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ABSTRACT 
 

Referring to the results of previous research on the Cipher of genetic code and analogies 

of genetic and chemical code – two overall complete natural systems – this paper presents 

the results of the study on the most complete Protein Amino Acids System (PAAS). It is 

shown that 20 protein amino acids appear to be a complete system – ordered, coherent, 

and harmonic. In such a system, all chemical distinctions within the system are 

accompanied by specific arithmetical and algebraic regularities, including the existence 

of amino acid ordinal numbers from 1 to 20. The classification of amino acids into two 

decades (1-10 and 11-20) appears to be in a strict correspondence with the balances of the 

number of atoms. From the existence of harmonic structures and arrangements of AAs, 

regardless of whether they are or not the constituents of the genetic code follow the 

conclusions that the genetic code, through its main constituents – 20 AAs and 4 Py-Pu 

bases – was complete even in prebiotic conditions. 
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Introduction 

 

      This paper is a step further in argumentation of the completeness of the system of 

protein amino acids (AAs),
1
 in the sense that it is a Mendeleevian type of system, whose 

organization is based on the principles of continuity and minimum change, that is, on the 

principles of balancing the properties
2
 of its elements (within the system). In other words, 

it is a coherent and harmonious system, both in biotic and prebiotic conditions. In this 

case, the harmonicity is understood as the correspondence with the golden mean and the 

Fibonacci series.
3
 As such, the system is inevitably in relation to one specific periodic 

system of numbers (PSN) [Figure A1 in relation to Table B5 and Figures C2 & C3], 

correspondent (analog) with the periodic system of chemical elements (PSE).  

„Regarding the application of theoretical-numerical representations, even Mendeleev 

considered as appropriate to look for an analytical expression for the law of periodicity, 

based on theory of numbers.”  (Trifonov, Dmitriev, 1981, p. 237).]  

      Previously we have shown that the completeness of PAAS is recognized when protein 

AAs are observed as constituents of the genetic code (GC) (Rakočević, 1998b; 2004a; 

2011a, b; 2018a, b). In this paper, however, we are starting with a working hypothesis 

(Box 1) that the same holds true when the set of 20 protein AAs is observed regardless of 

their positions in the genetic code displays [in the standard Genetic code Table (Crick, 

                                                 
1
 When we say that the genetic code (GC) was complete even in prebiotic conditions, then we mean on 

constituents of standard GC, the 20 protein amino acids (AAs) and 4 nucleotide bases. If within this paper 

we give convincing arguments for the completeness of the system of 20 protein AAs (PAAS), whether they 

are GC constituents or are just a set of free molecules independent of the positions of the AAs in the 

Standard GC Table, then we provide evidence also for the completeness of the set of 4 Py-Pu bases, 

according to the scenario we gave in previous work (Rakočević, 2018a, Section 2, p. 32). 
2
The notions of balancing related to the state of the amino acid (genetic) code, as well as the conditions of 

the system of protein amino acids (PAAS), will be used in the sense of Definitions 1 and 2, given in our 

previous paper (Rakočević, 2018a, p. 33). Under these assumptions, in this paper we consider that these 

states are analogous to the same states found in the Periodic system of chemical elements (PSE), when 

Mendeleev discovered the elements and interpreted their properties by the method of interpolation (Kedrov, 

1997, p. 231). [Encyclopedia Britannica: "Interpolation, in mathematics, the determination or estimation of 

the value of f(x), or a function of x, from certain known values of the function".] 
 

3
 On determination of PSE by the golden mean and the Fibonacci series see in (Trifonov, Dmitriev, 1981) 

and (Rakočević, 1998a). On the determination of the protein amino acid system (as constituents of the 

genetic code), also with the golden mean and the Fibonacci series, see in: (Rakočević, 1998b; 2011b). 
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1966; Rumer, 1966)
4
; in Gray code model of GC (Swanson, 1984) and GC binary tree 

(Rakočević, 1998b)]. In the argumentation of the working hypothesis, we consider that 

the coexistence of GC with Boolean spaces (Swanson, 1984; Rakočević, 1994, 1997b, 

1998b)
5
, analogy with quantum physics (Shcherbak, 1994, 2008),

6
 analogy of genetic and 

chemical code (Rakočević, 2018b) and the existence of "arithmetic inside the universal 

genetic code" (Shcherbak, 2003) are established facts.  

Box 1. The statements of the working hypothesis 

1. The protein amino acid system (PAAS) is an ordered, coherent, and harmonic system. 

[Ordered as in Figure 1 in this paper; coherent as in (Rakočević, 2011a, b); harmonic as 

in (Rakočević, 2004a); with the expectation that all three attributes are applying, while 

when the protein amino acids are not positioned in the genetic code then they are freely 

present in the world of molecules.]. 

2. The order of PAAS is also expressed through the existence of the order of AAs from 

the first to the 20
th

 [The order according to the logic that each subsequent molecule is 

similar to the previous one.]. 

3. "The Little Gauss' algorithm" (Rakočević, 2011b, p. 833) is contained in the Periodic 

system of numbers (PSN) (Fig. A1)- it is a modified algorithm of "Little Gauss", in the 

sense that not the numbers are going from 1 to 100 but from 1 to 101. This phenomenon 

                                                 
4
 The sense of deviation, that is of the degree of freedom in deviation from the standard GC as in: 

(Rakočević, 2018a, Box 2, p. 41). Under the same "degree of freedom" we can now include the "21th" AA 

Selenocysteine (encoded by the UGA codon found in every domain of life on Earth), as well as the "22nd" 

AA Pyrrolysine (coded by UAG in Archaea), and we will not consider them within these considerations. 

Because they are encoding by stop codons, they do not disturb the order within the system of standard 

protein AAs. It is quite certain that it makes sense to investigate the possible completeness, coherence and 

harmony and for the system of "22" protein AAs, as well as the trend towards completeness; also makes 

sense to investigate the completeness of other potential biomolecular systems (Kostić et al., 1998 a,b, pp. 

189-194; 195-200). 
5
 Rakočević, 1998b, p. 46: “Swanson (1984) has shown that ‘the genetic code is almost an example of a 

Gray code… an example of minimum change binary code’ ... If so, then the genetic code can be 

represented in the form of a binary-code tree, according to the natural numbers sequence 0–63”; Rakočević, 

1994, p. 36: „The basic concept from that we start is the Boolean logical square. This square exists within 

Gray code model of genetic code, [which] code can be per se developed in two types of the binary tree: (1) 

the binary tree which keeps the logic of the Gray code. ... (2) the binary tree with the logic of natural 

numbers series”; Rakočević, 1997b, p. 5: „Boolean spaces are the main determinants and invariants of the 

genetic code“. 
6
 For details about analogies of genetic code and quantum physics see in preprint form of paper (Rakočević, 

2018b), OSF Preprints, DOI: 10.31219/osf.io/mxecj (created on October 07, 2017). 
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was the only analogy that could be found in relations to results in previous three works 

(Rakočević, 2006; 2011a,b); however, it can now be shown that this arrangement is 

"taken off" from the PSN (the right picture in Figure 1 in relation to Figure A1). 

4. PAAS correspond with PSN [It refers to the correspondences mentioned in the 

preceding paragraph, but also to others that is first shown.].  

5. The pattern 35-36-61 in the chemical code refers to the number of unstable and stable 

elements respectively in a set of 61 multi-isotopic elements; and in the genetic code refers 

to the number of codons encoding less and more complex AAs respectively in a set of 61 

amino acid codons; and is also valid for the number of atoms in the PAAS [As stated, and 

what we found in Darwin's diagram (Rakočević, 2015), i.e. in his "computer program" 

(first two columns in Table C1 in relation to the third quadrant of Table C2].  

6. PAAS corresponds to the uniqueness of the six-bit binary tree and correspondent Farey 

tree (both trees in: Rakočević, 1998b, Figures 1 & 2, pp. 284-285) [The uniqueness of the 

six-bit tree is in its horizontal and vertical mirror symmetry; it is the first and only 

possible binary tree with one mirror (010/101), as shown in Figure 2 and Figure A2, on 

the left. Notice that the mirror symmetry for the binary records on the genetic code of the 

binary tree (Rakočević, 1998b, Figure 1, p. 284) is a face to back, while for the amino or 

oxo functional groups is a face to face: amino vs. amino and oxo vs. oxo group, in reading 

the binary tree on the left half: from left to right, and on the right half: from the right to 

the left; the same logic  – amino vs. amino and oxo vs. oxo is valid in reading two 

Rumer's octets of nucleotide doublets (Rakočević, 2018a, Table 2A, p. 34). Notice also 

that the comparable position („terminal position“) of the functional group must be the 

amino group in adenine because it does not have an oxo group.]
7

.
  
