprints202210.0338.v1


Main-10-19-22- 
 

  

 

19 

References  

Ajaltouni, Z.J. (2014). Symmetry and relativity: From classical mechanics to modern particle physics. 

Natural Science. 2014, 6(4), Article ID:43343,7 pages, doi:10.4236/ns.2014.64023 

Anais, D-U. and Pedro, B. (2019). Homochirality: A Perspective from Fundamental Physics. Symmetry 

2019, 11(5), 661, doi.org/10.3390/sym11050661  

Ananthaswamy, A. (2009). Symmetric universe may be written in fabric of space-time New Scientist 

2009, 201(2699), 13 pg. doi.org/10.1016/S0262-4079(09)60687-4 

Andrulis, E.D. (2012). Theory of the Origin, Evolution, and Nature of Life. Life (Basel). 2012, 2(1), 1–

105. doi: 10.3390/life201000185  

Angelaki, D.E., Ng, J., Abrego, A.M. et al. (2020). A gravity-based three-dimensional compass in the 

mouse brain. Nat Commun 2020, 11, 1855, doi.org/10.1038/s41467-020-15566-5 

Aoki I. (2012).  Book. Entropy principle for the development of complex biotic systems. Organisms, 

Ecosystems, the Earth, Elsevier, London, UK. 2012. 

Arthur, R. T. W. (2007). Time, Inertia and the Relativity Principle. In: UNSPECIFIED. Phil Sci 

Arhive. 2007. URI: http://philsci-archive.pitt.edu/id/eprint/4543 

Atkins, P.W. (1974). Quanta: A handbook of concepts. Oxford University Press. p. 52. ISBN 978-0-

19-855493-6. 1974. 

Avalos, M.; Babiano, R.; Cintas, P.; Jiménez, J.L.; Palacios, J.C.; Barron, L.D. (1998). Absolute 

asymmetric synthesis under physical fields: Facts and fictions. Chem. Rev. 1998, 98, 2391–2404, doi: 

10.1021/cr9700960 

Auffray, C. and Nottale, L. (2008). Review. Scale relativity theory and integrative systems biology: 1: 

Founding principles and scale laws. Progress in Biophysics and Molecular Biology. 2008, 97(1), 79-

114, doi.org/10.1016/j.pbiomolbio.2007.09.002 

 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 21 October 2022                   doi:10.20944/preprints202210.0338.v1

https://doi.org/10.20944/preprints202210.0338.v1


Main-10-19-22- 
 

  

 

20 

Barron, L.D. (2021). Symmetry and Chirality: Were Physics Shakes Hands with Chemistry and 

Biology. Israel J. of Chemistry. Special Issue: Stereochemistry of Organic Crystals 2021. 61(9-10), 

517-529, doi.org/10.1002/ijch.202100044 

Barron LD. (1986). True and false chirality and parity violation. Chem. Phys. Lett. 1986, 123, 423–

427, doi:10.1016/0009-2614(86)80035-5) 

Benítez, H.A.; Lemic, D.; Villalobos-Leiva, A.; Bažok, R.; Órdenes-Claveria, R.; Živković, I.P.  and 

Mikac, K.M. (2020) Breaking Symmetry: Fluctuating Asymmetry and Geometric Morphometrics as 

Tools for Evaluating Developmental Instability under Diverse Agroecosystems. Symmetry 2020, 

12(11), 1789; doi.org/10.3390/sym12111789 

Bernabeu, J. (2020). Review. Symmetries and Their Breaking in the Fundamental Laws of Physics. 

Symmetry (MDPI) 2020, 12, 1316, doi:10.3390/sym12081316 

Bihanabc, D.L. (2020). On time and space in the brain: A relativistic pseudo-diffusion framework. 

Brain Multiphysics. 2020, 100016, doi.org/10.1016/j.brain.2020.100016    

Billig, Y and Futorny, V. (2014). Representations of the Lie Algebra of Vector Fields on a Torus and 

the Chiral De Rham Complex. Transactions of the Amer. Mathem. Soc. 2014, 366(9), 4697-4731, 

JSTOR, https://www.jstor.org/stable/23813963 

Blackmond, D.G. (2022). The Origin of Biological Homochirality. CSH Cold Spring Harbor. 

Perspectives in Biology. 2022, 14(3), doi: 10.1101/cshperspect.a032540 

Bloom, B.P. Anna R. Waldeck and David H. Waldeck. (2022). Homochirality and chiral-induced spin 

selectivity: A new spin on the origin of life. PNAS. 2022, 119 (34) e2210505119, 

doi.org/10.1073/pnas.221050 

Bordács, S., Kézsmárki, I., Szaller, D. et al. (2012). Chirality of matter shows up via spin excitations. 

Nature Phys 2012, 8, 734–738, doi.org/10.1038/nphys2387 

 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 21 October 2022                   doi:10.20944/preprints202210.0338.v1

https://doi.org/10.20944/preprints202210.0338.v1


Main-10-19-22- 
 

  

 

21 

Boyd, R.N. and Famiano, M.A. (2018). Amino Acids, Chirality, and Neutrinos. Pg.  5-1 to 5-25. 

Chapter 5 in the book Creating the Molecules of Life.  IOP Publishing Ltd 201.8. Online ISBN: 978-0-

7503-1993-5.  IOP Publishing, Bristol, UK. 2018. 

