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Abstract: We reintroduce logophysics based on self-referential torsion fields and the Klein
bottle (KB) logic, which unifies the objective and subjective realms. We apply it to biology,
particularly allosterics and the genetic code. We reveal several topologies of the genetic
code and its bioinformatics codification, in particular the hyper Klein bottle (HKB) surface.
We relate it to the Universal Rewrite System, the Code of Nature, and Dirac algebra We
find that the double helix is unnecessary in this setting, and elaborate the ontology of 3D
with regards to time, multistable perception, and a topological (lawless) form of Newton’s
Third Law. We present the key ideas for alogophysical theory for contextual evolution.
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I ntroduction: Topological Stereochemistry, Allosterics & DNA

A logophysical theory surmounting the conception that separates the objective and
subjective realms (Cartesian Cut), based upon Klein Bottle logic (kBL) and torsion fields
was proposed in [22,23], and applied to cell biology and embryology [20]. The objective of
this article is to extend this conception to the genetic code (GC) and its bioinformatic
coding, and to the Nilpotent Universal Computational Rewrite System (NUCRS) [12,25], a
unifying language for mathematics, physics and the GC. A crucial role was ascribed to
topological stereochemical (molecular configurational) changes in chemistry and cell
biology, in which the Moebius band (MB) and the KB (from now on we may not explicit a
distinction between the surface and the logic as they are fused, as we shall see next), acting
in the cell’s membrane adhesion cites for integrines, may be related to the logophysical
onset of embryonic wave differentiation.These are crucial molecules for the self-
organization and self-regulation of the cell through its quantum tensegrity structure that
extends outside of the cell to the extracellular matrix, conforming thus an holonomic living
matrix, in which quantum-topological superposition and holography are at the roots of cell
biology [20]. The living matrix appears to act as a perceptual self-transforming system,in
relation with the environment. Topological transformations of molecules and the cell’s
living matrix, are conceptually similar to the allosteric effect, which is regulatory, and is
transmitted over a distance (alike entanglement, either topological or quantum, which in the
KBL are related [22,23,40]) within a protein, by which the binding of an effector in one site
will change the catalytic behaviour of an enzyme or the binding affinity of a binding
protein in adifferent part of the biomolecule. Conformational changes, say enzyme-substra-
te, antibody-antigen,protein-protein complexes, of protein to DNA, are essential to the



mutual recognition of biomolecules.The classic example is haemoglobin where binding of
oxygen to one of the four subunits arranged at the vertices of a tetrahedron around an axis
of two-fold symmetry (alike the DNA single strand of the NUCRS), increases the affinity of the
others; remarkably, haemoglobin undergoes a crucial topological transformations that
allows it to phagocyte. Thus, Outside is turned Inside,as is the case of the living matrix and
the KB [20]; since the human brain originates from the neural ectoderm, this generic
interiorization establishes the individual’s relation with the environment [23,48]. Thus, a
KBl molecular topology, can produce quantum coherences by establishing a logophysical
recognition in which interior and environment are unified, through quantum (particularly
nilpotent) logical gates[22,23,40]; these topological changes produce biochemiluminisence
(biophotons) [20]. We shall see below that the GC, stems from the logophysical recognition
of these logical gates. Mechanical recognition is the case of enzymes in the key and lock
model proposed by Emil Fischer, in which there is a perfect conformational
complementarity; even here the matching is not an artefact of the parts ("the whole is more
than the sum of its parts’, rather different!) but the KB holonomy of their logophysical
integration. A dynamical modification to the lock and key model appeared, the induced-fit
(IF) [15]: Since enzymes are flexible structures, the active site is continually reshaped by
interactions with the substrate as the substrate interacts with the enzyme, alike to the
behaviour of the cell’s membrane with respect to the cytoskeleton and the extracelular
matrix [20].Yet, while the IF was based upon geometrical and topological related
(orientability) issues, the discovery of natively unfolded proteins, i.e. protein systems that
perform their physiological role without the need of acquiring a well defined 3D structure
[15], lead to enlarge the idea of ‘structure’ from a specific geometrical pattern to a
dynamical non unique configuration [9]. These adaptable stereochemical modifications [29]
point out to the biological importance of topological changes [20]. This is analogous to the
link existing between the topological representation of a given network (its wiring diagram,
corresponding to the crystal structure of the protein) and the dynamics of the network itself
that are supported (but not barely coincident) with its topology [9], alike to the
differentiation waves acting to the cell’s tensegrity structure, on which the quantum wave
propagation produces embryological development [20]. We notice the striking similarity
with the modification of the living matrix with regards to the environment, which we
interpreted in terms of the KBL [20]. In that work we contested the dualistic approach
implicit to the rigid cathegorization of cell biology and phenotypical transformations
derived from an Outside/Inside dual logic, which haemoglobin phagocytosis disproofs, yet
is pervasive to biology, even in alledgedly radical revisions from classical physics [20].
Indeed, the KB has no separation between inside and environment, due to its self-
containment; see Fig. 1 below. As a result, the substrate does not simply bind to a rigid
active site; the aminoacid side chains which make up the active site are molded into the
precise positions that enable the enzyme to perform its catalytic function, evidencing a
design-oriented change which the present logophysical paradigm associates with the TIME
operator [20,23]. IF may enhance the fidelity of molecular recognition in the presence of
competition and noise via the conformational proofreading mechanism [9]; yet, what we
interpret as "noise” might be interpreted as geometrically structured signaling [46], in a
nested heterarchy of KBs [20,23]; this applies as well to evolution. Robustness of DNA and
embryological differentiation, in spite of "noise’, is the very signature of the KBL; its in-
formational Hadamard matrix representation, central to quantum computation [22,23,40], is