 

7. PAAS is (evolutionarily) generated through the unity of the mirror symmetry of the 

AAs and the mirror symmetry of the correspondent numbers [It is shown that the mirror 

symmetry 2 vs. 5 (010/101) mapped from the six-bit binary tree to the standard Genetic 

                                                 
7
 “The four [bases] are mutually distinguishable by three main characteristics: the type of base (purine, Pu, 

or pyrimidine, Py); the type of functional group in terminal position (position 6 in purine, position 4 in 

pyrimidine) – either oxo or amino; and the number of hydrogen bonds linking them in the system codon-

anticodon” (Rakočević, 1988, p. 112). 
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code Table (GCT) has a quantitative meaning of the number of atoms (Table 3 in relation 

to Table 7 and Figure 2).].  

8. PAAS corresponds with the uniqueness of the decimal number system [The uniqueness 

of the decimal number system: the 9 non-zero digits correspond to the Cantor triadic set: 

123 / 456 / 789, which quantities we found as natural entities (Rakočevič, 2018a, Fig. 4 

and Rakočević, 2018b, Equations 1 & 2 and Table 4). Notice that the generation of a 

binary tree represents ipso facto a permanent correspondence with the Cantor triad set.) 

On the other hand, the decimal number system is the only one that has a direct connection 

with the golden mean (Table B6, the second row where we find the original golden 

triangle, whose one cathetus is the square root of number 5. Thus, the first cathetus a = 

q/2, the second  cathetus b = 2 and hypotenuse c = 3 = Ф
2
 + ф

2
 (Table B6 in relation to 

Table A1, second column).   

9. PAAS corresponds with the uniqueness of the golden mean and the Fibonacci series of 

numbers. [This statement applies to PAAS when it is a component of the genetic code we 

have shown in several papers; we mention now only two (Rakočević, 1998b, 2004b). 

Here, however, we show that this fact applies to PAAS, regardless of the genetic code.] 

       

The procedure for proving the working hypothesis will be realized by presenting the 

relevant facts in the two main segments of this paper: in the Preliminaries, we give new 

aspects and new knowledge about the previously presented arrangements of the AAs 

within the GC and/or outside of it, while in the Section "New insights" we provide new 

insights into the universal completeness of PAAS. 

Preliminaries 
 

      Already the act of mapping the Gray code model from "A unifying concept for the 

amino acid code" (Swanson, 1984) into a binary code tree (Rakočević, 1998b, Figure 1, 

p. 284) was a hint of the existence of a complete – ordered, coherent and harmonious – 

system of protein AAs. [The Gray code model as in Figure C2, down on the left.] And 

when, with this act, the sequence of "golden" AAs, existing on positions ф
0
 to ф

9
, on the 

binary code tree, the sequence (G-Q-T-P-S-L-F), was transmitted in a sequence of 

Mendeleevian order, according to the growing masses of amino acid molecules: (G-S-T-
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P-Q-L-F) (Rakočević, 2011b, Fig. 6, p. 832), then PAAS was obvious (Figure 1 in this 

paper) (Box 2). 

                 

Figure 1. The left picture: Cyclic Invariant Periodic System (CIPS) of AAs (Rakočević, 

2011b, Fig. 6, p. 832). The right picture from Rakočević (2011b, Fig. 9, p. 834) (Box 2).  

 

Box 2. The explanation of Figure 1 

In Figure 1, the left picture from Rakočević (2011b, Fig. 6, p. 832): "The Cyclic Invariant 

Periodic System (CIPS) of canonical AAs: 1) at the inner side – the atom number within 

amino acid side chains; 2) in the middle position there are chalcogen AAs (S, T & C, M); 

3) follow - in next ‘cycle’ – the AAs of nonalanine stereochemical types (G, P & V, I); 4) 

then two double acidic AAs with two their amide derivatives (D, E & N, Q), 5) the two 

original aliphatic AAs with two amine derivatives (A, L & K, R); and, finally, 6) four 

aromatic AAs (F,Y & H, W) – two up and two down. The mentioned five classes belong 

to two superclasses: primary superclass in light areas and secondary superclass in dark 

areas. Notice that each amino acid position in this CIPS is strictly determined, and none 

can be changed".
8
 New comment, for the left picture: Within "2-3-4-5" rows above plus 

CM from "1" there are 102 and within "2-3-4-5" down plus ST from "1" also 102 atoms.  

                                                 
8
 Rakočević, 1998b, p. 289: "Within seven ‘golden’ amino acids (within side chains) [GSTPQLF] there are 

60 atoms; within their seven complements [VCMINAY] there are [60+(1×6)] and within six non-

complements [DE, KR, HW] there are {[60+(1×6)]+(2×6)} of atoms. [Notice that the differences are 1×6, 

2×6 and 3×6 which means realization of minimum change principle and continuity principle at the same 

time."] 
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The right picture from Rakočević (2011b, Fig. 9, p. 834): "Dark tones: Class I of amino 

acids handled by class I of enzymes aminoacyl-tRNA synthetases [except T]; light tones: 

Class II [except C]." New comment for the right picture (about exceptions C & M) is 

given in footnote 9.  

New comment for both pictures: going from left to the right picture it is evident that 

chemically related groups of AAs come down for 0, 1 and 2 steps, respectively; for zero 

"steps" in aromatics FY-WH; for one step in chalcogen AAs ST-MC and in carboxylic 

DE-QN (carboxylic AAs D & E in relation with their amides N & Q); for two steps in 

AL-KR.  

In support of the completeness of the system on the left picture goes also the splitting 

according to the ratio 8:12 (2:3) in molecule number: (FYLA + KRHW = 107 atoms); 

(QNPI + TMSC + GVDE = 97 atoms). In support of the completeness of the system on 

the right picture go also the relations within the set of 16 AAs of alanine stereochemical 

type, the balanced relations between rows and columns:  

I. (STLA + KRQN = 81)  (LA+MC+QN+WH = 81); LAQN = 4 x 9 = 36; STKR = MCWH = 5 x 9 = 45 

II. (DEMC + FYWH = 91) (ST+DE+KR+FY = 91); DEFY = 36+10 = 46; MCWH = STKR = 5 x 9 = 45 

(The cited previous papers available in www.rakocevcode.rs)   

 

      The determination of the amino acid (genetic) code with the golden mean leads to the 

CIPS (Cyclic Invariant Periodic System) (Figure 1, the picture on the left), in which the 

positions of five classes of AAs are strictly determined, two in the less complex and three 

in the more complex superclass: 1. (SC-TM), 2. (GV-PI), 3. (DE-NQ), 4. (AL-KR), 5. 

(FY-HW); less complex in the 2
nd

 and 4
th

 class and more complex in the remaining three 

classes (1
st
, 3

rd
 and 5

th
), with the following distinction within the side chains of two super 

classes: H, C, N / N-O, O, S plus aromatic AAs.  

      As we can see, the CIPS is indeed a complete amino acid system, but AAs positions 

within the genetic code determine it, and according to our working hypothesis it must be 

a Mendeleevian type of system, in which AAs are ordered from the first to the last, the 

20
th

 amino acid. This condition is fulfilled in certain percentages by the arrangement of 

the AAs that we find on the right picture of Figure 1 as if it was mapped from one of the 

PSN diagonals. (In PSN, Figure A1, this diagonal is in black tones.) At the same time, 

http://www.rakocevcode.rs/
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this arrangement is identical to the arrangement presented on the right picture of Table 

B1, if the quartets of the AAs are read in a circular direction (as in the Gray code model 

within Boolean spaces): STLA, DEMC, KRQN, FYWH. Both these mappings, to some 

extent, confirms the statements of the working hypothesis: 1, 3, and 4. We say "to some 

extent" because we still do not have the order of AAs from the first to the last, but we 

have arrangements of AAs in which their positions are independent of positions in GC 

(the right picture of Figure 1 in relation to the right illustration in Table B1). [The left 

illustration of Table B1 also shows the correspondence with the pattern 25-36-61, as it is 

presented in the legend of Table B1.] 

     It is noteworthy to mention the fact that in all presented AAs pairs, in right picture of 

Figure 1, the first member, as a smaller molecule, belongs to the class II of AAs, handled 

by class II of enzymes aminoacyl-tRNA synthetases, and the second to class I. The 

exceptions are only T and C.
9
 [About two classes of AAs, handled by class I & II of 

enzymes aminoacyl-tRNA synthetases see in: (Wetzel, 1995) and (Rakočević, 1997a); 

also, in Box 3 in this paper.] 

Box 3. Aminoacyl-tRNA synthetases 

There are two classes of aminoacyl-tRNA synthetases. Class I consists of synthetases 

with two highly conserved sequence motifs, which aminoacylate at the 2'-OH of an 

adenosine nucleotide, and they are usually monomeric or dimeric (one or two subunits, 

respectively). Class II of synthetases contains three highly conserved sequence motifs, 

and they aminoacylate at the 3'-OH of the same adenosine, and they are usually dimeric 

or tetrameric (two or four subunits, respectively). Although phenylalanine-tRNA 

synthetase belongs to a class II, it aminoacylates at the 2'-OH. Within the standard 

genetic code’s Table it does not follow a full distinction of AAs in relation to two classes 

of the aminoacyl-tRNA synthetases (Wetzel, 1995, Fig. l, p. 546), but within the Codon 

path cube it follows with only one exception (Rakočević, 1997a, Fig. 1, p. 646). 

