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Abstract

The first information system emerged on the earth as primordial version of the genetic code and genetic texts. The natural
appearance of arithmetic power in such a linguistic milieu is theoretically possible and practical for producing information
systems of extremely high efficiency. In this case, the arithmetic symbols should be incorporated into an alphabet, i.e. the genetic
code. A number is the fundamental arithmetic symbol produced by the system of numeration. If the system of numeration were
detected inside the genetic code, it would be natural to expect that its purpose is arithmetic calculation e.g., for the sake of
control, safety, and precise alteration of the genetic texts. The nucleons of amino acids and the bases of nucleic acids seem most
suitable for embodiments of digits. These assumptions were used for the analyzing the genetic code.

The compressed, life-size, and split representation of theEscherichia coliandEuplotes octocarinatuscode versions were
considered simultaneously. An exact equilibration of the nucleon sums of the amino acid standard blocks and/or side chains
was found repeatedly within specified sets of the genetic code. Moreover, the digital notations of the balanced sums acquired, in
decimalrepresentation, the unique form 111, 222,. . . , 999. This form is a consequence of the criterion of divisibility by 037. The
criterion could simplify some computing mechanism of a cell if any and facilitate its computational procedure. The cooperative
symmetry of the genetic code demonstrates that possibly a zero was invented and used by this mechanism. Such organization of
the genetic code could be explained by activities of some hypothetical molecular organelles working as natural biocomputers of
digital genetic texts.

It is well known that if mutation replaces an amino acid, the change of hydrophobicity is generally weak, while that of size is
strong. The antisymmetrical correlation between the amino acid size and the degeneracy number is known as well. It is shown
that these and some other familiar properties may be a physicochemical effect of arithmetic inside the genetic code.

The “frozen accident” model, giving unlimited freedom to the mapping function, could optimally support the appearance of
both arithmetic symbols and physicochemical protection inside the genetic code.
© 2003 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Arithmetic is the only tool for producing informa-
tion systems of extremely high efficiency. Could life,
being an information phenomenon, use arithmetic for
the sake of control, safety, and precise alterations of
its genetic texts? To answer this question, we can
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resort to a similarity among genetic, ordinary, and
algorithmic languages (Eigen and Winkler, 1985).

Ordinary languages fuse the letters and digits into
a common alphabet of signs. A meaning is mapped
onto these signs by virtue of linguistic condition of
abstract character (Yockey, 2000). For digits, this
condition contains the numeration system. The only
reason for the numeration system to appear is for
arithmetic calculations. Hence, the presence of the
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numeration system inside the alphabet of some lan-
guage can be an indication that users of that language
know and employ arithmetic.

The genetic code is asui generisalphabet of ge-
netic texts. The digital nature of these texts was noted
for various reasons (Gamow, 1954; Yockey, 1992,
2000), however, computing has not been noted in
genetic text. As regards to amino acids, their digital
nature is not clear. Hydrophobicity—an important
property of the amino acids—can hardly be digitized
(Jiménez-Montaño, 1993; Siemion, 1994). That is
why we have to discern a more fine and invariable em-
bodiment of a digit in amino acids. Thus, the nucleons
of amino acids, i.e. an equivalent of their mass, and the
bases of genetic supermolecules (Gamow, 1954) seem
more suitable for “balls” of a biological “abacus”.

An arithmetic power in the linguistic milieu of ge-
netics is possible. Theartificial biocomputers working
by using the genetic supermolecules were discussed
theoretically and tested experimentally (Adleman,
1994; Chen and Wood, 2000; Faulhammer et al.,
2000). Continuing such ideas, one may assume that
natural computing can exist as well. For instance,
such a computing could be essence of exact gene
processing and scrambling (Landweber and Gilbert,
1993; Landweber et al., 2000). If that is the case,
some cell organelles should work as biocomputers.
Thereby, we have to discover the number systems
with which they work. We can imagine that at the
moment of the origin of the arithmetic power, the bio-
computers modified the genetic code itself. Indeed,
any given alphabet and the genetic code in particular
should somehow correspond to the selected number
system. Moreover, the ordinary computers suggest
that some useful feature of the number system can
totally predetermine genetic “soft hardware”.

The number system is not a physicochemical
property and, hence, only our mind can discern this
arithmetic abstract. It was noted that the genetic code
has much in common with the ASCII code (Yockey,
2000), which is computer alphabet of algorithmic
languages. Binary-numerated and sequenced ASCII
symbols reproduce, in turn, the natural series of the
Arabic numerals, starting with a zero, as well as
alphabetically, i.e. semantically, arranged Roman let-
ters. In that way, the linguistic essence as well as
internal binary and decimal arithmetic of the ASCII
code become apparent.

Could the similarly arranged genetic code have
analogous regulation? Specifying some relevant code
sets,Gamow (1954), Rumer (1966), and Hasegawa
and Miyata (1980)did not suppose that some ele-
ments of these sets emphasize the decimal notation of
the positional number system. Moreover, remarkable
physical relations support this arithmetic abstract.
As shown below, “decimalization” is superposed
perfectly onto the numerous exact balances of the
nucleons as well as onto the semantic symmetry of
the triplets, a zero also acts as a special number.

When we think of the genetic code, we usually
visualize certain physicochemical structures and their
interactions (Knight et al., 1999) or ask for some
physical relations among them (Sukhodolets, 1989;
Rosen, 1999). Although these are burning issues, it
seems that the genetic code is connected more closely
to abstract notions of arithmetic than with notions of
physics or chemistry. Let us give detailed reasons for
that.

2. A few relevant images of the genetic code

The universal genetic code is shown inFig. 1. From
the mathematical viewpoint, it is the mapping func-
tion f:T → A,S of the 64 base triplets (T) and 20
l-α-amino acids (A) with two syntactic signsStart
and Stop (S). The compressedrepresentation of the
genetic code is formed by the series of synonymic
triplets whose 3′ bases are compressed on the 1:D
scale; whereD is the degeneracy numbers IV, III, II, I
(Fig. 1a).

The life-size representation includes 64 pairs of
the triplet-amino acidand triplet-syntactic signtype
(Fig. 1b). The regular degeneracy and universal triplet
are the general ordering of the genetic code, which
have not had a plausible explanation until now.

Thesplit representation (Fig. 1c) completes antisy-
mmetrically its compressed form. The split represen-
tation is made up of four base types with 48 identical
molecules of each type. The simple rule maps 192
separate bases onto 20 amino acids and 2 syntactic
signs. The separate bases can be transformed inversely
into triplets by the conditions specified inFigs. 3 and
6–14.