the basis for error-correcting digital communications [18], and quantum self-correcting
codes in the Matrix Logic of the KBL [22,40]. This robustness is apparent also in the KB
topographic map of the sensorium [23] and in the persistent homology of shapes of higher-
dimensional data of digital photographs of natura sceneries, when processed in terms of
depth-enhancing (i.e. time operation; we shall retrieve this below!) filtering, that evidences
a hidden KB, as a universal gestalt [10]. The topological embodiment of this coupling of an
object (say, molecule, cell, etc) to the environment is difficult to identify since the integrity
of these entities under study may change their structure beyond recognition; the same
problem is encountered with molecules [29]. Y&, catenoid deoxyribonucleic acids in the
mitochondria of several cells (catenanes are topologically-mechanically-interlocked
molecular architectures, consisting of two or more interlocked macrocycles), are pervasive
to organic chemistry and DNA [26]. A mechanism for the biogenesis of catenoid DNA on the
basis of the MB [35] and for the construction of MB DNA were proposed [4]. If a MB twisted
n timesis cut along the midline, catenanes are formed whenever n is an even number; when
n isunity, asingle ring is obtained with a double circumference; other odd values of ) yield
various knots [5,7]. The replication of MB DNA, which is equivalent to this ditting, naturally
yields catenoid & knotted macromolecules. Topological operations on DNA, are the core of
cutting-edge synthetic nanobiology technologies [28] and in metamaterials [11]. Through
topological and self-assembling operations upon DNA material, catenanes, rotaxanes and
knots are produced [38], in which tensegrity structures having multivalued logic enantiomer
configurations (as in Fig. 3 below), have a central role [22]. Hereon, we shall deal with the
topologies and informatics of DNA in the setting of topological stereochemistry and the KB.

The Klein Bottle, Stereochemistry, the Genetic Code and I nfor matics
We depart from alogical-numerical representation of the KBL in Figure no. 1.

Outside-Outside: 00

Outside-Inside: 01

Self-penetration RN

Inside-Outside: 10 Inside-Inside: 11

in which we have identified four states by assigning O with Outside, 1 with Inside, so that
the states are: Outside-Outside, which we write as 00, the Inside-Inside, 11, and two
transitional states arising from self-penetration, Outside-Inside, 01, and Inside-Outside.
This does not conform a dual logic. Indeed, we think of the above elements, ab, as ordered
pairs [a,b], say the elements 00=[0,0]:= O, [1,0] =i, [0,1] =), 11=[1,1] = 1, with the