                                                 
9
 The 18 AAs are built with four elements, one from the first (H), and three from the second period of PSE 

(C, N, O). The remaining two AAs have one element more (sulfur). These two sulfur AAs (C-M) have 

exactly two chemical analogues among the previous 18 AAs (S-T). It would be expected that in both cases, 

the smaller molecule belongs to Class II, and the larger to Class I; however, this is not the case: a stronger 

hierarchy (among periods) has the advantage: S-T, which do not reach the third period belong to Class II 

and C-M, which can be achieved belong to class I.  
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     Presented classification of AAs within CIPS into classes and superclasses (left picture 

of Figure 1), in correspondence with two classes of aminoacyl-tRNA synthetases, can be 

continued further to obtain subclasses and families. Such a sophisticated classification 

can be useful in analyzing the structure and classification of proteins (Rakočević, 2011b, 

Figure 7, p. 833).    

      However, apart from the all above, we are now able to present new balances in CIPS. 

In Survey 1 it was shown that they have the meaning of the distinctions not only of the 

half the number of molecules vs. the second half, in systems and subsystems (in the ratio 

1:1), but also of the distinctions with the ratio 4:6 or 6:4 which means 2:3 or 3:2 (Tables 

B1, B2 and B3 in relation to Table B6). The ratio 2:3/3:2 we find in the second row of 

Table B6, containing the system of the generalized golden mean; also 2/3 is the harmonic 

mean of a whole and its half, and 3/2 also represents the limit of "golden numbers" 

(Moore, 2004, p. 211.)
10

  

          Survey 1. The relationships within two systems presented in Figure 1 

 

The left area in this Survey (Survey 1) is related to the left picture in Figure 1, and the right 

area to the right one. The members of AAs pairs are symmetrically distributed (F-Y, L-A, 

etc.). See details in the text. 

 

      As it is self-evident (from Table B6), in the special case of generalization, the order 

values of generalized golden mean are related to the series of natural numbers (0, 1), (1, 

                                                 
10

 Except of direct relationship of 2/3 (Tables B1 & B2) with the golden mean (Table B6, 2nd row), there is 

an indirect relationship in the following sense. In the cases presented here: 4 AAs vs. 6 AAs. But this is at 

the same time the 3/2 ratio as: 6 AAs vs. 4 AAs, and it is known that 3/2 represents "the limit of the golden 

numbers" (Moore, 2004, p. 211: “Our concern here is the study of the sequence {gn} of “golden numbers”. 

A computer analysis of this sequence of roots indicated that the odd-indexed subsequence of {gn} was 

monotonically increasing and convergent to 3/2 from below, while the even-indexed subsequence was 

monotonically decreasing and convergent to 3/2 from above”). 
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2), (2, 3) etc., and to Hückel rule at the same time (the right illustration in Table B5: the 

first column in relation to the far right column); also to the squares of natural numbers 

sequence: (1, 2), (2, 3), (3, 4), ..., when they correspond to the balance "11" (Table A1). 

 

Table 1. The order of protein amino acids based on two classes 

aminoacyl-tRNA synthetases 

                         

The left illustration of this Table (Table 1) follows from Rakočević (1998b, Survey 4, p. 290): 

„On the first (full) zigzag line, there are 102+1 atoms whereas on the second (dotted) line there 

are 102−1 atoms. The arithmetic means for both: 102±1. Class II handles the smaller amino acids 

within the pairs (on the left), whereas class I aminoacyl-tRNA synthetases handled the larger 

amino acids (on the right).“ The right illustration is a new arrangement for this paper. See details 

in the text. 

       

      Now we go back to CIPS (left picture of Figure 1 in relation to Survey 1). When the 

first four of the AAs from the first column are added to six of the AAs from the second 

one, and vice versa (Figure 1 in relation to Survey 1), in these groups of AAs the number 

of atoms corresponds to the quantities indicated between the fifth and sixth row of Table 
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A2: 87 as (97 – 10) and 117 as (107 + 10)
11

 [Notice that 87 = 86 + 01]. Here, it is 

particularly interesting the fact that only two sulfur AAs (C & M) appear as a tongue on 

balance: by moving them from one subgroup to another, the balance 87: 117 turns into a 

balance of 102: 102. [In the side chains of 20 standard AAs there are 117 hydrogen and 

87 non-hydrogen atoms (Sukhodolets, 1985; Rakočević, 2011b, Table 7, p. 830).]. But 

the balancing also exists when the distinctions from the state 4 vs. 6 AAs, or 5 vs. 5 (in 

the shaded and non-shaded space) go on and in a different way as shown in Tables B2 & 

B3 and the accompanying Survey B1. In doing so, the quantization from the ratio 87: 117 

goes to 97: 107. 

     In the left part of Figure 1, we see also that at the center of the CIPS system, there is a 

subsystem with high molecular diversity. Two and two AAs of non-alanine types (G-P 

and V-I) have "captured" the only two sulfur AAs (with sulfur existing in the third period 

and the sixth group of PSE: cysteine and methionine) and their two oxygen analogues 

(existing in the second period and a sixth group of PSE: serine and threonine). Realizing 

that here we have a Mendeleevian order (continuity and minimum change in atom 

number) with glycine in front: G-S-T-P, it makes sense to bring it in connection also with 

Mendeleev’s based  subsystem of the remaining 12 AAs of alanine type, led by alanine 

and presented in left picture of Table B1. [The only change in this process of connecting 

the two subsystems is that C and T exchange their positions.] The two subsystems thus 

connected give a new system, presented in Table 1. 

      The left illustration in Table 1 was firstly published in 1998, and then in 2004 

(Rakočević, 1998b, Survey 4, p. 290; 2004a, Fig. 1, p. 222). With all provided 

information there, we now show distinctions from the aspect of division into 4: 6 amino 

acids. The illustration on the right side of Table 1 shows that the pattern 25–36–61 is 

really "played" here, which we already had with the genetic code and chemical code 

(Rakočević, 2018a and 2018b). On the right side is the first-class of amino acids, and on 

                                                 
11

 Relationships with quantities 97/107 we can find in all essential arrangements of AAs: Table 1 & 2, 

Tables B2 & B3, and Survey B1. 
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the left side is the second class of amino acids.
12

 Each molecule from the second class is 

smaller than the paring member in the first class. 

      At the bottom of the first class, there are four amino acids in which there are exactly 

61 atoms, and at the top, there is the amino acid quartet which, together, with their in the 

second-class partners (total of eight amino acids) together also have 61 atoms. The two 

quartets in the right column are separated by a doublet L-E, while in the left column the 

quartet  A-D-H-F is splitting into doublet A-D and doublet H-F; the H-F exactly with 25 

atoms, and A-D with 11 atoms; a total within the quartet of 36 atoms. In two "breakable" 

doublets (diagonally connected) there is 23+23 = 36+10 atoms. Altogether exactly as it is 

predicted by working hypothesis (statements 4 & 5), and showed in Table A2 (the fifth 

and sixth row). 

New insights  
 

      From a chemical point of view the first step of classification of protein amino acids 

(AAs), must be the classification into aliphatic and aromatic AAs, where on a 

hierarchical scale of changes by similarity and complexity, aliphatic AAs must precede 

the aromatic. For the same reason of the chemical hierarchy, within the class of aliphatic 

AAs at the beginning must be the hydrocarbon AAs (possessing in the side chain carbon 

and hydrogen, or hydrogen only, in the case of glycine), and at the end two sulfur AAs, 

quite different from preceeded non-sulphuric AAs. It means that two sulfur AAs (as the 

last in the class of aliphatic amino acids) must be found in direct contact to the aromatic. 

Full certainty 

 

      In the further course of the sequencing of AAs, in terms of changes by similarity, 

from the aspect of the AAs singlets and/or doublets, i.e., pairs, the appropriate 

distinctions in three areas should be considered: hydrocarbon, aromatic, and those 

between them. In the set of aromatic AAs, Phe came the first, as the simplest, followed 

                                                 
12

 The class I is realized by AAs handled by class I, while class II is realized by AAs handled by class II of 

enzymes aminoacyl-tRNA synthetases, respectively. 
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by Tyr, and Trp, all three with possession of a benzene ring.
13

 At the very end ultimately 

must be His, the only one which does not possess the aromatic benzene ring (Table 2 in 

relation to Survey 2). 

      In the set of hydrocarbon AAs, at the very beginning must be Gly as the simplest AA, 

followed by Ala as the first possible case of hydrocarbon series with an open carbon 

chain. At the same time, for chemical reasons, it seems that Gly-Ala can be considered as 

a pair of AAs. Then comes the par Val-Pro, both with three carbon atoms in the side 

chain, rather than Leu and Ile with four carbon atoms. Val with half-cyclic chain precedes 

Pro. [On the relations between valine and proline, such that the valine is bound by the 

vertices, and the proline by the side of the isopropyl "triangle" for the amino acid 

functional group, see in (Rakočević and Jokić, 1996).]  