Let us consider two versions of the genetic code.
These are the commonly acceptedEscherichia coli
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Fig. 1. The universal genetic code. There are theE. coli code version with the TGY-Cys, TGA-StopI series and theE. octocarinatuscode
version with the TGH-Cys series. (a) The compressed representation of the genetic code includes the synonymic series whose 3′ bases
are compressed mathematically to the 1:D scale, whereD is the degeneracy number. (b) The life-size genetic code representation includes
64 triplets, onto which 20 amino acids and 2 syntactic signs,Start and Stop, are mapped. (c) The split genetic code representation places
four types of the nitrogen bases outside their triplets. The separate bases are combined into four sets. The amino acids and syntactic signs
are mapped onto these bases by the rule that is demonstrated for the 5′ TG fragment of theE. coli version of the genetic code. The
direction from the 5′ to 3′ position coincides with the top-to-bottom direction (this manner of writing allows some new code symmetries
to be shown graphically).

version with the TGY-Cys, TGA-StopI series and the
Euplotes octocarinatusversion with the TGH-Cys se-
ries (Marshal et al., 1967; Meyer et al., 1991; Tan
and Heckmann, 1998; Grimm et al., 1998; Tan et al.,
1999). Only the canonical 20 amino acids are stud-
ied. Their ionized forms, post-translational modifica-
tions, as well as the cotranslational incorporation of
the SeCys amino acid are beyond the scope of this
work.

Rumer (1966)partitioned the six time degenerated
series into the degeneracy II and IV series and gath-
ered the “complete” series of degeneracy IV into one

set and the “broken” series into the other (Fig. 2a).
Note that each of these sets gets the same number of
the life-size triplets, which are mapped in aone-to-one
manner by the unique Rumer’s TCAG→ GACT
transformation or by combined TCAG→ CTGA and
TCAG → AGTC transformation (Fig. 3; Shcherbak,
1989a; Karasev and Sorokin, 1997). These transfor-
mations form an algebraically closed Abelian group
of order 4, denoted below by V. Although each of
these transformations can act independently or be ab-
sent, they constitute an ordered assembly.Dankwerts
and Neubert (1975), Bertman and Jungck (1979),
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Fig. 2. TheRumer’s (1966)division of the compressed genetic code (a) and three bisections (b), (c), and (d) suggested byKonopelchenko
and Rumer (1975). Wide bordering shows the common series of the bisection (c) and (d) for the sake of regularities inFig. 8. The
E. octocarinatuscode version is used for the representation of the compressed genetic code here and in the figures below because the
degeneracy is distributed symmetrically among its series.

Jiménez-Montaño et al. (1996), Zhang (1997), and
Jiménez-Montaño (1999)considered the group struc-
ture of the genetic code in this aspect.

Konopelchenko and Rumer (1975)noted otheruni-
versal bisections of the compressed code. The uni-
versality means the simultaneous bisection of the 64
life-size triplets, 8 “complete”, and 16 “broken” se-
ries, as well as the correspondence of the bisection
axes to the transformations of group V. Due to natural
distribution of the degeneracy, there are only two such
5′ bisections (Fig. 2b and c) and the uniqueCenter
bisection (Fig. 2d).

Gamow (1954)suggested one significant division
of the 64 life-size triplets. He divided the triplets de-
pending on the composition of identical and unique

bases, regardless of their types and positions in the
triplets (Fig. 4).

3. The number system is attribute of computing

If the number system were in the sets specified
above, it could be disclosed by means of some feature
of natural numbers produced by the system itself. The
consequences of Pascal’s general criterion of divisibil-
ity are but few of such features. Ordinary computers
use the binary notation and even parity, i.e. divisibil-
ity by 2, as an accuracy control. Similarly, a cell could
use the perfect positional system with enough small
radix and some criterion of divisibility by the number
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Fig. 3. TheRumer’s (1966)division. The series of degeneracy IV and III, II, I are distributed among the two sets in the 1:2 ratios whereas
the life-size triplets are bisected. The triplets are mapped either by the Rumer’s unique transformation or by the combination of two other
transformations of group V. The graphic representation of the genetic code images itsE. octocarinatusversion; the revealed regularities
are also true for theE. coli version.

Fig. 4. The Gamow’s division of the 64 life-size triplets. The triplets are divided into three sets depending on the base composition of
the triplets. Twenty possible combinations of four bases, three at a time, are placed on triangular substrates. Each of the combinations
generates some fixed triplets. (a) Triplets with two identical bases and one unique base form the largest set. (b) As regards to the other
two sets, the first one comprises the identical base triplets, while the second one—antisymmetrically—comprises the unique base triplets.
Pairs of circular arrows showSpin→ Antispin transformation.
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Fig. 5. Consequences of Pascal’s general criterion of divisibility for three-digit numbers of the decimal and quaternary system that are
divided by the PQ 037 and PQ 0134 = 7, respectively. Digital sequences of these numbers are ordered identically in both systems. Digital
symmetries are exhibited with a period of (q − 1), whereq is the radix of the number system. Numbers made up of the same digits have
a period equal to their ordern = 3. The sum of the digits within their notation is equal to the quotient of these numbers divided by PQ.
Such sum for numbers made up of different digits is equal to the central quotient in the column. This feature allows one to organize
the operation of integer division by PQ by the operation of addition. The numbers made up of different digits are linked by a cyclic
permutation in the columns. The direction of permutation in the neighboring columns is mirror symmetrical; the letterM and the respective
axis designate this symmetry. The digital regularities are invariant under the inversion of the direction of number notation. The notation of
the numbers 037 and 0134 with a leading zero emphasizes the equal opportunities for zero to participate in the digital symmetries. The
present criterion of divisibility bears a close analogy to the formal parameters of the genetic encoding.

equal to 2 (Mac Dynaill, 2002) and/or larger than 2
to increase the accuracy of the control. This criterion
should give particular shape to the digital sequence so
that the molecular genetic machinery can recognize it
easily. For example, the decimal criterion of divisibil-
ity by Prime Quantum(PQ) 037 fulfills this condition
(Fig. 5a).

The criterion says: only the decimal numbers,
whose three-digit sum of digital triplets has a homoge-
neous digital sequence (or the sum acquires such a se-
quence after adding/subtracting PQ 037), are divided
by PQ 037 (the triplet frame has any of the three pos-
sible positions with zeros added at the flanks to form
complete triplets). Let us consider this criterion for the
number 60150013320229856, for example. The sum
of the digital triplets for one of the frames is equal to
the number 601+ 500+ 133+ 202+ 298+ 560 =
2294. In order to get the three-digit sum the operation
is repeated 002+ 294 = 296 and, finally, PQ 037 is
added to this sum 296+ 037 = 333. The operations
in other two frames are the same:

060+ 150+ 013+ 320+ 229+ 856= 1628,
001+ 628= 629, 629+ PQ 037= 666;
006+015+001+332+022+985+600= 1961,
001+ 961= 962, 962+ PQ 037= 999.

Only one such summation in any of the frame is suf-
ficient for finding out the divisibility by PQ 037. Note

that the digital sequences 296, 629, 962 are connected
by a cyclic permutation of the digits, which is another
“palpable” criterion feature. The criterion is valid for
the PQ = 〈1n1n−1 . . . 11〉q/n, if the condition (q −
1)/n = Int is applied and then-digit reading frame is
used. For example, the systems with radixesq = 4 (PQ
7, Fig. 5b), q = 7 (PQ 19),q = 10 (PQ 37,Fig. 5a),
q = 13 (PQ 61), etc. meet all these requirements for
n = 3.