definitions[a,b] + [c,d] = [at+c,b+d], [ab][c,d] =[ac,bd], [a,b]’ =[b’,&], with(&)'=a, aa=
a ata= afor al a=0or 1, and @ is the operation of changing side of the boundary of self-
penetration, hence: 0’= 1, 1’= 0, as if self-penetration would not be the origin of the
boundary, i.e. Aristotelian-Boolean logic. Theni’ =i, =j,andij =0, sothat i & | are
non-trivial nilpotents. We have mapped the topological states of the KB into a 4-state de
Morgan algebra which is not trivial since Outside, O, is different to Inside, 1 [14]; thisis a
new representation for the KBL, from which Matrix Logics —that has quantum fuzzy and
Boolean logics as subcases- is derived [22,41]. We notice that i and | are the imaginary
time-waves [14,22] that appeared as imaginary logical values in the Calculus of
Distinctions [30]; we here see explicitly their association with the KB self-penetration. In
topological phenomenological philosophy [24], only three states were considered, the
container (Outside-Outside) that no longer corresponds to the Cartesian exterior space
where objects- the Inside-Inside- are contained in, which is the usual take on space, and the
uncontained (KB neck) realizing the depth dimension of self-penetration, associated to time
[22,23,24]. An identical 3-state logic was provided in [32], in which there is a single
reentrance of the form on itself, the archetypical Ouroboros. Yet, the distinction between
the two states of self-penetration transiting between Outside and Inside, according to which
is the departing state, renders the direction of self-penetration a necessary distinction by
itself accounted by i and j. We relate this 4-state logic to the four letters, A, T (or U), G and
C, of the cc, following a combinatoric-algebraic approach [18,19], by considering the 2x2
matrix (table)

0 1
0[Co00 [ADO1
(0 [(D)
1ju1o [G11
(1) (2

which we denote as [C,A;U,G], or dill, P(1). We have written in parentheses the decimal
interpretations of the elements of the logic; while the pairs 00,01,10,11 will be interpreted
in the following —for computational reasons- as binary numbers (with modulo 2 sum) rather
than elements of the de Morgan algebra. We shall introduce another distinctions that will be
crucial to the topological theory of the cc. We know from [22,30] that the invocation of a
distinction, is tantamount to invoke through the self-entrance of a form produced by this
distinction (as a boundary/cleavage, which as an operator we denoted as') akB, and in fact
as we shall be considering three distinctions, we shall be bringing to manifestation an
hyperKlein Bottle (HKB), as nested KBs. They are produced by three subalphabets of the GC
[33,18], introduced in terms of pairs of attributes and their lacking (“antiattributes),
described succintly in Fig.2 below and by the following subalphabets:

Subalphabet No.1: 0 will code for pyrimidines (one ring in a molecule), 1 will code
for non-pyrimidines, i.e. purines (two rings in a molecule), transcribed by C = U/T =0, A=
G=L

Subalphabet No. 2: amino-mutating or non-amino-mutating under action of nitrous acid
HNO2[36]; the same division is given by the attributes “keto”or “amino” [34], so that O stands for
a letter with amino-mutating property (amino), 1 aletter without it (keto), C=A=0,G =
UiT=1




Subalphabet No.3: 0 aletter with three hydrogen bonds, 1 a letter with two
hydrogen bonds; C=G=0, A=U/T = 1, thisis the usual subalphabet.

These distinctions introduces further multivaluedness in the topological codification
of the KBI, —yet we shall not tag them with a symbol to distinguish which is the subal phabet
they stand for- treating them as binary numbers so that we take O (Outside), 1 (Inside); their
multivaluedness with respect to the subalphabets will manifest in the kB and HKB that will
appear in the cc. In the sequel, the original interpretation of the matrix elements of p(1) by
ordered pairs, say C = 00 (Outside-Outside), will correspond to the concatenation of the
first digit corresponding to No.1, the second digit to No.2. Thus already we have introduced
insde the KB additional KB distinctions, an HKB as nested KBs, evidencing a polysemic and
polysemantic character of the cc as an heterarchy composed by the KB associated to
different subalphabets indicating the codification of distinct characters. This is illustrated
in Fig.2 below. Recalling our previous discussions on the coexistence of orientable and
non-orientable topologies for molecules (without breaking of any chemical bonds) [29], we
shall see next that these subalphabets, produce the same coexistence, for the cc. We
consider the 4x4 matrix, P(2) = [C,A;U,G](2), the two-fold tensor (Kronecker [8]) self-pro-
duct of [C,A,U,G] , i.e P(2) =[CP(1), AP(1);UP(1),GP(1)], the 4x4 matrix (table) of all 2plets