Brauner, T. (2010). Spontaneous Symmetry Breaking and Nambu-Goldstone Bosons in Quantum 

Many-Body Systems. Symmetry 2010, 2, 609-657, doi.org/10.3390/sym2020609  

Buzsáki, G & Llinás, R. (2017). Space and time in the brain. Science. 2017, 358(6362): 482–485, doi: 

10.1126/science.aan8869 

Byer. N. E (1999). Noether's Discovery of the Deep Connection Between Symmetries and 

Conservation Laws Isreal Mathematical Conference Proceedings 1999, 12, 1999  

{http://cwp.library.ucla.edu/articles/noether.asg/noether.html} 

Cai, R-G.;Fu, C and Yu, W-W. (2022) Parity violation in stochastic gravitational wave background 

from inflation in Nieh-Yan modified teleparallel gravity. Phys. Rev. D 2022, 105, 103520, 

doi.org/10.1103/PhysRevD.105.103520 

Cameron, R.P.; Götte, J.B. and Barnett, S.M. and Yao, A.M. (2017). Chirality and the angular 

momentum of light. Phil. Trans. R. Soc. A 2017. 375: 20150433, doi.org/10.1098/rsta.2015.0433 

Chen, Y. and Ma, W. (2020). The origin of biological homochirality along with the origin of life. Plos 

Comp. Biology. 2020, 16(1): e1007592, doi.org/10.1371/journal.pcbi.1007592 

Cheng, L.; Liu, K. Duan, Y.; Duan, H.; Li, Y.; Gao, M and Cao, L (2021-A). Adaptive Chirality of an 

Achiral Cage: Chirality Transfer, Induction, and Circularly Polarized Luminescence through Aqueous 

Host–Guest Complexation. CCS (Chinese Chem. Soc.). Chemistry. 2021, 3(11), 2749-27-63, 

doi.org/10.31635/ccschem.020.202000509 

Cheng, Y-J.; Lin, C-H. and Lane, H-Y. (2021-B). D-Amino Acids and pLG72 in Alzheimer’s Disease 

and Schizophrenia. Int. J. Mol. Sci. 2021, 22(20), 10917, doi.org/10.3390/ijms222010917 

 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 21 October 2022                   doi:10.20944/preprints202210.0338.v1

https://doi.org/10.20944/preprints202210.0338.v1


Main-10-19-22- 
 

  

 

22 

Chiccoli, C.; Pasini, P.; Skačej, G.; Zannoni, C.  & Žumer, S. (2013). Chirality Transfer from Helical 

Nanostructures to Nematics: A Monte Carlo Study Molecular Crystals and Liquid Crystals 2013, 

576(1): Proceedings of the 1st Italian-Brazilian Workshop on Liquid 

Crystalsdoi.org/10.1080/15421406.2013.789720 

Chotera, A.; Sadihov, H.; Cohen-Luria, R.; Monnard, P-A. and Ashkenasy, G.  (2018). Functional 

Assemblies Emerging in Complex Mixtures of Peptides and Nucleic Acid-Peptide Chimeras.  

Chemistry - A European Journal 2018, 24:40. Pg. 10128-10135, doi: 10.1002/chem.201800500 

Cline, D.B. (2010). Possible Physical Mechanisms in the Galaxy to Cause Homochiral Biomaterials 

for Life. Symmetry (MDPI) 2010, 2(3), doi: 10.3390/sym2031450 

Cottet, A.; Kontos, T. and Douçot, B. (2015). Electron-photon coupling in Mesoscopic Quantum 

Electrodynamics. Phys. Rev. 2015, B 91, 205417, doi.org/10.1103/PhysRevB.91.205417 

Crimin, F.; Mackinnon, N.; Götte, J. Stephen M. Barnett, S.M. (2020). Continuous symmetries and 

conservation laws in chiral media. Proc. SPIE 2020, Complex Light and Optical Forces, XIV, 11297, 

doi.org/10.1117/12.2550815  

Davankov, V.A. (2018). Biological Homochirality on the Earth, or in the Universe? A Selective 

Review. Symmetry (Special Issue Possible Scenarios for Homochirality on Earth) 2018, 10(12), 749, 

doi.org/10.3390/sym10120749 

Darquié, B.; Stoeffler, C.; Shelkovnikov, A.; et al. (2010). Progress toward a first observation of parity 

violation in chiral molecules by high-resolution laser spectroscopy. Chirality 2010, 22, 870-884,2010, 

doi: 10.1002/chir.20911 

da Motta, H. (2020). Chirality and neutrinos, a student first approach. J. Phys.: Conf. Ser. 2020, 1558, 

012014. doi:10.1088/1742-6596/1558/1/012014 

Devínsky. F. (2021). Review. Chirality and the Origin of Life. Symmetry 2021, 

3(12), 2277, doi.org/10.3390/sym13122277 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 21 October 2022                   doi:10.20944/preprints202210.0338.v1

https://doi.org/10.20944/preprints202210.0338.v1


Main-10-19-22- 
 

  

 

23 

Dirac, P.A.M. (1928). The quantum theory of the electron. Proc. R. Soc. Lond. 1928, A, 117(778),610–

624, 1928. 

Dittrich, B. (2008). Diffeomorphism symmetry in quantum gravity models. Adv.Sci.Lett. 2008, 2, 151. 

doi: 10.1166/asl.2009.1022 

Cohen, Y. & Wilson, D.A. (2017). Task-Correlated Cortical Asymmetry and Intra- and Inter-

Hemispheric Separation. Sci Rep 2017, 7, 14602, doi.org/10.1038/s41598-017-15109-x 

Dunitz, J.D. (1996). Symmetry arguments in chemistry. PNAS, 1996. 93 (25), 14260-14266, 

doi.org/10.1073/pnas.93.25.142 

Dyakin, V.V.; Wisniewski, T.M. and Lajtha. A. (2020). Chiral Interface of Amyloid Beta (Aβ): 

Relevance to Protein Aging, Aggregation and Neurodegeneration. Symmetry 2020, 12(4), 585; 

doi.org/10.3390/sym12040585 

Dyakin, V.V.; Lucas, J.L.; Dyakina-Fagnano, N.V.; Posner, E.V. and Vadasz, C. (2017- A). The Chain 

of Chirality Transfer as Determinant of Brain Functional Laterality. Breaking the Chirality Silence: 

Search for New Generation of Biomarkers; Relevance to Neurodegenerative Diseases, Cognitive 

Psychology, and Nutrition Science. Neurology and Neuroscience Research. 2017, 1(1), 2, doi: 

10.24983/scitemed.nnr.2017.00028 

Dyakin V.V.; Dyakina-Fagnano, N.V.; Mcintire, L.B. and Uversky, V.N. (2022). Review. 