The symmetry of the three-digit sequences inFig. 5
is named below as thePrime Quantum Divisibility
(PQD) feature. It gets the particular shape of digital
triplet if the decimal (quaternary) system is used and
loses it in the other systems. The PQD feature not
only excites the sensation of beauty but also could
be useful for some molecular organelles working as
biocomputers. This feature may simplify molecular
machinery and facilitates the computational procedure
itself. Such ability is discussed inSection 13.

4. The nucleons and nitrogen bases as digits

The number system might use a quantity of some
code elements to symbolize a number. Such remark-
able elements could come to light indirectly in one
of the familiar code regularities and, most prob-
ably, in some correlation with degeneracy. Using
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Table 1
The antisymmetrical correlation between the amino acid side chain nucleon numberR and the series degeneracy numberD (Hasegawa
and Miyata, 1980)

Amino acid Gly Ala Ser Proa Val Thr Cys Leu Ile Asn Asp Gln Lys Glu Met His Phe Arg Tyr Trp

Side chain
nucleon
number,R

1 15 31 42–1 43 45 47 57 57 58 59 72 72 73 75 81 91 100 107 130

Degeneracy
number,D

IV IV IV, II IV IV IV III b, IIc IV, II III II II II II II I II II II, IV II I

The wedge-shaped figure and the line of variable thickness denote a change of the nucleon number and the degeneracy number, respectively.
This correlation is a part of the genetic code cooperative symmetry inFig. 12.

a Formal borrowing of one nucleon from the Pro side chain in favor of its standard block (see text for details).
b The E. octocarinatuscode version.
c The E. coli code version.

degeneracy—a mutual product of both code sets—
Rumer ordered the set of triplets; for symmetry, the
degeneracy should order the amino acid-syntactic
sign set as well. Indeed,Hasegawa and Miyata (1980)
noted that the degeneracy numberD and the amino
acid nucleon numberN are antisymmetrically corre-
lated (Table 1). Let us use the nucleon as the embodi-
ment of a digit for the amino acids. The most common
and stable isotopes are taken for the calculating the
nucleon numbers of the 20 canonical amino acids.

Each of the amino acid molecules is divided uni-
versally into two parts. These are the uniqueside
chain Rand thestandard block B–CH(NH2)COOH.
For instance, the nucleon number of the least Gly and
the largest Trp side chain equals 1 and 130. The nu-
cleon number of the syntactic signsStopI andStopII,
which do not have corresponding amino acids, is set
to be zero; the syntactic signStart associates with
the amino acid Met whose nucleon number is 75, etc.
The one exception to the general structure of amino
acids is Pro. It is called animino acid because the
nitrogen of its standard block has one less hydrogen
bonded to it. In the special case of Pro, the division
produces a block, which has 73 nucleons. The formal
borrowing of one nucleon from the Pro side chain in
favor of its block brought the block nucleon number
to the standard 73+ 1 = 074, whereas the side chain
nucleon number becomes 42− 1 = 41. Seemingly
strange from the physicochemical point of view, the
borrowing looks like an ordinary computational trick
of hypothetical biocomputers.

Another number symbol may be composed by the
rules of the positional system of numeration. The ni-
trogen bases of the genetic supermolecules seem suit-

able to the role of the quaternary digits.Gamow (1954)
noted this possibility in his pioneering article on the
genetic code. He wrote that a long number written in
a four-digital system could characterize the hereditary
properties of any given organism. Time has shown
that his statement was taken as a metaphoric one.

5. The arithmetic regularity of the compressed
code representation

Modified by biocomputers, the genetic code should
add a certain formal ordering to its well-known physic-
ochemical regularities. Let us consider the four levels
of this ordering. Thelogic level includes the universal
conditions by which the code is divided into sets. The
cardinal numbers of these sets are studied at thephys-
ical level to find some quantitative relations, whereas
the digital sequences of these numbers are studied at
the linguistic level to find the PQD features. And fi-
nally, a cooperative behavior of the code elements is
studied at the level of theorderedsets.

Rumer discovered the ordered manifestation within
the triplet set (Fig. 3). The supplementary manifesta-
tion within the amino acid-syntactic sign set is shown
in Fig. 6 (Shcherbak, 1993b, 1994). The logic level
contains the condition of Rumer’s division. The phys-
ical and linguistic levels are superimposed exactly in
spite of their independence. The physical level is man-
ifested by the squares of the first three Pythagorean
numbers (Fig. 6a); these numbers appear if the nucleon
sums are represented in the parts of PQ 037. Another
manifestation of the physical level is a balance of the
nucleon sums of the standard blocks and side chains
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Fig. 6. The arithmetic regularity of the compressed representation of the genetic code (seeFigs. 2a and 3). It appears simultaneously
at the logic, physical, and linguistic level. The logic level contains the condition of the Rumer’s division. The physical level shows the
quantitative properties of the nucleon sums. These are (a) the squares of the first three Pythagorean numbers and (b) theblock-and-chain
balance. The linguistic level manifests the PQD feature. The raster spot indicates the formal borrowing of one nucleon from imino acid Pro
side chain in favor of its standard block. Numbers, divided by PQ 037 and larger 999, are written ad exemplum 2331≡333+ 2 × 999 to
underline their PQD features. Note that the product of PQ 037 and PQ 0134 is equal to 259, which is the final digital permutation in (a).
The canonical DNA pair of the adenine and thymine residues has also 259+ “0” nucleons and the other pair of the guanine and cytosine
residues has 259+ “1” nucleons; the alone uracile residue has 111 nucleons. The graphic representation of the genetic code images itsE.
octocarinatusversion; the revealed regularities are also true for theE. coli version.

in Fig. 6b. The linguistic level represents the PQD 037
features of the nucleon sums. Such a multilevel man-
ifestation is referred to as anarithmeticregularity.

The nucleon sum of the standard blocks of the whole
code is larger than that of the side chains. Chains are
larger than blocks only in 7 out of 24 series. Only

a limited set with the number of series less than 24
and containing mostly large amino acids is capable
of balancing their own blocks. Owing to requirements
of Eq. (13)(Table 2) the balance together with large
amino acids is located within the degeneracy III, II,
I set and not within the IV set of the genetic code.
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Fig. 7. The arithmetic regularity of the compressed representation of the genetic code (seeFig. 2b). (a) The amino acids and syntactic
signs whose triplet series have the pyrimidine base in the 5′ triplet position manifest a new block-and-chain balance. (b) The arithmetic
regularity in Fig. 6 and the new balance algebraically predetermine the quantitative relations. The graphic representation of the genetic
code images itsE. octocarinatusversion; the revealed regularities are also true for theE. coli version.