C 00 (0) A 0L (1) U 10 (2) G 11(3)
C 00 (0) CC 0000 (0) | CA 0001 (1) |AC 0010 (2) |AA 0011 (3)
A 0L (1) CU 0100 (4) |CG 0101 (5) | AU 0110 (6) | AG 0111 (7)
U 10 (2) UC 1000 (8) | UA 1001 (9) | GC 1010 (10) | GA 1011 (11)
G 11 (3) UU 1100 (12) | UG 1101 (13) | GU 1110 (14) | GG 1111 (15)

We finally compute the 3-fold tensor self-product, [C,A,U,G](3), i.e. the 8x8 matrix P(3) =
[CP(2), AP(2) ; UP(2), GP(2) ], of all triplets, which we present as the table:

000(0) | 001(1) |010(2) | 011(3) |100(4) |101(5) |110(6) |112(7)
000 | CCC( 0) CCA(1) CAC( 2) CAA( 3) ACC (4) | ACA(5) AAC( 6) AAA(7)
(0) | 00000 000001 | 000010 | 000011 | 000100 | 000101 | 000110 | OOO111
Pro Pro Hi s Gn Thr Thr Asn Lys
011 | CCY( 8) CCE 9) CAU(10) | CAG(11) | ACY(12) | ACE 13) | AAU(14) | AAG 15)
(1) { 011000 | 011001 | 011010 | 011011 | 011100 | 0112101 | 011110 | 011111
Pro Pro Hi s An Thr Thr Asn Lys
010 | CUC(16) | CUA(17) | CGO(18) | CGA(19) | AUC(20) | AUA(21) | AGC(22) | AGA(23)
(2) | 010000 | 010001 | 010010 | 010011 | 010100 | 010101 | 010110 | 010111
Leu Leu Arg Arg I'le Met Ser St op
011 | CUY(24) | CUE 25) | CAY(26) | CGE 27) | AUY(28) | AUF 29) | AGU 30) | AGH 31)
(3) | 011000 | 011001 | 011010 | 011011 | 011100 | 0112101 | 011110 | 011111
Leu Leu Arg Arg Ile Met Ser St op
100 | UCC(32) | UCA(33) | UAC(34) | UAA(35) | GCC(36) | GCA(37) | GAC(38) | GAA(39)
(4) | 100000 | 100001 | 100010 | 100011 | 100100 | 100101 | 100110 | 100111
Ser Ser Tyr St op Al a Al a Asp Gu
101 | UCY(40) | UCE 41) | UAU(42) | UAQ 43) | GCU(44) | GCE 45) | GAU(46) | GAG 47)
(5) | 101000 | 101001 | 101010 | 101011 | 1011200 | 1012101 | 101110 | 101111
Ser Ser Tyr St op Al a Al a Asp du
110 | UUC(48) | UUA(49) | UGC(50) | UGA(51) | GUC(52) | GUA(53) | GGC(54) | GGA(55)
(6) | 110000 | 110001 | 110010 | 110011 | 110100 | 110101 | 110110 | 110111
Phe Leu Cys Trp Val Val Ay Ay
111 | UUY(56) | UUE 57) | UG 58) | UGH 59) | GUU 60) | GUGE 61) | GBY(62) | GO 63)
(7) | 111000 | 111001 | 111010 | 111011 | 111100 | 1112101 | 111110 | 111111
Phe Leu Cys Trp Val Val Ay dy