Order uncertainty  

 

      After the pair Val-Pro, it follows the pair Leu-Ile or Ile-Leu? One possible solution is 

that Ile precedes leucine (Table 2) because it has already been demonstrated that Ile 

chemically best suits to the proline (Rakočević and Jokić, 1996, Survey 1.2), and in 

addition it is a derivative and pairing-member of valine within a set of only two AAs of 

the valine stereochemical type (Rakočević and Jokić, 1996; Rakočević,  1998b, Survey 4, 

p. 290). In this solution, Ile has the status of "the first and only" possible derivative, the 

valine derivative, from the aspect of the change at the end of the valine side chain ("non-

standard" hydrocarbon amino acid  in the set of 20 AAs due to the above-mentioned 

"triangle" in the amino acid side chain); and the leucine has the status of "the first 

possible case" from the aspect of hydrocarbon chain branching. 

                                                 
13

 In fact, it is a toluene ring, as a condition of belonging to the alanine stereochemical type, with one CH2 

group between the "head" and "the body" of amino acid molecule (Rakočević and Jokić, 1996. [The 16 

AAs of alanine stereochemical type; the 04 AAs of non-alanin stereochemical types: glycine type with only 

glycine, proline type with only proline and valin type with valine and isoleucine (Popov, 1989; Rakočević 

and Jokić, 1996).] 



Chemia Naissensis, Vol 2, Issue 1, RESEARCH ARTICLE, 1-43 

14 

 

                          Table 2. The order of protein amino acids based  

                                          on chemical similarity 

                          

The 20 protein AAs are arranged into two decades in accordance to ordinal amino acid 

number, 1-10 and 11-20; the numbers presented outer: the ordinal numbers 1-20; the numbers 

presented inner: the number of atoms within side chain of the responding amino acid. In red 

color AAs handled by class I aminoacyl-tRNA synthetases. In both columns: odd 50 and 

even positions 52 atoms. Within two decades there are 120 atoms in each; in both zigzag 

lines also 102 and 102 atoms. First four plus six last equals 97/107 respectively [(GAVP) + 

(CMFYWH) = 97] [(NDST) + (ILKRQE) = 107][VILRQE = CMFYWH = 74] [GAPK = 

NDST = CMYW = 28][(1 x 74 = 74) (3 x 28 = 84)]. See details in the text. 

 

      Another possibility is that Leu precedes the isoleucine to the following logic and 

chemical similarity: In the relation of Val-Pro vs. Leu-Ile, the Leu chemically 

corresponds more to valine and Ile to proline (Table B4). "Paradoxically," there is a 

change of status: now Leu has the status of "the first and only" possible derivative, in a 

set of only two AAs, in the pair of Val-Leu, where happens the splitting into the valine 

and alanine stereochemical types. In doing so, the derivation occurs at the beginning of 

the valine side chain, in contact with the amino acid "head", i.e., amino acid functional 
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group. [This uniqueness of the two-member set also follows from the above said 

uniqueness of the isopropyl group "triangle".] On the other hand, Ile gets now the status 

of the "first possible case" from the aspect of the branching.        

     However, this "paradox" should not be surprising. If the analogy with quantum 

physics is already on the scene, then this kind of analogy with Heisenberg's uncertainty 

principle can be expected.        

    

The "between" area    

 

       Finally, it remains to determine the chemical distinctions of AAs in "between" area. 

We have already said that sulfur amino acid pair, Cys-Met, precede aromatic amino 

acids. As chalcogen AAs, they must be in contact with other two chalcogen amino acids, 

Ser-Thr. By this, the contact has to be made via Cys because it possesses SH group, 

correspondent to OH group in Ser as well as in Thr. 

      It is to be understood that a pair of oxygen AAs with the hydroxyl (OH) functional 

group in side chain must be in contact with a pair of two also oxygen AAs, but which 

possesses the carboxyl (COOH) functional group: Asp-Glu. However, the problem is that 

both of these two AAs have their amide derivatives (Asn-Gln) and it is not easy when 

determining the distinctions, which here proceeds and which follows.  

     It turns out, however, that the problem is easier to solve when returning to the 

beginning, in the area of hydrocarbon AAs, to the "point" of the pair Ile-Leu. Further 

must  follow the pair of nitrogen derivatives, Lys-Arg, and Lysine must come first with 

four carbon atoms in the side chain, which number is also valid for Leucine; and then, 

with the validity of both principles – the continuity and minimum of change – comes 

Arginine with three atoms (not counting carbon atom in the guanidino group). Then, 

chemically speaking, it is very natural that after Arginine comes Gln with its precursor, 

the glutamic amino acid, both (Gln-Glu) with two carbon atoms in the side chain; it is 

natural indeed that, in terms of chemical similarity, after 3C atoms occurs changes into 

2C atoms, better than into 1C atom, like in the pair Asn-Asp. [As in the case of the 

guanidino-functional group in arginine, no carbon atom is counting in the carboxylic or 
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amide functional group.] With this, chemical sequencing of series of 20 AAs closes, 

starting from the first, glycine, and ending with very different histidine (Table 2). 

 

                       Survey 2. The relationships in the system presented in Table 2  

                  

The Survey (Survey 2) presents the relationships in Table 2. The key results appear to be in 

relation to the quantity 97 which follow from the pattern 25-36-61 [(25+36 = 61) (61+36 = 

97)]; the adding as in Fibonacci series; cf. Table A2 rows 5 & 6); other balance quantities: 

102 and 51 as the ½ and ¼ of quantity 204 as the total number of atoms within 20 amino acid 

side chains. [Rakočević, 2004a, a legend to Fig. 1, p. 222: “within AAs (side chains) in class 

II there are 81, whereas in the class I the 0123 of atoms. Notice that 81 (as 9 x 9) is the first 

possible (zeroth) arithmetic square in module 9, and 0-1-2-3 is the first possible (zeroth) 

logical square (as 00-01-10-11).”] 

 

The main result 

 

      The main result of this pure chemical sequencing of AAs, presented in Table 2, shows 

that these chemical distinctions are accompanied by specific arithmetic regularities, 

including the existence of amino acid ordinal numbers from 1 to 20, with two decades (1-

10 and 11-20); and also shows the full balance of the number of atoms in the 20 amino 

acid molecules: 102±0 atoms in two decades, as well as on two zigzag lines, where such a 

system with two zigzag lines represents the first possible periodic system with two 

periods.  

      There is also another result, also directly "taken up" from the Periodic system of 

numbers (PSN), which simultaneously corresponds to the unique situation in the PSN 

(Figure A1) and the number of atoms in 20 AAs: 26-42-59-77, within side chains of 4 x 5 
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of AAs which grouping follows from four amino acid diversity types
14

 (Rakočević, 

2011b, Figure 3, p. 828). Since these four results are obtained from the "center" of the 

PSN, it makes sense to compare them with four results obtained from the diagonal of the 

same system, presented in the right picture of Figure 1 (Equation 1). By this, it makes 

sense to assume that the quantities "2" and "5" should be understood in the same manner 

as in Figure 2 (as well as the quantities "1" and "6"), „taken up” from the six-bit binary 

tree, as shown in Equation 2 (in relation to Figure C3). 

 

      

      

 

 

 

Figure 2. The arrangement is "taken off" from 

the Periodic Number System (PNS, Figure 

A1), from where the significant diagonal 

connects with the initial triangle in Boolean 

space: 0,1,2 (000, 001, 010). On the left side 

(shaded) there is a doubled sequence 0-1-2, 

connected and superposed with its mirror 

image. Following the logic given in statement 

6 of the working hypothesis (Box 1), it makes 

sense to add the "2" and "5" quantities in the 

best balance relations. The numbers 02, 13, 24, 

16, 05 are obtained, and their mirror image in 

the tenth step, as shown in Table A3. 

 

                                     

                                                 
14

 (G1+A4+C5+N8+P8 = 26); (S5+D7+T8+Q11+H11 = 42); (Y15+M11+E10+V10+L13 = 59); 

(W18+R17+F14+I13+K15 = 77). These four sets of AAs follow from four amino acid diversity types (see 

explanation of Table 6 in Box 4).  
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Table 3. The order of five quartets of protein amino acids following from Table 2 (I) 

 

This Table (Table 3) follows from Table 2 and PSN (Figure A1), from a doubled starting 

triangle from the top of the last column; triangle switched with its mirror image and 

superimposed: (00-11-22 / 22-11-00 → 00-11-22-11-00 (Table 2 and Table A3). Now we can 

see that with this arrangement the distinctions and classifications of protein AAs follow 

another multiplication of number 6 more than was found in the golden mean determination of 

CIPS (see the legend of Figure 1). Together with the results: (10 x 6 = 60), (11 x 6 = 66), (13 

x 6 = 78), we now have the result (12 x 6 = 72). There is still no result (14 x 6 = 84), so if it 

will occur, then – bingo, the only mirror logical square in the series of natural numbers is 

reached, also included in Darwin's "computer program". [On the only Darwin’s diagram in 

his famous book Origin of species, we see that at the top of the branch "m", between the 

written numbers 10 and 14, the positions of unwritten numbers 11, 12 and 13 are also 

indicated (Figure C1).] 
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Table 4. The order of five quartets of protein amino acids following from Table 2 (II) 

 

In this Table (Table 4), all is the same as in Table 3, but with the diagonal one step lower. 