As a result, the concentration of small amino acids
increases in the degeneracy IV set. Outwardly, this
looks like antisymmetrical correlation between the de-
generacy and molecular mass noted byHasegawa and
Miyata (1980). The regularities inFig. 6are a possible
interpretation of this correlation.

A similar response in analogous circumstances in-
dicates a general regularity of the investigated object.
The amino acids of the first 5′ bisection (Fig. 3b)
whose series have 5′ pyrimidine bases are shown
in Fig. 7a. The same elements, arranged differently,
demonstrate a newblock-and-chainbalance, similar
to the previous one inFig. 6b. After the balance in
Fig. 6bthe PQD 037 feature becomes trivial in an alge-
braic sense for the block-and-chain type of balancing.
Surprisingly, the PQD 037 feature changes henceforth
the type of manifestation to bypass this limitation.

One manifestation of the arithmetic regularity
makes use of the second 5′ and uniqueCenter bi-
section simultaneously (Fig. 2c and d). These bisec-
tions comprise a hierarchy of three balances of the

chain-and-chaintype (Fig. 8). The ordering procedure
in Figs. 7 and 8were patterned byVerkhovod (1994)
after it was discovered inFig. 6(Shcherbak, 1993a,b).

Surprisingly, the borrowing of one nucleon from the
imino acid Pro side chain works, while the standard
block itself being the recipient of such a borrowed nu-
cleon, is located outside the considered manifestation.

Mitochondria deviate from the universal code. It
should be noted that none of the numerous deviations
(Jukes and Osawa, 1990) disturbs the balance of com-
mon series inFig. 8c.

6. The arithmetic regularity of the life-size code
representation

The triplets having two identical and one unique
base are shown inFig. 9 (see alsoFig. 4a; Shcherbak,
1996). The arithmetic regularity is manifested within
two bisected subsets whose triplets have either two
identical pyrimidine or two identical purine bases
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Fig. 8. The arithmetic regularity of the compressed representation of the genetic code (seeFig. 2c and d). The side chain nucleon sum of
the series with 5′ andCenterbases T, G is equal to the chain nucleon number 444+ 999 of the whole compressed code. The same is also
true for the series with bases A, C (see right side of (a) and (b)). Thesechain-and-chainbalances are caused by the counterbalance of 5′
T, G andCenterA, C arms as well as the 5′ A, C and CenterT, G arms (see left side of (a) and (b)). The equilibrated hierarchy as a
whole is based on the common series balance (see (c)); wide bordering shows these series inFig. 2c and d. The common series have T
and/or G, and A and/or C bases in both 5′ andCenterposition. The graphic representation of the genetic code images itsE. octocarinatus
version; the revealed regularities are also true for theE. coli version.

(Fig. 9a). A new chain-and-chain balance is formed
by 999 nucleons. The PQD feature is always signifi-
cant for this type of balancing; the nucleon borrowing
of the Pro amino acid works as well.

It is believed that the 3′ base is of less importance for
the biological encoding. It seems that the 5′, Center,
and 3′ bases are of equal importance for the arithmetic
regularity.

In Fig. 9athe central axis bisects the code in such a
way that the type of unique base is disregarded. Now,
the central axis inFig. 9b bisects the code by using
the type of unique base, disregarding identical ones.
The sum of nucleons for the triplets with the unique
pyrimidine base is equal to the decimal number 888
and the PQD 037 feature is manifested again.

The subset with purines as identical bases in
Fig. 9a has an additional manifestation of the arith-
metic regularity. This subset consists of three lines

of the triplets, which are subdivided symmetrically.
Two of the subdivisions are a pair of halved lines (a
vertical dash-line indicates a halving) and the third
one is a complete line (shown by wide bordering).
These subdivisions demonstrate atriple balance of
the chain-and-chain type. Each of its balanced arms
consists of 333 nucleons.

In addition, the complete line has an analogue writ-
ten by synonymic triplets inFig. 9b. This balanced
pair of lines owes its existence to the regular de-
generacy and, in particular, the nonordinary degen-
eracy III of the amino acid Ile. This is the reason
why the sum of nucleons inFig. 9b is given by two
summands 333+ 777. That sum can be transformed
into balance of the (block+ chain)-and-chain type,
i.e. 777+ 777.

The arithmetic regularity of the life-size code be-
comes complete with similar arrangement of the rest of
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Fig. 9. The arithmetic regularity of the genetic code life-size representation (seeFig. 4a). (a) The triplets with the identical pyrimidine
and identical purine bases manifest the chain-and-chain balance and PQD feature. The triplets with identical purine bases manifest the
triple chain-and-chain balance and the PQD features. (b) The triplets with the unique pyrimidine and unique purine base manifest the PQD
feature. (a) and (b): The synonymic triplets of two balanced lines are denoted by the wide bordering. The graphic representation of the
genetic code images both theE. coli and theE. octocarinatusversion.

the triplets. These are the first and second antisymmet-
rically arranged code sets inFig. 5b. The antisymme-
try underlies their (block+chain)-and-(block+chain)
balance inFig. 10as well.

7. The arithmetic regularity of the split code
representation

The split representation of the genetic code in
Fig. 1c consists of 64× 3 = 192 separated bases.
The amino acids and syntactic signs are mapped
onto these bases and listed inFig. 11. The only

division into the separateThymine-list and the com-
monAdenine-Guanine-Cytosine-list demonstrates the
PQD 037 feature of the side chain nucleon sums
666+ 2 × 999 and 555+ 7 × 999, respectively.

As a rule, the linguistic level of the arithmetic regu-
larity is superimposed on some balance, for example,
of the block-and-chain type. Recall that chains all over
the code may balance only some part of their blocks.
The commonA-G-C-list contains 138 standard blocks,
whose nucleon sum is equal to 222+ 10× 999. The
nucleon sum of the amino acid side chains of both
lists, i.e. the split code on the whole, is exactly the
same number (Shcherbak, 1999).
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Fig. 10. The arithmetic regularity of the genetic code life-size representation (seeFig. 4b). There is a unique way of antisymmetrical
application of the three group V transformations to the pair of the code sets. Namely, one of the transformations is chosen to be common
for both sets; if in the first set it is paired with one of the remaining transformations, then in the second set it is paired with the other
one. TheSpin→ Antispin transformation does not affect the triplets in the first set, but—antisymmetrically—it fixes the triplet positions
in the second set. The sets could be coaxially placed in one of the alternative positions. The antisymmetrically positioned smaller and
larger nucleon sums eliminate this alternative. The balance becomes apparent if the common Rumer’s transformation is paired with the
TCAG → CTGA transformation in the first set. The graphic representation of the genetic code images itsE. coli version; the revealed
regularities are true for this version.

New block-and-chain balance is similar to the pre-
vious balances inFigs. 6b and 7a, but is contrarwise
organized. There, the fixed set of the chains balances
all their own blocks, whereas here, the fixed set of the
blocks balances all the code chains. The PQD feature
becomes again a significant manifestation due to an-
other block-and-chain type of balancing.