Fundamental Clock of Biological Aging: Convergence of Molecular, Neurodegenerative, Cognitive 

and Psychiatric Pathways: Non-Equilibrium Thermodynamics Meet Psychology. Int. J. Mol. Sci. 2022, 

23(1), 285, doi.org/10.3390/ijms23010285 

Dyakin, V.V. and Uversky, V.N. (2022). Review. Arrow of Time, Entropy, and Protein Folding: 

Holistic View on Biochirality. Int. J. of Mol. Science (MDPI). 2020, Int. J. Mol. Sci. 2022, 23, 2-15, 

doi.org/10.3390/xxxxx 

 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 21 October 2022                   doi:10.20944/preprints202210.0338.v1

https://doi.org/10.20944/preprints202210.0338.v1


Main-10-19-22- 
 

  

 

24 

Dyakin, V.V.; Lucas, J. (2017 B). Non-equilibrium phase transition in biochemical Systems. Chain of 

chirality transfer as Determinant of Brain Functional Laterality. Relevance to Alzheimer disease and 

cognitive psychology. In Proceedings of the Alzheimer’s Association International Conference (AAIC-

2017), London, UK, 16–20 July 2017. 

Dyakin, V.V.; Wisniewski, T.M. and Lajtha, A. (2021). Racemization in Post-Translational 

Modifications Relevance to Protein Aging, Aggregation and Neurodegeneration: Tip of the Iceberg. 

Symmetry 2021, 13(3), 455; doi.org/10.3390/sym13030455 

Einstein, A. (1921). The Meaning of Relativity: Four Lectures Delivered at Princeton University, May 

1921  

Einstein, A. (1982). Ideas and Opinions. New York: Random House. 1982. 

Ellis, G.F.R. and Kopel, J. (2019). The Dynamical Emergence of Biology from Physics: Branching 

Causation via Biomolecules. Fronter in Physiology. 2019, doi.org/10.3389/fphys.2018.01966 

Ellis, G. and Silk, J. (2014). Scientific Method: Defend the Integrity of Physics. Nature, 2014, 516, 

321, doi.org/10.1038/516321a 

Ezio, V. (1997) Leibniz and Clarke: A Study of Their Correspondence. Oxford and New York: Oxford 

University Press. 1997. ISBN 9780195113990 

Evers, F.; Aharony, A.; Bar-Gill, N.; et al. 2022. Theory of Chirality Induced Spin Selectivity: 

Progress and Challenges. Advanced Materials. 2022, 4(13), 2106629, 

doi.org/10.1002/adma.202106629 

Feynman R. (1957). Symmetry and Conservation Laws Symmetry in Physical Laws. Lecture 17 { 

https://www.feynmanlectures.caltech.edu/III_17.html}. Chapter 52, Vol. I. Part on the book Angular 

Momentum in Quantum Mechanics: A. R. Edmonds, Princeton University Press, 1957  

Fichet, S. and Saraswat, P. (2020). Approximate symmetries and gravity. J. High Energ. Phys. 2020, 

88, doi.org/10.1007/JHEP01(2020)088 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 21 October 2022                   doi:10.20944/preprints202210.0338.v1

https://doi.org/10.20944/preprints202210.0338.v1


Main-10-19-22- 
 

  

 

25 

Field, J.H. (2001). Space-Time Exchange Invariance: Special Relativity as a Symmetry Principle. 

American Journal of Physics 2001, 69, 569, doi.org/10.1119/1.1344165 

Fields, C.; Glazebrook, J.F. and Marcianò, A. Academic Editor: Kazuharu Bamba. (2021). Reference 

Frame Induced Symmetry Breaking on Holographic Screens. Symmetry 2021, 13(3), 408, 

doi.org/10.3390/sym13030408 

Forbes, K.A. and Andrew, D.L (2021). Orbital angular momentum of twisted light: chirality and 

optical activity. J. Phys: Photonics 2021, 2(3), 022007, doi.org/10.1088/2515-7647/abdb06  

Friedman Y. and Scarr, T. (2019). Symmetry and Special Relativity. Symmetry (MDPI) 2019, 11, 

1235, 3-15, doi:10.3390/sym11101235 

Gaite, J. (2020). Scale Symmetry in the Universe. Symmetry 2020, 12(4), 597, 

doi.org/10.3390/sym12040597 

Gal, J. & Cintas, P. (2012). Early History of the Recognition of Molecular Biochirality. Chapter in the 

book by Cintas, P. (eds) Biochirality. Pg. 1–40. Topics in Current Chemistry. Vol 333. Springer, 

Berlin, Heidelberg. 2012 

Gal, J.  (2013) Molecular chirality: language, history, and significance. Top. Curr. Chem. 2013, 340, 1-

20, doi: 10.1007/128_2013_435 

Gandhi, P.; Ciocanel, M-V.; Niklas, K. and Dawes, A.T. (2021). Identification of approximate 

symmetries in biological development.  Philosophical Transaction of the Royal Soc A. Math. Phys. and 

Engineering Sciences 2021, 379(2213), doi.org/10.1098/rsta.2020.0273 

Gibney, E. (2014). Force of nature gave life its asymmetry. Nature 2014, 

doi.org/10.1038/nature.2014.15995 

Gong, C.; Zhu, T.; Niu, R.; Wu, Q.; Cui, J-L.; Zhang, X.; Zhao, W. and Wang, A. (2022). 

Gravitational wave constraints on Lorentz and parity violations in gravity: High-order spatial 

derivative cases. Phys. Rev. D 2022, 105(4), doi.org/10.1103/PhysRevD.105.044034 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 21 October 2022                   doi:10.20944/preprints202210.0338.v1

https://doi.org/10.20944/preprints202210.0338.v1


Main-10-19-22- 
 

  

 

26 

Goodsell, D. S. (2000). Biomolecules and nanotechnology. American Scientist 2000, 88(3), 230-237, 

doi: 10.1511/2000.23.769  

Greensite J. and Matsuyama, K.  Academic Editors: Simon Hands and Simon Catterall.  (2022). 