In the above figure we have represented the 64 codon triplets in which we have also
written their decimal (in parenthesis) and binary representations, and written the
abbreviations for the aminoacids synthetized by them. Each of the 64 triplets has been
individualized uniquely by a number consisting of the concatenation of six binary digits,
the first three coming from the rows correspond to the No.1 codification, while the last
three binary digits provided by the corresponding column codifies according to No.2; for
example, triplet CAU is codified by the binary number 001010, where the first three digits
001 corresponds to the No.1 assignment for CAU whilst the last three digits 010,
corresponds to the No.2 assignment; the decimal notation for the concatenation 001010 is
10. Remarkably, each pair codon-anticodon (and only such pair) has the sum of their
decimal numbers equal to 63 (111111, in binary notation), say CAU which is 10 its
anticodon GUA has the decimal number 53. We note that No.3 transcriptions of C with G,
and A with U(T), are completely determined by the other two subalphabets, as shown in
Fig. 2 below, and correspond to the mutual transcriptions of Outside-Outside/ Inside-Inside,
and of the time waves Outside-Inside/Inside-Outside, and they correspond to the binary-
opposition attribute by which the former (latter) correspond to three (two) hydrogen bonds.
This genomatrix has surprisingly rich symmetry properties which invite to topological
interpretations, which we shall realize next. They further indicate relations with
hypernumbers and 8-fold symmetries structures which also appear in Matrix Logic [40] and
NUCRS, 5-fold Fibonacci structures (also essential to both NUCRS and torsion fields), chrono-
mes [22,23], and in particular, a music translation of the GC, in an epochal unified approach
[18,19]. Firstly, we have both symmetries along the rows & columns due to No.1 & No.2,
respectively, and thus we have, with respect to them, an associated 2-torus; see Fig. 2
below. We note that the columns correspond to the classical octets reflecting biochemical
properties of elements of the GC [35]. Secondly, it is bisymmetric (with respect to No.3),
i.e. symmetric with respect to both diagonals, say UUC which is the matrix element
corresponding to 7th line and first column has the anticodon AAG in 7th line and 1st
column. Hence, we have MBs with either chirality, produced by 180° rotation about the
central vertical line and identification oppositewise, so that superposed on the non-
orientable topology, we have all the codon-anticodon pairs, with each codon having its
superposed pair that can be thought as positioned on the “other” side of the band; say we
have UUC, UUA, UGC & UGA superposed to AAG, AAU, ACG & ACU, respectively.
This isthe MB topologies of the genomatrix P(3). If we further consider now the (No.2-wise)
column symmetry, we finally obtain a KB by further topological identification. Yet, it is
more than a single KB, but four of them, produced by the superposed 1st/8th, 2nd/7th,
3rd/6th, 4th/5th columns, with the first element of each superposition inverted (the
equivalent of DH antiparallelism) with respect to the second, yet embedded in a single KB
given by the 64 triplets. an HKB. Finally we can use the row No.1 subalphabet to produce a
folding of the genomatrix along its horizontal middle line, which further using the diagonal
bisymmetry we produce a second HKB with four others embedded given now by the
superposed rows 1s/8th, 2nd/7th,3rd/6th, 4th/5th, with the same inversion as before.



Figs. 2 & 3, respectively: In Fig.2 the lines stand for transcription and the
subalphabet by which each operates is the number attached to it; it also provides the
symmetries of genomatrixes for coding sequences of arbitrary length, and their topologies.
Folding for topological identification according to these symmetries, say No3. yields MB of
both chiralities, which followed by either No.2 or No.1 yields the KB; the combination of
No.1 with No.2 yields a 2-torus In the right hand side of the MB Fig. 3, we have drawn the
Fischer formula for D-lactic acid which if we continue on the surface to the “other"side we
obtain the L-form drawn displaced to the left for allowing its vision; for the genomatrix we
have instead the four superpositions of either the pairs of opposed rows (columns) with say
each first element opposed to the second drawn on the surface which is a quantum
interface.For the Mendeleev table we have instead a superposition of each atom in "matter”/
“antimatter”-duplets, superposed on the MB, fig. 2.1 in [3]. The inversion of each element of
apair of rowsor columns mandated by No3., plays the role of the antiparallelism in the DH.