8. The systematization principle of the
cooperative symmetry of the genetic code

The arithmetic regularity operates with unordered
sets. The following is an attempt to order the elements

of these sets. The systematization principle of theE.
octocarinatuscompressed code version is shown in
Fig. 12a(Shcherbak, 1993a). According to the prin-
ciple, an isolated triplet, an amino acid or a syntactic
sign, is not an object of systematization. Two compos-
ite objects play this role. These objects are:

(i) the sets of the same degeneracy series;
(ii) the same degeneracy series within one of the sets.

Each of these objects is a component part of another
one (see crossing arrows inFig. 12a). The objects
are aligned with a monotonic and parallel–opposition
change of two parameters. These parameters are:
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Fig. 11. The arithmetic regularity of the split representation of the genetic code (seeFig. 1c). The Thymine-list and the common
Adenine-Guanine-Cytosine-list demonstrate the PQD features. These features indicate the block-and-chain balance between the amino acid
side chains of the whole split genetic code and the fixed set of the standard blocks of theA-G-C-list. The revealed regularities are true
for the E. coli version of the genetic code.

(i) the degeneracy number of the series triplets;
(ii) the nucleon number of the series amino acids (syn-

tactic signs).

Essentially, the principle combines Rumer’s di-
vision by the series degeneracy and Hasegawa and
Miyata’s series alignment by the masses into an or-
ganic whole (seeFig. 3 and Table 1). A reliable
systematization principle must produce a strong and
various ordering using a weak and uniform condition.
Seemingly, the genetic code exceeds the fragmentary
ASCII arrangement in this respect.

The word calligramme means spatially ordered
symbols of the code elements. The calligramme in
Fig. 12b shows the genetic code cooperative sym-
metry (Shcherbak, 1988, 1989a,b,c). The common
parameters indicate that the arithmetic regularity

and the cooperative symmetry are tightly bound
phenomena.

It seems that a zero—fascinating invention of
arithmetic—is in use by biocomputers. The zeros
of the Stop signs were trivial summands in the nu-
cleon sums of the arithmetic regularity. Now, the zero
forms the calligramme as anordinal number. On that
ground, the zero occupies its formally predetermined
position at the beginning of the natural number series
and places its own triplet series at the flank of the
degeneracy II set. Being in this position, these series
entirely maintain cooperative symmetry. It is surpris-
ing that the zero, i.e. abstract nothing, operates the
substantial objects of the code. However, a presum-
able implication of biocomputers to the modification
of the genetic code offers a satisfactory explanation
of that fact.
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Fig. 12. The systematization principle of the genetic code. (a) The centrosymmetrical flow chart indicates equilibrium of the principle
formulation. (b) The application of the principle to the compressed series inFig. 1aresults in the cooperative symmetry of the genetic code.
The calligrammeof the cooperative symmetry comprises entirely the regularity of the Rumer’s division inFig. 3 and the manifestation of
the arithmetic regularity inFig. 6. The lines of variable thickness and wedge-shaped figures symbolize an alignment with a monotonic
and parallel-opposition change of the degeneracy and nucleon numbers.

9. The symmetry of the 5′ sequences

The degeneracy IV sequence is arranged by the mir-
ror, translation, and inversion symmetry (Fig. 13a).
Specifically, 5′ bases are invariant under a combined
mirror and inversion operation; a pair ofRRYYquartets
forms a minimum pattern of the translation symmetry.

Three symmetry operations arrange the degeneracy
III, II, I sequence, and in doing so the operations are
the same as in the degeneracy IV set (Fig. 13b). A
pair of flankingTATATboxes is mirror symmetrical.
A pair of the centralAGC triplets forms a minimum
pattern of the translation symmetry. The inversion and
the absence of it, i.e. an identical transformation, in-
terconnect the 5′ and 3′ bases of the degeneracy II set
(Fig. 13c). This regularity is projected to the 3′ and
5′ bases of the tRNA antitriplets (Fig. 13d) and for-

malizes thewobble pairingrule (Crick, 1966). Since
the tRNA antitriplets of the degeneracy II series have
guanine as the purine 5′ base (Jukes, 1983), the order
with regard to it is unambiguous. If this symmetry is
maintained, there is no dilemma as to the relative po-
sition of amino acids Gln and Lys.

10. The symmetry of the Center sequences

Both sequences of the degeneracy IV (RY-repre-
sentation) set and III, II, I set are mirror symmetrical
(Fig. 14a). The sequence of the degeneracy IV set and
its projection into the coaxially positioned sequence
of the degeneracy III, II, I set are interconnected
by the inversion symmetry. The coaxial symmetry
is manifested due to the unique geometric shape of
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Fig. 13. The calligramme of the cooperative symmetry of the genetic code. Both 5′ base sequences are ordered by the common set of
symmetry operations (a), (b), and (c). These are the mirror (designated by letterM), translation (designated by italicized lettersRY or
TCAG) and inversion of theBase→ Complementary baseor Purine base↔ Pyrimidine basetype (designated by color gradient whose
white and black colors symbolize the purine and pyrimidine bases, respectively). (d) ThePurine base↔ Pyrimidine baseinversion and
identical transformation TCAG→ TCAG formalize the wobble pairing of the 5′ and 3′ bases of the degeneracy II set. The graphic
representation of the genetic code images itsE. octocarinatusversion; the revealed regularities are true for this version.

the calligramme. The shape and its coaxial symmetry
decay in the scale of the life-size representation.

The classic mirror symmetry of the degeneracy
IV set is replaced by its semantic variant for a
palindromic feature (denoted by�) of two separate
triplets in Fig. 14b. (The termpalindrome is used

in the linguistic sense as a line of characters, which
are centrosymmetrical and whose semantics is in-
variant with respect to the directions of reading.)
The symmetry-preserving palindromic feature is an
indicator of similar semantic structure within the de-
generacy III, II, I set. The point is that bothCenter
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Fig. 14. The calligramme of the cooperative symmetry of the genetic code. Both sequences ofCenterbases are ordered by the common
set of symmetry operations. These are the mirror (designated byM), the inversion of thePurine base↔ Pyrimidine basetype, and the
semantic symmetry of the palindromic feature (designated by�). The graphic representation of the genetic code images itsE. octocarinatus
version; the revealed regularities are true for this version. The graphical symbols are the same as inFig. 13.

sequences have, similar to the 5′ sequences above, a
common set of symmetry operations, and the palin-
dromic one is among them.

As predicted, the palindrome of the degeneracy III,
II, I set is manifested in the triplet reading frame start-
ing with the single baseG at the flank (Fig. 14c).
The palindrome has remarkable semantics expressed
by the syntactic signsStopII and Start. These signs
are in a semantically antisymmetrical position with
respect to the central homogeneous tripletAAA. The

palindrome uses all syntactic signs of theE. octocar-
inatuscode version: two termination signsStopII and
one twice-repeated initiation signStart.