Symmetry, Confinement, and the Higgs Phase. (This article belongs to the Special Issue New 

Applications of Symmetry in Lattice Field Theory), Symmetry, 2022, 14(1), 177, 

doi.org/10.3390/sym14010177 

Gronwald, F.; Muench, U.; Macıas, A. and Hehl, F.W. (1998). Volume elements of spacetime and a 

quartet of scalar fields. Phys. Rev. D 1998, 58(8), 084021, doi.org/10.1103/PhysRevD.58.084021  

Gross, D.J. (1996). The role of symmetry in fundamental physics. PNAS 1996, 93(25), 14256-14259 

doi.org/10.1073/pnas.93.25.1425 

Guijarro, A. and Yus, M. (2009). The Origin of Chirality in the Molecules of Life: A Revision from 

Awareness to the Current Theories and Perspectives of this Unsolved Problem. Angewandte Chemie 

International Edition. 2009, 48(12), 2079 – 2080, doi: 10.1002/anie.200805910 

Guo, A-M. and Sun, Q-F. (2014). Edited by Jay R. Winkler Spin-dependent electron transport in 

protein-like single-helical molecules. PNAS 2014 111 (32) 11658-11662, 

doi.org/10.1073/pnas.1407716111 

Hameroff, S. (2001). Consciousness, the Brain, and Spacetime Geometry. Annals of the NY Academy 

of Science. 2001, 929, 74-104, doi: 10.1111/j.1749-6632.2001.tb05709.x 

Harrison, B.K. (2014). Applications of Symmetry to General Relativity. Proceedings of Institute of 

Mathematics of NAS of Ukraine. 2004, 50(1), 131-141. 

Heckers,S.; Donald Goff, D. and Weiss, A.P.( 2002). Reversed hemispheric asymmetry during simple 

visual perception in schizophrenia. Psychiatry Research: Neuroimaging. 2002, 116(1–2), 25-32, 

doi.org/10.1016/S0925-4927(02)00067-7 

 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 21 October 2022                   doi:10.20944/preprints202210.0338.v1

https://doi.org/10.20944/preprints202210.0338.v1


Main-10-19-22- 
 

  

 

27 

Hermann, S. and Schmidt, M. (2022). Why Noether’s theorem applies to statistical mechanics. Journal 

of Physics: Condensed Matter 2022, 34 213001, (14pp), doi.org/10.1088/1361-648X/ac5b47 

Hestenes, D. Book. (1966).  Space-Time Algebra. Originally published by Gordon and Breach Science 

Publishers, New York, 1966. Springer International Publishing Switzerland 2015. 

Higgins, I.; Racanière, S. and Rezende, D. (2022) Symmetry-Based Representations for Artificial and 

Biological General Intelligence, Front. Comput. Neurosci., 2022, 14(16)836498, doi: 

10.3389/fncom.2022.836498. 

Hoefer, C. (2000), Kant's hands and Earman's pions: Chirality arguments for substantival space. 

International Studies in the Philosophy of Science 2010, 14;16:836498. doi: 

10.3389/fncom.2022.836498.14/2000(3)., 237-256, doi.org/10.1080/026985900437755 

Höhn, P.A. and Müller, M.P. (2016). An operational approach to spacetime symmetries: Lorentz 

transformations from quantum communication. New Journal of Physics 2016, 18, 063026, 

doi:10.1088/1367-2630/18/6/063026 

Hon, G and Goldstein, B.R. (2005). How Einstein Made Asymmetry Disappear: Symmetry and 

Relativity in 1905 Archive for History of Exact Sciences 2005, 59(5), 437-544, 

doi.org/10.1007/s00407-005-0098-9 

Huang, K.A. (2007-A) Superfluid Universe. World Scientific, Singapore. 2016. 

Huang, K.A. (2007-B). Fundamental Forces of Nature; The Story of Gauge Fields. Pages: 284. 

Doi.org/10.1142/6447. MIT 2007 

Huang, S.; Yu, H. and Quan Li, Q. (2021). Supra-molecular Chirality Transfer toward Chiral 

Aggregation: Asymmetric Hierarchical Self-Assembly. Advanced Science 2021 8(8), 2002132, 

doi.org/10.1002/advs.202002132 

Huntley, H.E. (2012). The divine proportion. Courier Corporation, 2012. 

 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 21 October 2022                   doi:10.20944/preprints202210.0338.v1

https://doi.org/10.20944/preprints202210.0338.v1


Main-10-19-22- 
 

  

 

28 

Iliopoulos, J. and Tomaras, T.N. (2021). Book: Spontaneously Broken Symmetries, Oxford 

Scholarship Online: December 2021. DOI: 10.1093/oso/9780192844200.001.0001  

Inaki, M.; Liu, J. and Matsuno, K. (2016). Cell chirality: its origin and roles in left–right asymmetric 

development. Philos Trans R Soc Lond B Biol Sci. 2016, 371(1710): 20150403, 

doi.org/10.1098/rstb.2015.0403 

Iqbal, N. (2011). Entropy changes in the clustering of galaxies in an expanding universe 

Natural Science 2011, 03(01):65-68, doi: 10.4236/ns.2011.31009  

Ji, X.; Axford, D.; Owen, R.; Evans, G.; Ginn, H.M.; Sutton, G. and Stuarta, D.I. (2015). Polyhedra 

structures and the evolution of the insect viruses. J Struct Biol. 2015, 192(1): 88–99, doi: 

10.1016/j.jsb.2015.08.009 

Jordi, C. (2022). The Unity of Science. The Stanford Encyclopedia of Philosophy (Spring 2022 

Edition), Edward N. Zalta (ed.), URL = <https://plato.stanford.edu/archives/spr2022/entries/scientific-

unity/>. 