The colors are used to indicate the AAs that are repeated in the "84 atoms" and "120 atoms" 

quantities in Table 5. From that crossing a specific amino acid distinction follows: at the 

beginning of dark area the 8 AAs (G, A, V, P, L, N, D, S) as the first possible cases, and at 

the beginning of light area the 2 AAs (I, K) as "non-standard" AAs: Ile, as the only one 

derivative within the valine stereochemical type, and Lys as the fourth case, instead of the 

first as in the Ser and Cys case. In the light area follow the 4 AAs (Q, E, R, W) as the second 

(Gln, Glu) or different (Arg, Trp); in the dark area follow the 6 AAs (C, M, F, Y, H, T), two 

sulfur, three aromatic and one with hydroxide functional group. (Cf. legends of Tables 5 & 

6.) [It is possible to see the "rotation" in the Ile-Leu pair, depending on which precedes, and 

which follows in PAAS, presented in Table 2, what is explained in the Section "Order 

uncertainty".] 

 

 

Table 5. The order of five quartets of protein amino acids following from Table 2 (III) 

               

In this Table (Table 5) all is the same as in Table 3, but with the opposite diagonal in relation 

to diagonal in Table 3, and colors as in Table 4. 
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     Survey 3. The balance relationships between the arrangements in Tables 4 and 5 

                   

 

 

 

Figure 3. The multiplication of number 6 

found in arrangements of AAs in Figure 1 

and Tables 3, 4 and 5: the multiples of 10, 

11, 12, 13, 14. (The unique sequence as in 

Table A4 and in top of Darwin’s Diagram 

(Figure C1: m
10

 – m
14

). 

 

                                 

 

                    Table 6. New splitting within the arrangement presented in Table 2 
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Box 4. The explanation of Table 6 

The left illustration in Table 6 follows from Survey 3 and Table 4, while the right 

illustration follows from Table 2 by rotating the second decade by 180 degrees. [This 

rotation process is a kind of cyclization; thus, the amino acid arrangement in Table 2 we 

can call CIPS II versus CIPS I in left picture of Figure 1.] The left illustration contains 

the result of the crossing of Table 4 with Table 5. Four "new types" of amino acid 

diversity, comparable to those previously found (Rakočević, 2011b), were obtained. The 

new types: [(G, A, V, P, L, N, D, S); (C, M, F, Y, H, T); (Q, E, R, W); (I, K)]: the 8 AAs 

as the first possible cases; the 2 AAs as "non-standard" (as it is explained in the legend of 

Table 4); the 4 AAs as the second (Gln, Glu) or different (Arg, Trp); the 6 AAs, all the 

same as the 6 AAs in the "old types" of diversity (Rakočević, 2011b), all but one, Thr 

instead of Trp. [Thr is the only "black sheep" in the set of 16 AAs of the alanine 

stereochemical type, given that one of its hydrogen atoms in the CH2 group, between the 

head and the body, is replaced by one CH3 group; on the other hand, Trp is the only 

"black sheep" in the set of aromatic AAs, having two rings.] "Old type": [(G, P); (A, L, 

V, I); (C, M, F, Y, W, H); (R, K, Q, N, E, D, T, S)]: the 4 hydrocarbon AAs; the 2 as 

different, "non-standard" hydrocarbon; the 8 AAs that within the side chain ("body") 

have a functional group mapped from the "head"; the 6 AAs in which there is no mapping 

of functional groups from head to body. 

 

Table 7. The generalized Table of standard Genetic code 
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       Table 7 presents the codon families and their positions on the six-bit binary tree 

(Rakočević, 1998b, Figure 1). By comparing the positions of codons and AAs on this 

binary tree, we find that the arrangement is determined by cross-mirror symmetry, in 

contrast to 000 FLL/111 SRG on the left diagonal and 010 IMV/101 CWR on the right 

one. In doing so, the key contrasts are: on the least change path Phe UUU 000 000 vs. 

111 111 GGG Gly crossed with Val GUC 010 101 vs. 101 010 UGA "stop" on the path 

of the maximal changes, when each zero number follows the number one and vice versa. 

[Notice that “The path of the maximal changes” (101 010 etc., on the correspondent 

Farey tree is “The golden ruth” as it is presented in Figure 2 in (Rakočević, 1998b).] 

       

 

 

Figure 4. This arrangement of PAAS 

follows from the right illustration in Table 

6 (from CIPS II). The expression of the 

principle of balancing, through the 

interconnection of the chemical properties 

of AAs, the number of atoms and the 

ordinal number of AAs in CIPS II, is self-

evident. Confirmation of V. Shcherbak’s 

hypothesis (1994) on the analogy of the 

amino acid (genetic) code with quantum 

physics also. 

 

    However, the result of the most surprising is the result shown in Table 3 (in relations 

with Tables 4 & 5). It is indeed a mirror image of our hypothetical result, which we gave 

with a working hypothesis (the statement 6 in relations to the statements 2, 4, 7 and 8): 20 

-31-42-61-50 vs. 02-13-24-16-05 (Figure 2 in relation to Table A3). In the system 

presented in Table A3, the result is found in the 10th step, with sum 204, as well as the 

number of atoms in 20 AAs, in their side chains. As a curiosity or something more than 

that, the right neighbor is the number 220 (the first friendly number), the lower vertical 
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neighbor is the number 284 (the second friendly number) and the top 124 the fourth of 

the third perfect number (124 x 4 = 496).]
15

         

      Altogether these are systematic natural arrangements, whose organization and 

determination correspond with the principle of self-similarity.
16

 The already well-known 

facts that genetic code represents an analogy with natural (verbal) language
17

 are joined 

now to the facts about analogies between genetic code arrangements and specific 

arrangements within the set of natural numbers.
18

  

 

Conclusion 
 

      The facts and arguments presented in this paper fully confirm all nine statements of 

the working hypothesis (Box 1) about the existence of a complete system of protein 

amino acids (PAAS), both in biotic as well as in prebiotic conditions, i.e. within the 

amino acid (genetic) code, and independently from it. The existence of such facts also 

supports our hypothesis that the genetic code, viewed through its chemical constituents, 

was still prebiotic complete (Rakočević, 2004a). Also, everything that is discussed in this 

paper is in favor of our attitude that both genetic and chemical code corresponds to one 

specific spontaneous, intelligent design (SPID) (Rakočević, 2018a, Box 4).
19

 

                                                 
15

 A hypothesis on the determination of the genetic code with the perfect and friendly numbers we have 

presented in the book (Rakočević, 1997b). (www.rakocevcode.rs) [Perfect numbers: 6, 28, 496, 8128, etc.; 

the pairs of the friendly numbers: (220-284), (1184-1210), (17296-18416) etc.] 
16

 “In correspondence with this, Complete Genetic Code must be based on several key principles. We are 

going to list only those considered to be the most important: 1. The principle of systemic self-related and 

self-similar organization. …”  (Rakočević, 2004a, p. 231). 
17

 “Rumer (1966) suggests that encoding by dinucleotide aggregations is mediated by ‘grammatical’ 

formalism (the relation between words and the root of the word), semantics (one-meaning and multy-

meaning codon families) and by semiology, i.e. semiotics (the classification of nucleotide doublets after the 

number of their hydrogen bonds which appear here as ‘significant’ and ‘signifié’” [(Rakočević, 2018a, pp. 

31-32 in relation to (De Saussure, 1985, p. 99) (Cf. De Saussure’s logical square of natural language in 

relation with the genetic code language in Figure C2)]. 
18

 “In determination of the genetic code, except two inherent alphabets – twenty amino acids and four 

amino bases (two pyrimidines & two purines – is involved still one ‘hidden alphabet’, the series of natural 

numbers, with all its regularities and laws” (Rakočević, 2011a, p. 4). An "unfaithless Tomas" may consider 

this to be numerology, but the facts are the facts. For any theory of probability, it is not possible to prove 

that all these "downloads" of chemical facts from the Periodic system of numbers (PSN) are mere 

coincidence.  
19

 In further research, it may be possible to get a better term (and notion) by analogy with Carl Jung's term 

"Synchronizität" ("Synchronicity": Jung, 1993), but with the opposite meaning. This new term could be 

http://www.rakocevcode.rs/


Chemia Naissensis, Vol 2, Issue 1, RESEARCH ARTICLE, 1-43 

24 

 

  

Acknowledgment 
 

I am very grateful to the Editorial Board of the Journal Chemia Naissensis for the kind 

invitation to write this paper. This invitation refreshed my beautiful memories on the 15 

final years of my professional work at the Department of Chemistry, Faculty of Science 

and Mathematics, University of Niš. Especially I thank to Vesna Stankov Jovanović, 

Editor-in-Chief and to Biljana Arsić, Deputy Editor-in-Chief, for the great help in the 

editing of the paper. Also, I am very grateful to Dejan Raković for helpful and 

stimulating discussions in the preparation of the paper for publishing. 

 

References 
 

Crick, C.  H. F. (1966). The genetic code yesterday, today and tomorrow, Cold Spring Harbor 

symposia on quantitative biology, 31, 3-9; Published also in: The chemical basis of life – an 

introduction to molecular and cell biology. Scientific American, 1973, 192–198. 