The unique palindrome semantics is not the only
reason why the given position of the reading frame
gets the better of its two other possible positions. This
position is fixed as preferable also by a symmetric
intersection between the real triplets and the abstract
symbols of these triplets in the palindrome (shown in
Fig. 14c by wide bordering). One of two directions
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of reading is associated with the intersections and is
preferable in this respect. The semantically arranged
palindrome text, which is made by the code symbols
within the code itself, is striking.

The arithmetic regularity appears surprisingly
again, now through the palindrome semantics. The
summation of nucleons reveals the block-and-chain
balance and manifests the PQD 037 feature inFig. 14b,
d and e(the G residue inFig. 14bhas 150 nucleons).

The calligramme is adapted exactly to theE. oc-
tocarinatuscode version. The series TGA-StopI, ab-
sent in this version, is excluded from the syntactic
signs of the palindrome, while its TGA-Cys substitute
supports the manifestation of the PQD 037 feature in
Fig. 14e.

The ASCII code comprises the arranged Roman
letters and Arabic numeral series for the sake of the
control of information. Similarly, the frequently used
consensus sequences had the best chance to be incor-
porated into the calligramme. One can try to discern
the symbols of the canonical base pairing inFig. 13a,
the TATA-box initiating transcription inFig. 13b,
a spacer zone with a poly(A) background between
the Stopand theStart signs of neighboring genes in
Fig. 14c, etc. One can assume from the symmetry
consideration that the splitE. coli code version in
Fig. 11keeps an unknown calligramme of 222+10×
999 nucleons and 192 bases. The Pythagorean num-
bers (Fig. 6a), sequenceAGC(Fig. 13b), the preferable
directions (Fig. 14c), etc. could be its parameters.

11. The physicochemical effect of the cooperative
symmetry

It is well known that the amino acids, triplet se-
ries, and degeneracy of the series are optimally dis-
tributed and, as a rule, possible consequences of the
mutations such as an abrupt change of hydrophobicity,
are, to some extent, weakened (Goldberg and Wittes,
1966; Volkenstein, 1966; Sjöström and Wold, 1985;
Figureau, 1987; Knight et al., 1999). However,Shulz
and Schirmer (1979)ask a question: why is it that an-
other property of amino acids—a geometrical size of
side chain—has no comparable protection though this
property and is no less important than hydrophobicity?

One may conclude that the possession of cooper-
ative symmetry does not allow the code to enhance

the protection against an abrupt change of size. A
calligramme fragment underlies the histograms of
hydrophobicity and molecular size inFig. 15. The
transversions of the most mutable 3′ base are shown
for the largest degeneracy II code set by arrows. Due
to the symmetry of the fragment, the transversions are
centrosymmetrical in their arrangement too. Recall
that the triplet series are aligned by the monotonous
change of the nucleon numbers of their amino acids.
The molecular size of an amino acid is generally
proportionate to its nucleon number. Therefore, the
monotony excludes a centrosymmetrical shape of
the size histogram. And vice versa, the hydropho-
bicity of an amino acid does not depend explicitly
on its size and nucleon number. This allows the hy-
drophobicity to give any centrosymmetrical shape to
the histogram, for example, such as that, which was
fixed within the actual code. As a result, when amino
acids are replaced through mutation the change of
hydrophobicity is generally weak, while that of size is
strong.

Freeland and Hurst (1998)showed that only one in
every million random alternative codes generated is
more efficient against mutation than the natural code.
However, those codes hardly ever can get some com-
parable exact order at random. The natural genetic
code is a unique one rather than one in a million in
this respect. Thus, the natural code is highly efficient
at minimizing the effects of mutation, though that
ability is to some extent limited by arithmetic inside.
It seems that the universal genetic code is arranged
optimally.

12. The mathematical model of the genetic code

Ordering completeness and uniqueness needs a sim-
ple tool for evaluation. Diophantine equations and
some conditions allow arithmetic regularity and coop-
erative symmetry to be described formally (Table 2).
Such a system must show to what extent the code
obeys formal ordering. In other words, it has to an-
swer the question: could another arrangement of the
canonical amino acids or other amino acid molecules
having different nucleon numbers produce the same
formal ordering?

The number of unknown variables is larger than
that of the equations. This is typical of Diophantine
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Fig. 15. Physicochemical effect of the cooperative symmetry of the genetic code is that if mutation occurs, the genetic code is satisfactorily
protected against an abrupt change of hydrophobicity rather than the geometric size. The sequences of the 5′ and Center bases of the
degeneracy III, II, I sets (seeFigs. 13 and 14) are combined with the histograms of (a) hydrophobicity (Lacey and Mullins, 1983) and (b)
molecular volume (Jungck, 1978). Arrows designate the transversion mutations of the 3′ position of the triplets as well as the corresponding
substitutions of the amino acid hydrophobicity and geometric size within the degeneracy II set. This effect is true for bothE. coli and E.
octocarinatuscode version. The graphic representation of the genetic code images itsE. octocarinatusversion.

equation systems, which have a solution owing to
some side conditions (Table 3).

The roots of an algebraic system may be unique or
contained within certain intervals depending to what
extent the system is determined. The degree of deter-
mination becomes a reliable criterion of the evaluation
of the code obeying the formal order.

The system was subjected to computational in-
vestigation and found completely defined. Its unique
roots coincided with the nucleon numbers of the
canonical amino acids and syntactic signs as well as
with the actual degeneracy numbers. Thef:T → A,S
function maps uniquely these roots onto the life-size
triplets of the analytical version of the genetic code
(Table 4).

The roots are more than mere mathematics. These
are 18 different nonzero numbers. They determine the
necessary minimum of different amino acids so as yet
the arithmetic regularity and cooperative symmetry
could be realized.

The variableB = 74 limits the standard block to
the configuration of theα-, but not β-amino acid,
which is a formal solution of one of the problems
of the code origin. It is obvious that a certain nu-
cleon number is not always a symbol of a single
molecule out of many natural amino acids. How-
ever, the root of the variableGly equal to 1 does not
correspond to any side chain, but that of the amino
acid glycine. The same is true, at least, for the vari-
ables Ala, SerII, and SerIV. Thus, some roots are
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Table 2
The Diophantine equation system comprisesEqs. (1)–(29)and logical conditions; there are auxiliaryEqs. (a) and (b)in this list

The arithmetic regularity of the compressed code representation inFig. 6
Series compressed in scale 1 :DIV ; Gly + Ala + SerIV+ Pro + Val + Thr + LeuIV+ ArgIV = 333; (a)
Series compressed in scales 1 :DIII , 1 : DII , and 1 :DI ; (Ile) + (Cys+ StopII + SerII+ LeuII + Asn+ Asp+ Gln +

Lys+ His + Phe+ ArgII + Tyr) + (StopI + Met+ Trp) = 111+ 999. (b)