Kai, SD.; Kojima,T.; Thorp-Greenwood, F.L.; Hardie, M.J. and Hiraoka, S. (2018). How does chiral 

self-sorting take place in the formation of homochiral Pd6L8 capsules consisting of 

cyclotriveratrylene-based chiral tritopic ligands?. Chemical Science. 2018, 9(17), 4104, doi: 

10.1039/c8sc01062e 

Kondepudi, D.K. and D J Durand. D.J. (2001). Chiral asymmetry in spiral galaxies? Chirality. 2001, 

13(7):351-6. doi: 10.1002/chir.1044 

Kurakin, A. (2011). The self-organizing fractal theory as a universal discovery method: the 

phenomenon of life. Theor Biol Med Model 2011. 8, 4, doi.org/10.1186/1742-4682-8-4 

Keller, J. (2002). General Relativity as a Symmetry of a Unified Space–Time–Action Geometrical 

Space. Proceedings of Institute of Mathematics of NAS of Ukraine. 2002, 43,2, 557,568.  

Keszthelyi. L. (2009). Origin of the homochirality of biomolecules. Cambridge University Press. 2009. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 21 October 2022                   doi:10.20944/preprints202210.0338.v1

https://doi.org/10.20944/preprints202210.0338.v1


Main-10-19-22- 
 

  

 

29 

Kharuk, I. and Shkerin, A. (2018). Solving puzzles of spontaneously broken spacetime symmetries. 

Phys. Rev. D 2018, 98, 125016 – Published 28 December 2018. 

Kohut. P. (2016). Fundamental Discovery of the Dialectical Unity Principle and its Consequences for 

Theoretical Physics. J. Phys. Math.2016, 7 (2), 1 - 15, 2016, doi.org/10.4172/2090-0902.1000163 

Korenić A, Slobodan Perović S, Milan Ćirković. (2019). Symmetry breaking and functional 

incompleteness in biological systems Progress in Biophysics and Molecular Biology. 2019, doi: · 

10.1016/j.pbiomolbio.2019.02.001 

Kosso, P. (1999). Symmetry arguments in physics. Studies in History and Philosophy of Science Part 

A 1999, 30 (3), 479-492, doi: 10.1016/s0039-3681(99)00012-6 

Kumar, A.; Capua, E.; Kesharwani, M.K.; Martin, J.M.L.; Sitbon, F.; Waldeck, D.H. and Naaman, R.  

(2017). Edited by R. Stephen Berry, The University of Chicago, Chicago, IL, Chirality-induced spin 

polarization places symmetry constraints on biomolecular interactions. PNAS 2017, 114(10), 

247402478, doi.org/10.1073/pnas.161146711 

Latinwo, F.; Stillinger, F.H. and Debenedetti, P.G. (2016). Molecular model for chirality phenomena J 

Chem Phys. 2016 Oct 21;145(15):154503. doi: 10.1063/1.4964678 

Laurent, G.; Lacoste, D. and Gaspard, P. (2021). Emergence of homochirality in large molecular 

systems. PNAS, 2021, 118 (3), e2012741118  

Levin, M. (2005). Left–right asymmetry in embryonic development: a comprehensive review. 

Mechanisms of Development. 2005. 122(1), 3-25, doi.org/10.1016/j.mod.2004.08.006 

Letokhov, V.S. (1975). On difference of energy levels of left and right molecules due to weak 

interactions. Phys. Lett. A. 1975, 53, 275-276, doi: 10.1016/0375-9601(75)90064-X 

Lee, C.; Weber, J.M.; Rodriguez, L.E.; Sheppard, R.Y; Barge, L.M.; Berger, E.L, and Burton, A.S. 

Academic Editor: Yannick Vallée. (2022) Chirality in Organic and Mineral Systems: A Review of  

 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 21 October 2022                   doi:10.20944/preprints202210.0338.v1

https://doi.org/10.20944/preprints202210.0338.v1


Main-10-19-22- 
 

  

 

30 

Reactivity and Alteration Processes Relevant to Prebiotic Chemistry and Life Detection Missions. 

Symmetry 2022, 14(3), 460, doi.org/10.3390/sym14030460 

Li, M.; Chen, L-J.; Cai, Y.; Luo, Q.; Li, W.; Yang, H-B.; Tian, H. and Zhu, W-H. (2019). Light-Driven 

Chiral Switching of Supramolecular Metallacycles with Photoreversibility. Chem. 2019, 5(3), 634-648, 

doi.org/10.1016/j.chempr.2018.12.006 

Lin, H.; Yiang, Y.; Zhang, Q.; Hua, K. and Li, Z. (2016). An in-tether sulfilimine chiral center induces 

helicity in short peptides. Chem. Communication. 2016, 52:10389-10391m, doi: 

10.1039/C6CC04508A 

Li, P., Ensink, E., Lang, S. et al. (2020). Hemispheric asymmetry in the human brain and in 

Parkinson’s disease is linked to divergent epigenetic patterns in neurons. Genome Biol. 2020, 21, 61, 

doi.org/10.1186/s13059-020-01960-1 

Lindeberg. T. (2013) Generalized axiomatic scale-space theory. In Advances in Imaging and Electron 

Physics. Elsevier, 2013, 178, 1-96, doi:10.1016/B978-0-12-407701-0.00001-7 

Liu, Y-C.; Gao, L-L.; Mameda, K. and Huang, X-G. (2019). Chiral kinetic theory in curved spacetime.  

Phys. Rev. D 2019, 99(8), 085014m, doi: 10.1103/PhysRevD.99.085014  

Livio, M. (2012). Why symmetry matters. Nature 2012, 490, 472–473, doi.org/10.1038/490472a 

Longo, M.J. (2011).  Detection of a dipole in the handedness of spiral galaxies with redshifts z∼ 0.04, 

Physics Letters B, 2011, 699(4), 224-229 

Lorentz, H. A., Einstein, A., Minkowski, H. and Weyl, H. (1923), The Principle of Relativity 

(Methuen 1923; reprinted, Dover 1952). 