We have thus found two fractal HKB structures in the genomatrix P(3), and recursi-
vely in P(n) = [CP(n-1), AP(n-1); UP(n-1), GP(n-1)], for arbitrary natural n, according to the choi-
ces of No.1/No.3, i.e. the choice of attributes pyramidine-pyrimine/hydrogen atoms, and
No.2/No.3, i.e. amino-keto/hydrogen atoms, in the GC arising from the KBL, and we also
have a 2-torus by using Nol. & No.2; as we can easily visualize from the definition of the
tensor product, it produces the fractality which reproduces the origina (i.e. n= 1)
topological identification introduced in Fig.1.We remark again, this has surfaced from a
simultaneous double interpretation which is both perceptual, conceptual and operational—
i.e establishing and reading three subalphabets for transcription, which combined in pairs
produces the remaining one; this trascends the usual approach to the genetic code as well as
the combinatorial one [18,19]; these topologies apply as well to the codification of the
sequences of n letters by 2n digits. The information content in each interior KB to the HKB is
not the same as the one contained by its neighbours. Also, in the transition from P(2) to P(3)
or, more generally, from P(n-1) to P(n), in which the latter represents n-plets with 2n binary
digits, with the first n digits codifying subalphabet No.1, the last n digits codifying subalphabet
No.2, there is an embedding so that the information of the (n-1)-pletsis carried into the n-
plets, as a kind of memory of self-referential action (self-multiplication). Again, P(n), for
arbitrary n, also presents the same symmetries of P(n-1), and ultimately those of P(2), and
thus we found the same coexistence of topologies of the genomatrix, according to which of
the three pairs of attributes are considered, for n-plets of arbitrary length. We have thus
unveiled in the GC the same situation of polytopologies (we recall that also DNA is
polygeometrical) that appears already in topological stereochemistry [29] which we
claimed to be essential to cell biology and to embryological development, and a fortiori, to
evolution [20]. If one should construct the catalog of genetic sequences of various lengths



and composition, it can be done on the basis of the described natural system of numbering
the sequences as multiplets. All n-plets, which begin with one of the four letters C, A, U, G,
are disposed in one of the four quadrants of an appropriate genomatrix P(n) because of the
specifics of tensor multiplication. Thus, the codon-anticodon sequence of arbitrary length n,
when considering pairs of subalphabets, corresponds to a path on either two fractal HKB, or
a 2-torus, given by P(n). This construction does not require the assumption of the double
helix (DH); the latter is bound to one single subal phabet which is already evident in the No.3
reading of P(n) which instead yields a MB.A MB model for circular genetic code was
proposed [4], yet to our knowledge, this has not been the case for a KB structure [7]. These
findings, appear to give further support to the unifying paradigm for chemistry [5], that
claims that the topology of molecules, are crucial to their stereochemical configuration [29],
which we have suggested to be crucial as well to dlosterics, cell biology and embryological
differentiation [20].A KB model of DNA, may explain why only a single 5’-3’ polymerase
has been found so far, so that the antiparallel 3’-5’ invoked by the DH, was early in the
history of the GC claimed to be unnecessary for transcription for closed DNA[4], a particular
case to the one here unveiled. We recall that the two strands that make up the DH, each
have a stereochemical orientation -the so-called 5'-3'- orientation, by which each phosphate
group in a strand joins the 5' carbon of one sugar to the 3' carbon of the next. This
orientation must be the same for every phosphate group within a strand, which imparts a
directionality to the strand as a whole. The two strands of the B-form duplex are oriented so
their 5'-3' directions are antiparallel in the DH. Consequently, DH DNA molecules can be
closed into a circle only by joining together the ends of each of the two individual strand.
Circularization by joining the ends of two strands to form the MB is forbidden because the
bonds required would violate the conservation of 5-3' directionality [2]. All that said, this
claimed to-be Nature’s prohibition appears not to have been realized [36] remarking the
preeminence of the topological being of stereochemistry, rather than the geometrical one.
Starting with DNA material and through folding and “sticky ends™ (i.e. single strands,
consistently with the present findings and [4]), opposite chirality MBs have been produced
[11] and through joining their sides the KB can be realized; paradoxically, the DNA model
advocated by this authors is the DH. So in principle, a biochip that may embody the KBL as
the logic for quantum computation with self-correcting codes [22,40], is reachable [37]. We
note that the crossover effect present at the core of the KB and consequently in the GC, is at
the basis of morpho-functional structures in the human organism, such as the crosswise
connection of brain hemispheres with the left and the right halves of a human body, of
chromosomes, the crosswise gestalt of optic nerves from eyes in the brain [1] and visual
synchronization [23,42], etc. There is another HKB fractal structure for the genetic code that
is produced departing from another matrix representation for the KB, namely consider the
Hadamard matrix H(2) =[C,A,U,G] =[1, 1; -1, 1], H(4) and H(8), the 2 and 3-times tensor
self-product of H, respectively,

H2") [HE"Y
H(2Y = -H(2YY) | H2M

HQ)=|[-1 [t ]: HO=[-1]-1]1