The arithmetic regularity of the compressed code representation inFigs. 6–8; the series withCenter base eitherC or A
Compressed scale 1 :DIV ; 5′T ; SerIV= 31; (1)
Compressed scale 1 :DII ; 5′T ; StopII + Tyr = 107; (2)
Compressed scale 1 :DIV ; 5′G; Ala = 15; (3)
Compressed scale 1 :DII ; 5′G; Asp+ Glu = 132; (4)
Compressed scale 1 :DIV ; 5′C; Pro = 41; (5)
Compressed scale 1 :DII ; 5′C; Gln + His = 153; (6)
Compressed scale 1 :DIV ; 5′A; Thr = 45; (7)
Compressed scale 1 :DII ; 5′A; Asn+ Lys= 130; (8)

The arithmetic regularity of the compressed code representation inFigs. 6–8; the series withCenter base eitherT or G
Compressed scale 1 :DIV ; 5′C; LeuIV+ ArgIV = 157; (9)
Compressed scale 1 :DIV ; 5′G; Gly + Val = 44; (10)
Compressed scales 1 :DIII ; 1 : DII ; 1 : DI ; 5′T ; LeuII + Phe+ Cys+ StopI + Trp = 325; (11)
Compressed scales 1 :DIII ; 1 : DII ; 1 : DI ; 5′A; Ile + Met+ SerII+ ArgII = 263. (12)

The scale symmetry of the compressed and life-size code representation
(Gly + Ala + SerIV+ Pro + Val + Thr + LeuIV+ ArgIV) × DIV + (Ile) × DIII + (Cys+ StopII + SerII+ LeuII + Asn+ Asp

+ Gln + Lys+ Glu + His + Phe+ ArgII + Tyr) × DII + (StopI + Met+ Trp) × DI = 3404, i.e. 92PQ. (13)

The arithmetic regularity of the life-size code representation inFigs. 9 and 10
Identical bases(i) = {Y}; unique bases(u) = {R}; 2LeuII + Ile + Tyr + Val + Cys+ 2Pro + Thr + His + Ala + ArgIV = 691; (14)
i = {Y}; u = {Y}; Phe+ 2LeuIV+ 2SerIV+ Pro = 308; (15)
i = {A}; 5′ or 3′u = {Y}; 2Asn+ StopII + Gln = 188; (16)
i = {R}; Centeru = {Y}; i = {N}; 5′u = {R}; Ile + Thr + Val + Ala = 160; (17)
i = {G}; 5′ or 3′u = {Y}; 2Gly + Trp + ArgIV = 232; (18)
i = {A}; 5′ or 3′u = {R}; Lys+ Glu = 145; (19)
i = {G}; 5′ or 3′u = {R}; Gly + ArgII = 101; (20)
i = {R}; Centeru = {R}; i = {N}; 5′u = {R}; ArgII + Glu = 173. (21)
Triplets with either three identical or three unique bases; Phe+ Lys+ SerIV+ Ile + His + 2Ala + LeuIV+ Cys+ StopI

+ Asp+ Met+ Gln + SerII = 703. (22)

The arithmetic regularity of the split code representation inFig. 11
Triplets with base(s) T ; Ala + ArgIV + Asn+ Asp+ 3Cys+ Gly + His + 4Ile + 4LeuII + 5LeuIV+ Met+ 5Phe+ Pro

+ SerII+ 5SerIV+ StopI + 2StopII + Thr + Trp + 3Tyr + 5Val = 666+ 2 × 999. (23)

The arithmetic regularity of the palindromic features inFig. 14d and e
StopII + StopII + Lys+ Start+ Start= 222; (24)
SerII+ 2Lys+ Cys= 222. (25)

The standard block nucleon sums of the block-and-chain balances inFigs. 6b, 7a, 11, and 14d
Series compressed in scales 1 :DIII , 1 : DII , 1 : DI ; 15B + bStopII + bStopI = 111+ 999; (26)
Compressed series with 5′Y; 10B + BPro + bStopII + bStopI = 814; (27)
A-G-C-list of separate bases; 127B + 11BPro + 4bStopII + 2bStopI = 222+ 10× 999; (28)
Compressed series of palindrom; bStopII + bStopII + B + bStart + bStart = 222. (29)

The system includes 33 positive integer variables. The majority of them correspond to the nucleon numbers of the amino acid side chains and standard
blocks. These are the 23 chains designated as italicized three-letter abbreviations; two chains of the syntactic signsStart and StopI = StopII (the same
functionality equates bothStopvariables); two blocks of the amino acidB and imino acidBPro; and two blocks of the syntactic signsbStart andbStopI = bStopII .
There are also four variables symbolizing the degeneracy numbersDIV , DIII , DII , DI in this list. The logical conditions of the code division are a part of
the model conditions. They are written in smaller fonts at the defined equations.
Algebra allows one to specify a minimum set of irreplaceable fragments necessary for composing from them the genetic code with arithmetic inside. The
axis of Fig. 2a divides the compressed code into two fragments that are described by auxiliaryEqs. (a), (b), and (26). The simultaneous division by this
and the other three axes ofFig. 2 produces a set of fragments described byEqs. (1)–(12), (26), and (27).
The compressed and the life-size representations of the code are combined by the scale symmetry (Fig. 1). An algebraic symbol of that isEq. (13). The
life-size triplets with unique (u) and identical (i) bases demonstrate the arithmetic regularity inFig. 9. The combined axes ofFig. 9 divide the code into
eight fragments described byEqs. (14)–(21). The regularities inFigs. 10 and 11are described byEqs. (22), (23), and (28).
The arithmetic regularity of the palindrome (Fig. 14) is described byEqs. (24), (25), and (29).
The unambiguous assignment of the nucleon numbers of four various blocks through fourEqs. (26)–(29)is obvious. But it is not obvious a priori that
there are enough balances of the block-and-chain types in the genetic code so that that assignment takes place.
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Table 3
Side conditions of the Diophantine equation system

Integer numbers of degeneracy; DIV > DIII > DII > DI > 0. (30)
Series compressed in scale 1 :DIV ; 0 ≤ Gly < Ala < SerIV< Pro < Val < Thr < LeuIV< ArgIV. (31)
E. octocarinatusseries compressed in scale 1 :DIII ; 0 ≤ Cys< Ile. (32)
E. octocarinatusseries compressed in scale 1 :DII ; 0 ≤ StopII < SerII < LeuII < Asn< Asp< Gln < Glu; (33a)
Asp< Lys< Glu < His < Phe< ArgII < Tyr. (33b)
E. octocarinatusseries compressed in scale 1 :DI ; 0 ≤ Start< Trp. (34)
�∃x ∈ [2, 14] ∪ [16, 23] ∪ [32, 38]. (35)
StopI= StopII (36)

The sequences of inequalities (30)–(34) are the algebraic symbol of the cooperative symmetry. The classic and semantic symmetries are
mapped onto these sequences inFigs. 13 and 14. These and other system conditions determine the mapping functionf:T → A,S of the
analytical version of the genetic code. For example, the palindrome semantic antisymmetry and symmetric intersections inFig. 14c map
both syntactic functionStopII and Start onto particular triplets and rootsxi.
Lehman and Jukes (1988)assumed that originally some triplets could temporarily lose encoded amino acids and turn into termination
signs. The cooperative symmetry should extrude such triplets to the flanks of the four sets inFig. 12b. For this reason, the inequalities
(30)–(34) allow the flank variablesGly, Cys, Start, and Met, to have a relic zero, and vice versa, the variablesStopI = StopII, to have
non-zero nucleon numbers.
The canonical molecules together with other natural amino acids are incapable of forming an uninterrupted natural number series by nucleon
numbers. Gaps, which are predicted reliably at least for small amino acids (Greenstein and Winitz, 1991), are assigned by condition (35).

associated with certain molecules numerically as-
signed to them.