Loveridge, L., Miyadera, T. & Busch, P. (2018). Symmetry, Reference Frames, and Relational 

Quantities in Quantum Mechanics. Found Phys. 2018, 48, 135–198, doi.org/10.1007/s10701-018-

0138-3 

 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 21 October 2022                   doi:10.20944/preprints202210.0338.v1

https://doi.org/10.20944/preprints202210.0338.v1


Main-10-19-22- 
 

  

 

31 

Lyre, H. (2009). Gauge Symmetry. In: Greenberger, D., Hentschel, K., Weinert, F. (eds) Compendium 

of Quantum Physics. Springer, Berlin, Heidelberg. 2009, ph 248. Doi.org/10.1007/978-3-540-70626-

7_76 

O'Keefe. (1978). Book by O'Keefe, John. The Hippocampus as a Cognitive Map. ISBN 978-

0198572060. Oxford University Press. 1978. 

Petitjean, M. (2019). Concept Paper. About Chirality in Minkowski Spacetime. Symmetry MDPI 2019, 

11, 1320, doi:10.3390/sym111013201  

Manev, V. (2014). Book. The Unity in the Universe: Theory of Theories Theory of Reality. Publisher: 

Xlibris Corporation 2014. 

Mao, J. (2021). Cosmic Background. European Journal of Applied Physics, 2021, 3(1), 67-70, 

doi.org/10.24018/ejphysics.2021.3.1.51 

Martinovic, K.; Badger, C. and V. Mandic. (2021). Searching for parity violation with the LIGO-

Virgo-KAGRA network. Physical Review D 2021, 104(8), L081101, doi.org/10.1103/Phys. Rev. 

D.104.L081101 

Mashhoon, B. (2019). Conformal Symmetry, Accelerated Observers, and Nonlocality. Symmetry 2019, 

11, 978, doi.org/10.48550/arXiv.1906.06667 

Meredith, L. (2008). Helicity, chirality, and the Dirac equation in the non-relativistic limit. This paper 

represents a reproduction of my lecture notes on the properties of the Dirac equation derived from the 

book by Ashok Das. Lectures on quantum field theory. World Scientific, 2008. 

Mezey, P.G. (1998). Generalized chirality and symmetry deficiency. Journal of Mathematical 

Chemistry 1998, 23, 5–84, doi.org/10.1023/A:1019121208423 

Mineo, P.; Villari, V.; Scamporrino, E. and Micali, N. (2014) Supramolecular chirality induced by a 

weak thermal force. Soft Matter 2014, 10 (1), 44-47. doi.org/10.1039/C3SM52322E 

 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 21 October 2022                   doi:10.20944/preprints202210.0338.v1

https://doi.org/10.20944/preprints202210.0338.v1


Main-10-19-22- 
 

  

 

32 

Mondal, P.C.; Fontanesi, C.; Waldeck, D.H.; Naaman, R. (2016). Spin-dependent transport through 

chiral molecules studied by spin-dependent electrochemistry. Acc. Chem. Res. 2016, 49, 2560–2568, 

doi.org/10.1021/acs.accounts.6b00446 

Moser, M.-B., Rowland, D. C., and Moser, E. I. (2015). Place cells, grid cells, and memory. Cold 

Spring Harbor Perspect. Biol. 2015, 14(6), 7:a021808, doi: 10.1101/cshperspect.a021808  

Mullins, SM.; Weissker, HC., Sinha-Roy, R. et al. (2018). Chiral symmetry breaking yields the I-Au60 

perfect golden shell of singular rigidity. Nature Communication 2018, 3352, doi.org/10.1038/s41467-

018-05215-3 

Mun, J., Kim, M., Yang, Y. et al. (2020). Electromagnetic chirality: from fundamentals to 

nontraditional chiroptical phenomena. Light Sci Appl 2020, 9, 139, doi.org/10.1038/s41377-020-

00367-8 

Nakamura, S. and Sato, S. (1962). Fragile Symmetry in the Strong Interactions. Progress of 

Theoretical Physics 1962, 28(4), 752–754, doi.org/10.1143/PTP.28.752 

Neidle, A and Dunlop, D.S. (2002) Allosteric Regulation of Mouse Brain Serine Racemase. 

Neurochemical Research. 2002, 27(12), 1719–1724, doi : 10.1023/a:1021607715824 

Noether, E. (1918). Invariante Variations Probleme. Nachrichten von der Gesellschaft der 

Wissenschaften zu Göttingen. Mathematisch-Physikalische Klasse. 1918: 235–257. 

Newton, I. (1999). The Principia: Mathematical Principles of Natural Philosophy. Trans. I. Bernard 

Cohen and Anne Whitman. Berkeley: University of California Press. 1999. 

Noble, D. (2012). A theory of biological relativity: no privileged level of causation. Interface Focus. 

2012, 2(1): 55–64, doi: 10.1098/rsfs.2011.0067 

Palle, D. (2012) On chirality of the vorticity of the Universe. Entropy 2012, 14 958, 

doi.org/10.3390/e14050958 

 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 21 October 2022                   doi:10.20944/preprints202210.0338.v1

https://doi.org/10.20944/preprints202210.0338.v1


Main-10-19-22- 
 

  

 

33 

Pavlov, V. and Klabunovskii, E.I. (2015). The origin of homochirality in nature: a possible version. 

Russian Chemical Reviews 2015, 18(1), 93 – 114, doi; 10.1070/RCR4444 

Penchev, V. (2021). The Symmetries of Quantum and Classical Information. Quantum Informatiom. 

2021. HAL ID hal-03251242, https://hal.archives-ouvertes.fr/hal-03251242 

Penrose, R. (2011). Introduction to the book by Feynman, R.P.; Leighton, R.B. and Sands, M. Six Not-

So-Easy Pieces. Einstein's Relativity, Symmetry, and Space-Time. Publisher. Basic Book. 2011. 