Crick, C. H. F. (1968). The origin of the genetic code. Journal of Molecular Biology, 38, 

367–379. 

Darwin, Ch. (1859). On the Origin of Species. London: John Murray. 

De Saussure, F. (1985). Cours de linguistique générale. Paris: Payot.  

Jung, C. G. (1993) [1952]. Synchronicity: An acausal connecting principle. Bollingen, 

Switzerland: Bollingen Foundation. ISBN 978-0-691-01794-5. Since included in his 

Collected Works volume 8.  

Kedrov, B. M. (1977). Predictions of Mendeleev in Atomism – Unknown Elements. 

                                                                                                                                                 
"Harmonizität" ("Harmonicity"), but while Synchronicity refers to acausal "meaningful coincidences", the 

Harmonycity refers to indirect-causal meaningful correspondences. These correspondences follow from 

interpolation relationships within PSE, with the validity of two Mendeleevian principles (continuity and 

minimum change), both for chemical elements and for compounds that build complete and consistent 

molecular systems. 

  

 

 

 



Chemia Naissensis, Vol 2, Issue 1, RESEARCH ARTICLE, 1-43 

25 

 

Kostić, A. D., Miletić, S. S., & Rakočević, M. M. (1998a). Natural categorization of 

flavonoids, V Symposium on flora of Southeast Serbia, Zaječar, 1997, Proceedings, 

University of Niš, Faculty of Technology in Leskovac, pp. 189-194. [V Simpozijum o flori 

Jugoistočne Srbije, Zaječar, 1997, Zbornik radova, Univerzitet u Nišu, Tehnološki fakultet u 

Leskovcu, pp. 189-194.]  

Kostić, A. D., Rakočević, M. M., Miletić, S. & S. (1998b). The evolution development of 

flavonoids characteristics, V Symposium on flora of Southeast Serbia, Zaječar, 1997, 

Proceedings, University of Niš, Faculty of Technology in Leskovac, pp. 195-200. [V 

Simpozijum o flori Jugoistočne Srbije, Zaječar, 1997, Zbornik radova, Univerzitet u Nišu, 

Tehnološki fakultet u Leskovcu, pp. 195-200.] 

Moore, G. A. (1994). The limit of the golden numbers is 3/2. The Fibonacci Quarterly, June-

July, 211-217. 

Popov, E. M. (1989). Strukturnaya organizaciya belkov. Moscow: Nauka, in Russian. 

Rakočević, M. M. (1988). Three-dimensional model of the genetic code. Acta Biologiae et 

Medicinae Experimentalis (Prishtina), 13, 109–116; excerpt in: www.rakocevcode.rs. 

Rakočević, M. M. (1994). Logic of the Genetic Code. Belgrade: Naučna Knjiga. 

Rakočević, M. M. (1997a). Two classes of the amino acyl-tRNA synthetases in 

correspondence with the Codon path cube. Bull. of the Mathematical Biology, 59, 645–648. 

Rakočević, M. M. (1997b). The Genetic Code as a Unique System. Niš: Studentski Kulturni 

Centar, www.rakocevcode.rs. 

Rakočević, M. M. (1998a). The Harmony of the Periodic System of Chemical Elements, 

Flogiston, 7, 169-183, Belgrade (in Serbian, with a broader summary in English). 

Rakočević, M. M. (1998b). The genetic code as a Golden mean determined system. 

Biosystems, 46, 283–291. 

Rakočević, M. M. (2004a). A harmonic structure of the genetic code. Journal of Theoretical 

Biology, 229, 221–234. 

Rakočević, M. M. (2004b). Further generalization of Golden mean in relation to Euler’s 

„divine“ equation. FME Transactions (Faculty of Mechanical Engineering, Belgrade, Serbia), 

32, 95-98. 



Chemia Naissensis, Vol 2, Issue 1, RESEARCH ARTICLE, 1-43 

26 

 

Rakočević, M. M. (2006). Genetic Code as a Harmonic System. arXiv:q-bio/0610044 [q-

bio.OT] 

Rakočević, M. M. (2011a). Genetic Code: Four Diversity Types of Protein Amino Acids. 

Rakočević, M. M. (2011b). Genetic code as a coherent system. NeuroQuantology, 9 (4), 821-

841. 

Rakočević, M.M., 2015. Enigma of Darwin Diagram. http://dx.doi.org/10.17605/OSF. 

IO/QZG69. stored on 2015-01-06. Also stored in: OSF Preprints, 2017-11-29 (UTC). 

www.rakocevcode.rs. 

Rakočević, M. M. (2017a). Analogies of Genetic and Chemical Code. 

http://dx.doi.org/10.17605/OSF.IO/MXECJ. (stored also in: OSF Preprints 2017-08-09) 

Rakočević, M. M. (2018a). The Cipher of the Genetic Code. BioSystems, 171,  31–47.  

Rakočević, M. M. (2018b). Analogies of Genetic and Chemical Code. Polyhedron, 153,  

292–298. 

Rakočević, M. M., & Jokić, A. (1996). Four stereochemical types of protein amino acids: 

synchronic determination with chemical characteristics, atom and nucleon number. Journal of 

Theoretical Biology, 183, 345–349. 

Rumer, Y. B. (1966). O sistematizacii kodonov v geneticheskom kode, Doklady Akademii 

Nauk SSSR, 167, 1393–1394. 

Shcherbak, V. I. (1994). Sixty-four triplets and 20 canonical amino acids of the genetic code: 

the arithmetical regularities. Part II. Journal of Theoretical Biology, 166, 475-477. 

Shcherbak, V. I. (2003). Arithmetic inside the universal genetic code. BioSystems, 70,  187–

209.  

Shcherbak, V. I. (2008). The arithmetical origin of the genetic code. In: Barbieri, M. (Ed.), 

The Codes of Life: the Rules of Macroevolution. Berlin: Springer, pp. 153–181. 

Sukhodolec, V. V. (1985). The meaning of the genetic code: the reconstruction of the stages 

of prebiological evolution (in Russian). Генетика XXI (10), 1589–1599. 

Swanson, R. (1984). A unifying concept for the amino acid code. Bulletin of Mathematical 

Biology, 46, 187–207. 

Taylor, R. J. F., & Coates, D. (1989). The code within codons. Biosystems, 22, 177–187. 



Chemia Naissensis, Vol 2, Issue 1, RESEARCH ARTICLE, 1-43 

27 

 

Verkhovod, A. B. (1994). Alphanumerical divisions of the universal genetic code: new 

divisions reveal new balances. Journal of Theoretical Biology, 170, 327–330. 

Trifonov, N.D. & Dmitriev, S.I. (1981). On the quantitative interpretation of the periodical 

system, in the book: The Doctrine of Periodicity, edited by D. N. Trifonov, Moscow: Nauka 

Publishing House (in Russian) 

Wade, Jr., L. G. (2013). Organic Chemistry, 8th international edition. New York. 

Weaver, R. F. (2012). Molecular Biology, 4th international edition. New York: McGraw-

Hill. 

Wetzel, R. (1995). Evolution of the aminoacyl-tRNA synthetases and the origin of the 

genetic code. Journal of Molecular Evolution, 40, 545-550. 

Woese, C.R., et al. (1966). On the fundamental nature and evolution of the genetic code. 

Cold Spring Harbor Simposia on Quantitative Biology, 31, 723-736. 

 

 

 



Chemia Naissensis, Vol 2, Issue 1, RESEARCH ARTICLE, 1-43 

28 

 

 

APPENDIX A 

  

Periodic system of the numbers 
 

      The periodic number system (PSN) was originally given in: (Rakočević, 2011a, Table 

4, p. 12 and 2011b, Table 4, p. 826), and here is only a different shading and one relevant 

diagonal with its own source in the double starting "triangle": (00-11-22). [We say 

"triangle" thinking that this number series corresponds with the first possible "triangle" in 

Boolean space (0-1-2, i.e. 000-001-010). However, this is a special topic that remains 

outside of the scope of this paper, for some other occasion.] In both previous 

presentations, in order to avoid misunderstanding in the scientific public as "pure 

numerology," I only labeled it "Table of minimal adding". Now I can no longer run back, 

and here I am presenting it as a PSN, as a reality. 

 

 

Figure A1. The first three non-negative numbers in the far right column correspond with the 

zeroth triangle (0,1,2) in Boolean spaces, and the first four (0,1,2,3) with the logical square 

(as in Figures C2 & C3). The end right column can also be read as (0,1), (1,2), (2,3), (3,4) 

and so on, as in the last column of Table B5. 
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Table A1. Possible periodic systems of numbers  

 

 

The  row "10" in this Table follows 

from PSN presented in Table A1; all 

other rows follow from analog 

number systems. From the fact that 

pattern 25-36-61, valid both in 

genetic and chemical codes, follows 

the conclusion that in the case of the 

existence of biomolecules, only 

decimal number system has 

"passed" through Darwin's selective 

sieve. What is surprising, however, 

is the fact that Darwin's sieve is 

matched with the "pulse" of Bing 

Bang. 