The possession of the syntax signsStopI andStopII
in the form of the standard triplet series is fraught

Table 4
The analytical version of the genetic code shows the system solution in the form of the standard table

5′ position Centerposition 3′ position

T C A G

T TTT 091 TCT 031 (Ser) TAT 107 TGT 047 T
TTC 091 TCC 031 (Ser) TAC 107 TGC 047 C
TTA 057 TCA 031 (Ser) TAA 000 (Stop) TGA 000a (Stop); 047b A
TTG 057 TCG 031 (Ser) TAG 000 (Stop) TGG 130 G

C CTT 057 CCT 042–1 CAT 081 CGT 100 T
CTC 057 CCC 042–1 CAC 081 CGC 100 C
CTA 057 CCA 042–1 CAA 072 CGA 100 A
CTG 057 CCG 042–1 CAG 072 CGG 100 G

A ATT 057 ACT 045 AAT 058 AGT 031 (Ser) T
ATC 057 ACC 045 AAC 058 AGC 031 (Ser) C
ATA 057 ACA 045 AAA 072 AGA 100 A
ATG 075 (Start) ACG 045 AAG 072 AGG 100 G

G GTT 043 GCT 015 (Ala) GAT 059 GGT 001 (Gly) T
GTC 043 GCC 015 (Ala) GAC 059 GGC 001 (Gly) C
GTA 043 GCA 015 (Ala) GAA 073 GGA 001 (Gly) A
GTG 043 GCG 015 (Ala) GAG 073 GGG 001 (Gly) G

The parenthetical amino acid or syntactic sign imply that the numerical value of the corresponding root predetermines the chemical
structure of amino acid or its absence in case of the termination. The PQD feature of the nucleon sum at the levelsCβ, Cδ, etc., and the
geometrically equivalent levels of the ring amino acids inFigs. 6 and 7aallows one to increase in number the parenthetical amino acids.

a The numerical symbol of theE. coli code version.
b The numerical symbol of theE. octocarinatuscode version.

with the danger of early terminations.Lewin (1987)
assumed that for some reason the genetic code could
not push two dangerous triplet series outside of its
bounds in order to replace them with some non-triplet
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consensus sequences there. It seems that the formally
indispensable zero roots of the system could be such
a reason.

The nonzero root of the variableStartand zero roots
of the variablesStopI and StopII formally predeter-
mine the essential differences of the initiation and ter-
mination, namely, the participation or absence of an
amino acid in these acts. This may be an allusion to
why the current translation has enough standard inter-
mediates for the initiation instead of the specific fac-
tors for the termination.

Both regular degeneracy and universal triplet are
indispensable conditions of the model. One can spec-
ulate that these phenomena owe their origin to this
circumstance.

13. Discussion

Let us assume that at early stages of the origin of
life it developed the arithmetic power of evaluative
genetic language. The material objects of that power
could be some molecular organelles working like bio-
computers. These organelles should modify previous
versions of the primordial genetic code in accord with
a selected numeration system and some computing al-
gorithms, for example, such as serial additions (Mac
Dynaill, 2002). Then, the actual genetic code is a final
variant of that modification.

Which of the existing models best describes the
above events? Arithmetic provides specific require-
ments for selection. First, the arithmetic symbols need
a freedom of the mapping function to appear into the
code (Yockey, 2000). Second, any given collective reg-
ularity should be a jump phenomenon rather than a re-
sult of some gradual changes. Third, a suitable model
should give an opportunity to both arithmetic regular-
ity and physicochemical protection to arise.

Crick et al. (1976)introduced a primordial tRNAs
to fix the product of the “frozen accident” (Crick,
1968). These intermediaries give desired freedom
to the mapping function. They release hydrophobic-
ity from hypothetical task to be direct and selective
connector of triplets and amino acids.Porschke’s
experimental data (1985)did not show adequate
recognition, accuracy, and attractive power to consider
hydrophobicity as a unique and reliable code maker.
The “released” hydrophobicity could take the protec-

tive shape inFig. 15awith less difficulty. In addition,
the tRNA intermediaries promote discontinuous jump
of the primordial genetic code.

The code might have influenced and been influenced
by the grammatical categories of the evaluative ge-
netic language and arithmetic might be among these
categories. The genetic machinery relates to discrete
movement of different molecules in space, and con-
sequently, an inertia effect of mass. One can suppose
that this effect selected the massive nucleons as the
amino acid’s digital signs (Kashkarov et al., 2002).

Gamow (1954)speculated that hereditary properties
could be characterized by a sequence of quaternary
digits. That sequence represented by three-digit num-
bers could have at certain distances some checksums
divisible e.g. by quaternary PQ 0134. Theoretically,
such arithmetic background may underlie any given
genetic text without limitation of its biological content.
Analyzing its own arithmetic, the background might
check, restore, and alter superimposed biological con-
tent by means of calculations omitting the translation.
One can speculate that such total analysis takes place
in conjugate chromosomes during enigmatic meiosis
prophase I, whose duration is up to 3 weeks for human
male beings.

The divisibility by PQ as a validation criterion,
if any, simplifies molecular machinery and facili-
tates the computational procedure of hypothetical
organelles working as biocomputers. Perhaps a bio-
computer is hardly more complicated than, e.g.
mRNA-polymerase, and probably some known or-
ganelles have the capability to perform arithmetic.

A cell should get a computing result as a sequence
of digits on some register. One may expect that the
molecular register of biocomputers should be compact
and highly accurate. Indeed, the test of divisibility by
PQ of any given number independently of its value
requires only the three-digit register. If the result is
correct, the PQD feature gives its symmetrical shape
to the molecular digits on the register. A routine shape
analysis could convert these digits to an “analogue”
form, and initiate certain biochemical reactions de-
pending on the computing result. The symmetric
shape or its absence contributes to a unique iden-
tifiability of the correct or incorrect register status.
Note that a simple algorithm allows one to organize
arithmetic division by PQ by summation of digits of
a dividend number (seeFig. 5).
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Although the revealed ordering does not go beyond
the boundary of the genetic code, one can consider
it as a universal pattern applicable to actual genetic
texts. On the other hand, one can assume that only
divisibility by the number 37 might be a final effect
whose PQD 037 feature is only a by-product, which
is indifferent for the genetics, and discernible by the
human mind whose system is also the decimal one. If
that is the case, some things of the strict physical nature
such as the balances and structures of the cooperative
symmetry remain valid as yet.
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