Peer et al. (2015). Michael Peer, Roy Salomon, Ilan Goldberg, Olaf Blanke, and Shahar ArzyBrain 

system for mental orientation in space, time, and person PNAS 2015 112 (35) 11072-11077, 

doi.org/10.1073/pnas.1504242112 

Petitjean, M. (2022). Chirality in Affine Spaces and in Spacetime. Cornel Univ. arXiv:2203.04066 

[math-ph]. 2022. 

Petitjean, M. (2021). Chirality in Geometric Algebra. Mathematics (MDPI). Mathematics 2021, 9, 

1521, doi.org/10.3390/math9131521 

Pfister, H, and King, M. (2015). Inertia and gravitation: the fundamental nature and structure of space-

time. Heidelberg: Springer. 2015. 

[Pillai & Jirsa. 2017] Pillai, A.S. and Jirsa. V.K. Symmetry Breaking in Space-Time Hierarchies 

Shapes Brain Dynamics and Behavior. Neuron. 2017, 94(5), 1010-1026, doi: 

10.1016/j.neuron.2017.05.013 

Pizlo, Z. and de Barros, J. [ 2021). The Concept of Symmetry and the Theory of Perception. Front. 

Comput. Neurosci. 2021, doi.org/10.3389/fncom.2021.681162 

Polulyakh. V.P. Book. Physical Space and the World. Kindle Edition. 2012 

Pokorný, J. (1981) Space-time symmetry of vibration modes in biological systems. Physics Letters A 

1981, 85(8–9), 477-479, doi.org/10.1016/0375-9601(81)90444-8 

 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 21 October 2022                   doi:10.20944/preprints202210.0338.v1

https://doi.org/10.20944/preprints202210.0338.v1


Main-10-19-22- 
 

  

 

34 

Qadir, A. and Camci, U. (2022). Physical Significance of Noether Symmetries. Symmetry 2022, 14(3), 

476, doi.org/10.3390/sym14030476 

Ribó, J.M. (2017). David Hochberg, Joaquim Crusats, Zoubir El-Hachemi and Albert MoyanoReview. 

Spontaneous mirror symmetry breaking and origin of biological homochirality. J of the Royal Soc. 

Interface. 2017, 14(137), doi.org/10.1098/rsif.2017.0699 

Naaman, N.; Paltiel, Y.; Waldeck, D.H. (2022). Chiral Induced Spin Selectivity and Its Implications 

for Biological Functions. Annu Rev Biophys. 2022, 9(51), 99-114, doi: 10.1146/annurev-biophys-

083021-070400 

Rosenberg R.A. (2019). Electrochirogenesis: The Possible Role of Low-Energy Spin-Polarized 

Electrons in Creating Homochirality. Symmetry 2019, 11(4), 528, doi.org/10.3390/sym11040528  

Ross, L.N. (2021). Causal Concepts in Biology: How Pathways Differ from Mechanisms and Why It 

Matters. British Journal for the Philosophy of Science 2021, 72 (1):131-158, 

doi.org/10.1093/bjps/axy078 

Salam, S. Foreword by John C. Taylor. (2005). Unification of Fundamental Forces. By Abdus Salam. 

Foreword by John C. Taylor, Cambridge, UK: Cambridge University Press, 2005. 

Samokhvalov, S.E. (2020). About the symmetry of general relativity J. Geom. Symmetry Phys. 2020, 

55, 75—103, doi.org/10.7546/jgsp-55-2020-75-103 

Sinha, D, and Amaratunga, (2015). G.A.J. Spontaneous symmetry breaking. DOI: 

10.1093/oso/9780192844200.003.0014. Ch. 3 in the book Explicit Symmetry Breaking in 

Electrodynamic Systems and Electromagnetic Radiation Pages 3-1 to 3-16. Morgan & Claypool 

Publishers. 2015. 

Satir P. (2016). Chirality of the cytoskeleton in the origins of cellular asymmetry. Philos Trans R Soc 

Lond B Biol Sci. 2016, 371(1710), 20150408, doi: 10.1098/rstb.2015.0408 

 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 21 October 2022                   doi:10.20944/preprints202210.0338.v1

https://doi.org/10.20944/preprints202210.0338.v1


Main-10-19-22- 
 

  

 

35 

Senami, M. and Shimizu, T. (2020). Electron chirality in amino acid molecules. Physics Letters A. 

2020, 384(32), 126796, doi.org/10.1016/j.physleta.2020.126796 

Sevim, S.; Sorrenti, A.; Vale, J.P.; El-Hachemi, Z.; Pané, S.; Flouris, A.D.; Sotto Mayor, T.; 

Puigmartí-Luis, J. (2022). Chirality transfer from a 3D macro shape to the molecular level by 

controlling asymmetric secondary flows. Nature Communications, 2022, 13, 1766, doi: 

10.1038/s41467-022-29425-y 

Singh, D.; Mobed, N. and Papini, G. 2004. Helicity Precession of Spin-1/2 Particles in Weak Inertial 

and Gravitational Fields J. Phys. (2004), A37, 8329-8348, doi.org/10.1088/0305-4470/37/34/010, 

doi.org/10.48550/arXiv.hep-ph/0405296  

Signorelli, C.M.; Dündar-Coecke, S.; Wang, V. and Coecke, B. (2020). Cognitive Structures of Space-

Time. Front. Psychol. 2020, doi.org/10.3389/fpsyg.2020.527114 

Sinha C. & Gärdenfors P. (2015). Time, space, and events in language and cognition: a comparative 

view. Ann N Y Acad Sci. 2014, 1326:72-81. doi: 10.1111/nyas.12491 

Stedman G.E. (1983). Space‐time symmetries and photon selection rules. Am. J. of Physics 1983, 51, 

750, doi.org/10.1119/1.13161 

[SEP. 2020] Stanford Encyclopedia of Philosophy First publishec2008; substantive revision Mon Jun 

1, 2020 {https://plato.stanford.edu/entries/biology-philosophy/} 5. Philosophy of Molecular Biology. 