 

             Table A2. A double Fibonaccian step 

 

 

The Table presents – in the red area – a 

double Fibonaccian step. From the fact 

that pattern 25-36-61 is valid both in 

genetic and chemical codes, and 

patterns 25-36-61-86 & 25-36-61-86-

97 are valid in genetic code, follows 

the conclusion that in Nature realy 

exists such a double Fibonaccian step. 

[These are not Fibonacci numbers, but 

it is the Fibonacci rule.] 
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Table A3. The source of PAAS mirror symmetry  

 

                              

The arrangement represents the Table of distinct 2-5 adding (TDA) with starting column 00-

11-22-11-00 which follows from PSN (Periodic system of numbers: Figure A1) in decimal 

number system by overlapping the real sequence of doubled the first possible triangle in 

Boolean space (0-1-2) with its mirror image through compression and superposition at the 

point "22"). In the 10th step we have a realization of the sequence (20-31-42-61-50), the 

same with the number of atoms  in five AAs classes (20, 31, 42, 61, 50) as it is here 

presented: all five results in the 10th step are mirror image of the first step. (Cf. Figure 2 and 

see details in the text.) 
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Table A4. Mirror symmetry within the sequence 11-12-13-14 in the decimal 

number system (Rakočević, 1994, p. 235) 

 

                           

 

 

 

 

Figure A2. Mirror symmetry within the binary number record on the Boolean cube (on the 

left). Mirror symmetry within the codon distribution to a six-bit binary tree; an example: two 

branches, each with 32 codons vs. 32 codon pairs (on the right). 
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APPENDIX B       

 

Harmonic amino acid structures 

 

 

Table B1. The distinctions of 16 AAs of alanine stereochemical type 

                            

In the Table it is given a classification of 16 AAs of alanine stereochemical type into 8 

chemically adequate pairs. In both crossing lines there are 86±0 atoms. [86 + GV 11 = 97 and 

86 + PI 21 = 107 (cf. Table A2, 5th and 6th row)].  The differences 8 and 9 (9 - 8 = 1) 

express the minimum change relation among the amino acids [as in Gray code model of GC 

(Swanson, 1984, p. 191)]. The order (ordinal number) follows from the atom number 

hierarchy. Notice that within outer class (2:4 = 1:2 AAs or amino acid pairs) there is a 

balance of the number of atoms: [(4 + 33 = 37) + (13 + 25 = 38) = 75 (86 – 11)]; and within 

inner class (4:6 = 2:3) [(10 + 38 = 37 + 11) + (19 + 30 = 38 + 11) = 97 (86 + 11)] (All 

examples as Shcherbak’s analogies with quantum physics.) Notice also the realization of 25-

36-61 pattern: AME = LCD = 25. [This 25 + (GV 11) from non-alanine types equals 36.]; on 

the other hand, AAs in green as well as AAs in blue equals 61 atoms. The right illustration 

contains the algorithm for the generation of a variant ("wobble" variant!) of CIPS as it is the 

right picture in Figure 1, by reading as from a logical square in the Gray code model: STLA, 

DEMC, KRQN, FYWH. (Left illustration from: Rakočević and Jokić, 1996, Survey 1, p. 

346; right illustration from: Rakočević, 2011b, Table 2.1, p. 823.) 
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Table B2. The significant distinctions in CIPS (I)                                                                  

                         

The distinctions of AAs after the ratio 4: 6 = 2:3 on the left and 5:5 = 1:1 on the right. The 

resulting relationships are analyzed in Table B3 and Survey B1. 

 

  

                         Table B3. The significant distinctions in CIPS (II) 

 

The analysis of relationships in Table B2 after crossing of quantities 97 and 107. New order 

in relation to left picture in Figure 1: [(YF AL) → aliphatic and carboaromatic]; [(QN PI) → 

the first three nitrogens, the fourth one links P with valine, i.e. via isopropyl group "triangle"] 

[GV DE → vs. PI QN]; [RK WH → all are nitrogens]; [On the left (AL FY) → initial 

aliphatic and initial aromatic; On the right (RK WH) → right end: all are nitrogenous]. In the 

middle of the system are chalcogenes. All four columns correspond to CIPS on the left 

picture in Figure 1: two and two rows from top to bottom. 
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            Table B4. The number of conformations (total: 202 + 203 = 405) 

            

This Table is the same as Table 2, except that Leu proceeds Isoleucine, and instead of the 

number of atoms in AAs, is given the number of conformations, as in Popov (1989, Table 8, 

p. 88). The balancing of conformation as follows: From (a) to (c) the difference in the 

number of conformations in two columns (decades) in relation to the middle pair 202-203, 

with a change for ± 100; (d) from: (Rakočević, 2004a, Table 8, p. 228) and (Rakočević, 

2018a, Table 8, p. 44) where is shown the change in the number of conformations for ± 001 

in the GC Table, if the order of AAs follows the order of their coding codons, in the 

hierarchy of the number of hydrogen bonds; from (e) to (f) the number of conformations in 

odd positions in relation to multiples of Shcherbak’s "Prime quantum 37" with a change for ± 

10; from (g) to (h) the number of conformations in relation to the second friendly number; (i) 

the number of conformations in relation to the second friendly and the third perfect number; 

(k) the number of conformations in relation to the second friendly number and to the 

significant determinant of GC, as is the number 333 (Rakočević, 2018a, p. 37: the sixth 

column in Survey 2). 
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                 Survey B1. The relationships within two arrangements presented in Table B2 

                        

 

                  Survey B2. The determinations on the six-bit binary tree  

                         

The Survey follows from (Rakočević, 1997b, Figure 7, p. 60): "The determination of 

the series of the numbers 0-63. When we look closely into the structure of the 

sequence 0-63 of the series of the natural numbers we come to the obvious and self-

evident explanation of the reason why the genetic code must be six-bit code, no 

matter if it is the manifestation in the form of the Gray Code model (Swanson, 1984, 

p 188), or it is in the form of the Binary tree (Rakočević, 1994, p 38). There must be 

8 codons, i.e. amino acid classes. The structure of the sequence 0-63 is strictly 

determined by third perfect number (496) and the sum consisted of the first pair of 

the friendly numbers (220+284). Along with this, the specific Boolean square is 

being made and it is the restrictive factor, in a sense that it is not possible to ‘go on’ 

any further - not ahead, not back: (0) 220+284=504; (1) 156+348=504; (2) 

92+412=504; (3) 28+476=504. The key distinctions within the genetic code are 

obviously self-evident: entity 64 as a series of continuity (correspondent with 64 

codons); entity 20 from 496 (III PN)-476=20 (correspondent with 20 amino acids) 

etc."     
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              Table B5. Some number systms: the unique arrangements and situations 

                

The Table corresponds with PSN (Figure A1) through the ratio 1:2 on the left above and 2:3 

on the right, the third row. The left illustration shows unique arrangements and situations 

corresponding to 16 doublets and 64 triplets of nucleotides in the genetic code. The right 

illustration shows the changes by ± 1 in relation to q/2 of number systems whose numerical 

basis (q) corresponds to the values that follow from Hükel's rule (the first column). It can be 

seen that only in the case of the decimal number system we have a direct correspondance 

with the golden mean (footnote 10).  
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       Table B6. The relationships within Generalized Golden mean (Rakočević, 2004b) 
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APPENDIX C 

 

Some additional harmonic structures 
 

 

          The Darwin’s equation 
 

          
 

The Darwin's equation (27 + 9 = 36) is the "missing link" that allows understanding of the 

pattern 25-36-61, contained in two linear equations, determinants of genetic and chemical 

code (Rakočević, 2018b,  Survey 2a, 2b, 3a and 3b, p. 296). At the same time, it is also the 

key of Darwin's Diagram (Rakočević, 2015, Figure 1.1, p. 19; here Figure C1).  
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      Table C2. The key of Darwin’s Diagram (II) 

                 

This illustration is from Figure 6 in "Darwin Enigma" (Rakočević, 2015): „The 

generation of the squares of natural numbers through two linear equations. Darwin’s 

equation is in the third quadrant, in the area of dark tones surrounded by two linear 

equations valid in the genetic code.“ Notice that the second member of the equation 

(the second row in all four quadrants) follows from Hückel’s rule (2, 6, 10, 14); the 

differences between the third and fourth row also from Hückel rule: (3-1 = 2), (11-5 = 

6), (27-17 = 10), (51-37 = 14). On the other hand, the first member of the equation (2, 

10, 26, 50) increases by 8n (n = 1, 2 and 3). Notice also that with the first quadrant 

we have the generation of the squares of the first two natural numbers 1 and 2, in 

second 3 and 4, in third 5 and 6 (in relation to the pattern 25-36-61) and in the forth 7 

and 8. [The next step in generating would already be in the area of double-digit 

numbers.] 
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   Table C3. The key of Darwin’s Diagram (III) 

             

The Table as in (Rakočević, 2015, Table 5, p. 47): “This Figure follows from the previous. 

Three linear equations within each of the four quadrants in relation to the quadruplets of 

natural numbers’ squares. In the third quadrant: two equations are valid in the genetic code 

and one (in the middle position, dark tone) is given as Darwin's equation [Notice a paradox 

(Darwin’s paradox), valid for number 1 in the first quadrant: the negative value of number 1 

cannot be – negative?!].” 
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Figure C1. The "accompanying diagram" in Darwin’s book “On the Origin of Species” 

(London, 1859) 
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Figure C2. The correspondence with PSN (Fig. A1) through the relations between the logical 

square 00-01-10-11 and the first four levels in PSN: 00-11-22-33. The binary records of the 

logical square: up for the human language (De Saussure, 1985, p. 70); down: for the genetc 

language (Swanson, 1984, p. 188). 
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Figure C3. The correspondence with PSN (Figure A1) through the relations between the 

logical square 00-01-10-11 and the first four levels in PSN: 00-11-22-33. The unit Boolean 

logical square: 0 (00), 1 (01), 2 (01), 3 (11) in correspondence with the unit Boolean logical 

cube and/or with eight branches on the binary-code tree of Genetic code (Rakočević, 1998b, 

Figure 1, p. 284): 0 (000), 1 (001), 2 (010), 3 (011); 4 (100), 5 (101), 6 (110), 7 (111). The 

mirror symmetry on the binary-code tree of Genetic code: [010 / 101 → AUA / CGC etc.]; 

[001 / 110 → UCC / GAA etc.]. The Py-Pu logical square: U (00) → simpler ring, simpler H 

bond; C (01) → simpler ring, more complex H bond; A (10) → more complex ring, simpler 

H bond; G (11) → more complex ring, more complex H bond. From the 24 permutations of 

the UCAG sequence, only this, as the first, consistently follows the chemical hierarchy; the 

remaining 23 are in relation to it. (Cf. footnote 7; also, the sequence 5-1-2-6 with the same 

sequence in Equation 1.) 
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Univerzitet u Nišu, Prirodno-matematički fakultet, Departman za hemiju, Višegradska 33, 18000 Niš, 

Srbija (u penziji od 2003) 

 

 

SAŽETAK 

Pozivajući se na rezultate prethodnog istraživanja o šifri genetskog koda i analogijama genetskog 

i hemijskog koda– dva u svemu kompletna prirodna sistema – ovaj rad predstavlja rezultate 

izučavanja najpotpunijeg Sistema proteinskih amino kiselina (engl. PAAS). Pokazano je da 20 

proteinskih amino kiselina predstavljaju potpuni sistem-uređen, koherentan, i harmoničan. U 

takvom sistemu, sve hemijske razlike unutar Sistema su praćene specifičnim aritmetičkim i 

algebarskim pravilnostima, uključujući postojanje aminokiselinskih rednih brojeva od 1 do 20. 

Klasifikacija amino kiselina u dve dekade (1-10 i 11-20) u strogoj je korespondenciji sa 

balansima broja atoma. Postojanje harmonijskih struktura i rasporeda amino kiselina, bez obzira 

da li su ili nisu konstituenti genetskog koda, prati zaključke da je genetski kod, kroz svoje glavne 

konstituente-20 aminokiselina i 4 pirimidin-purinskih baza- bio kompletan čak i u prebiotskim 

uslovima. 

 

Ključne reči: Proteinske amino kiseline, amino kiselinski kod, genetski kod, binarno stablo, Gray 

kod, Zlatna sredina, Fibonacci-jev niz. 
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Miloje M. Rakočević 

 

Université de Niš, Faculté des sciences naturelles et des mathématiques, Département de chimie, 
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RÉSUMÉ 

 

Se référant aux résultats des recherches antérieures sur le Chiffrage du code génétique et les 

analogies des codes génétique et chimique – deux systèmes presque naturels et complets – cet 

article présente les résultats de l’étude du Système le plus complet des acides aminés protéiques 

(PAAS, angl.). Il est démontré que 20 acides aminés protéiques semblent constituer un système 

complet, système étant ordonné, cohérent et harmonique. Dans une telle organisation, toutes les 

distinctions chimiques au sein du Système sont accompagnées de régularités spécifiques du type 

arithmétique et algébrique, y compris l’existence des nombres ordinaux d’acides aminés de 1 à 

20. La classification des acides aminés en deux décades (celle de 1 à 10 et celle de 11 à 20) 

paraît être dans une stricte correspondance avec les équilibres du nombre d’atomes. L’existence 

des structures harmoniques et de la disposition des acides aminés, qu’ils soient ou non des 

constituants du code génétique, s’accorde avec les conclusions suivant lesquelles le code 

génétique, à travers ses constituants principaux – 20 acides aminés et 4 bases puriques et 

pyrimidiques – était complet même dans les conditions prébiotiques. 

 

Mots-clés : acides aminés protéiques, code des acides aminés, code génétique, arbre binaire, 

code Gray, juste milieu, série de Fibonacci. 
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Белковые аминокислоты как целостная (периодическая) 

система 

 

Милое М. Ракочевич 

Университет в Нише, Факультет естественных наук и математики, Департамент 

химии, ул. Вышеградская 33, 18000 Ниш, Сербия (на пенсии с 2003 года) 

АННОТАЦИЯ 

Ссылаясь на результаты предыдущих исследований шифра генетического кода и аналогий 

генетического и химического кодов – двух общих целостных природных систем – в 

настоящем документе представлены результаты исследования наиболее полной белковой 

аминокислотной системы (PAAS). Показано, что 20 белковых аминокислот представляют 

собой целостную систему – упорядоченную, связную и гармоничную. В такой системе все 

химические различия внутри системы сопровождаются конкретными арифметическими и 

алгебраическими закономерностями, в том числе наличием порядковых номеров 

аминокислот от 1 до 20. Классификация аминокислот по двум числовым рядам (1-10 и 11-

20), по-видимому, находится в строгом соответствии с балансами числа атомов. 

Существование гармонических структур и расположений белковых аминокислот, 

независимо от того, являются ли они составляющими генетического кода или нет, 

соответствуют выводам о том, что генетический код через его основные составляющие – 

20 БА и 4 основания ПУ-ПИ, был завершен даже в пребиотических условиях. 

 

Ключевые слова: белковые аминокислоты, аминокислотный код, генетический код, 

двоичное дерево, код Грея, золотое сечение, ряд Фибоначчи. 
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ABSTRAKT 

 

In Bezug auf die bisherigen Ergebnisse früherer Forschungen über die Verschlüsselung des 

genetischen Codes und Analogien des genetischen und chemischen Codes – zwei fast 

vollständige natürliche Systeme – stellt diese Arbeit die Forschungsergebnisse des 

vollständigsten Systems der Protein-Aminosäuren dar (engl. PAAS). Es wird gezeigt, dass 20 

Protein-Aminosäuren ein vollständiges System zu seien scheinen – geordnet, kohärent und 

harmonisch. In einem solchen System wird allen chemischen Unterschieden innerhalb des 

Systems von spezifischen, arithmetischen und algebraischen Regelmäßigkeiten gefolgt, 

einschließlich der Existenz von Aminosäure-Ordinalzahlen von 1 bis 20. Die Klassifikation von 

Aminosäuren in zwei Dekaden (1-10 und 11-20) scheint in enger Korrespondenz mit den 

Balancen der Anzahl der Atome zu stehen. Das Bestehen harmonischer Strukturen und 

Anordnungen von Aminosäuren, unabhängig davon, ob sie Bestandteile des genetischen Codes 

sind oder nicht, folgt den Schlussfolgerungen, dass der genetische Code durch seine 

Hauptbestandteile – 20 Aminosäuren und 4 Pyrimidin-Purinbasen, sogar in präbiotischen 

Zuständen vollständig war. 

 

 

Schlüsselwörter: Protein-Aminosäuren, Aminosäure-Code, genetischer Code, Binärbaum, 

Goldener Schnitt, Fibonacci-Folge  
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ABSTRACT 

 

In undergraduate courses, kinetics and thermodynamics are often taught as separate modules. It is because 

equilibrium data from thermodynamics do not enlighten us about the rate of attainment of equilibrium, 

which is kinetics. It is true that even if a chemical reaction is thermodynamically favorable, it may never 

happen due to kinetic considerations. However, this separation of kinetics and thermodynamics is 

unfortunate in some respects. In this work, the link between chemical kinetics and thermodynamics is 

explored based on them both being defined by a single potential energy diagram. A common misconception 

caused by undergraduate courses on chemical kinetics is a claim that the Arrhenius equation is deficient 

because it does not offer a precise meaning for the pre-exponential term A. Undergraduate courses often go 

on to proffer more sophisticated theories in the form of collision theory CT and transition state theory TST 

resulting in the Eyring equation. These latter two theories are required in order to formally show that the 

pre-exponential term contains information on the entropy requirements of the reaction. In this work, it will 

be shown that by considering the link between thermodynamics and kinetics it can easily be shown that A 

was already implicitly linked to the product of the entropy of activation of the reaction and the natural 

frequency of the reaction. This work makes use of previously published and unpublished results on 

photochromic naphthoxazine-spiro-indolines to compare different theories. 
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