Stocke, K. (2014). The Theory of Cognitive Spacetime. Metaphor and Symbol 2014, 29(2):71-93, doi: 

10.1080/10926488.2014.889991 

Szabados, L. (2022). Symmetries in Stellar, Galactic, and Extragalactic Astronomy. Complex 

Symmetries 2022, 191–206, doi.org/10.1007/978-3-030-88059-0_15 

Takahashi, J. and Kobayashi, K. (2019). Review. Origin of Terrestrial Bioorganic Homochirality and 

Symmetry Breaking in the Universe. Symmetry (MDPI) 2019, 11, 919, doi:10.3390/sym11070919 

 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 21 October 2022                   doi:10.20944/preprints202210.0338.v1

https://doi.org/10.20944/preprints202210.0338.v1


Main-10-19-22- 
 

  

 

36 

Tamada, A. (2019). Chiral Neuronal Motility: The Missing Link between Molecular Chirality and 

Brain Asymmetry. Symmetry 2019, 11(1), 102, doi.org/10.3390/sym11010102 

Tasker, E. (2015). Why is life left-handed? The answer is in the stars. The Conversation 2015, 20 July 

2015, URL: http://theconversation.com/why-is-life-left-handed-the-answer-isin-the-stars-44862 

Toga, A.W. & Thompson, P.M. (2003). Mapping brain asymmetry. Nature Reviews Neuroscience 

2003 4, 37–48, doi.org/10.1038/nrn1009 

Torretti, R. (1983). Relativity and Geometry. Oxford: Pergamon Press. 1983. 

Quack, M. and Stohner, J. (2001). Molecular chirality and the fundamental symmetries of physics: 

influence of parity violation on rovibrational frequencies and thermodynamic properties, Chirality. 

2001, 13(10), 745-53, doi: 10.1002/chir.10025 

Vaccaro, J.A. (2016). Quantum asymmetry between time and space. Proceeding of the Royal Soc. A. 

Math, Phys. And Engineering Sc. 2016, 472(2185), doi.org/10.1098/rspa.2015.0670 

Valente, M.B. (2016). Time in the theory of relativity: inertial time, light clocks, and proper time. 

arXiv:1610.08131 [physics.hist-ph]  

Valeriy P.  (2005).  Book. Physical Space and the World. Kindle Edition. 2012. 

Book edited by James Van Cleve (Brown Univ.) and Robert E. Frederic (Bentley College). (1991) The 

Philosophy of Right and Left: Incongruent Counterparts and the Nature of Space Springer 

Science+Business Media, B.V. 1991 

Viazminsky. C.V. (2018). Framing Noether’s Theorem. Applied Mathematics 2014, 5(16), doi: 

10.4236/am.2018.93021    

Vilasi,G. and Vitale, P. (2002). On the SO (2,1) symmetry in General Relativity. Class. Quant. Grav. 

2002, 19, 3333-3340, doi.org/10.1088/0264-9381/19/12/31 

Voit, G.M. (2005). Tracing cosmic evolution with clusters of galaxies. Reviews of Modern Physics. 

2005, 77 (1), 207–258, doi.org/10.1103/RevModPhys.77.207  

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 21 October 2022                   doi:10.20944/preprints202210.0338.v1

https://doi.org/10.20944/preprints202210.0338.v1


Main-10-19-22- 
 

  

 

37 

Wang, W. (2022). Did bio-homochirality arise from spin-polarized electron? e-Print: 2202.04808 

[physics.chem-ph]. arXiv Biological Physics. 2022. 

Weizsacker, C.F.V. (1971). Kant’s First Analogy of experience and conservation principles of physics. 

Synthese 1971, 23, 75-95, doi.org/10.1007/BF00414146  

Winter, B.; Marghetis, T. and Matlock, T. (2015). Review. Of magnitudes and metaphors: Explaining 

cognitive interactions between space, time, and number. Cortex.2015, 209-2254, doi: 

10.1016/j.cortex.2014.10.015. 

Wolf, Y.I.; Katsnelson, M.I. and Koonin, E.V. (2018). Physical foundations of biological complexity. 

PNAS 2018, 115 (37) E8678-E8687, doi.org/10.1073/pnas.1807890115 

WWW. (2022). File: Chirality with hands.jpg from NASA . 2022. 

{https://commons.wikimedia.org/wiki/File:Chirality_with_hands.jpg} 

Xu, P.; Wang, Z. and Qiang, L-E. (2019). Towards constraining parity-violations in gravity with 

satellite gradiometry. Physics Letters B 2019,789, 378-386, doi.org/10.1016/j.physletb.2018.12.049   

Yao, X.; Wang, X. and Ding, J. 2021. Review. diracration of possible cell chirality using material 

techniques of surface patterning. Acta Biomaterialia 2021, 126, 92-108, doi.org/10. 

Yamada, K. and Tanaka, T. (2022(. Parametrized test of parity-violating gravity using GWTC-1 events. 

Prog. Theor. Exp. Phys. 2020, 093E01, doi.org/10.1093/ptep/ptaa103 

Yum Y. and Rebek, J. (2020). Confined molecules: experiment meets theory in small spaces. Q Rev 

Biophys. 2020, 53:e6, doi: 10.1017/S0033583520000049.  

Zhang, Q.; Crespi, S.; Toyoda, R.; Costil, R.;Browne, W.R.; Qu, D-H..; Tian, H. and Feringa, B.L. 

(2022). Stereodivergent Chirality Transfer by Noncovalent Control of Disulfide Bonds. J. Am. Chem. 

Soc. (JACS) 2022, 144, 10, 4376–4382 doi.org/10.1021/jacs.1c10000 

[Znojil. 2004] Znojil, M. Fragile 𝒫𝒯-symmetry in a solvable model. J. Math. Phys. 2004, 45, 4418, 

doi.org/10.1063/1.1803928 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 21 October 2022                   doi:10.20944/preprints202210.0338.v1

https://commons.wikimedia.org/wiki/File:Chirality_with_hands.jpg
https://doi.org/10.20944/preprints202210.0338.v1

