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Abstract. It is shown that there is a unity of genetic and chemical code, on the one hand; and on
the other hand, that Genetic code and Chemical code, per se, are reduced to one and the same
number; the number as quantity "taken off" from Boolean spaces.
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Everything is a [logically generated] number!
Pythagoras

The text with the accompanying tabular and graphic materials is a supplement to the
previous paper [Rakocevi¢, 2024: (10.26434/chemrxiv-2024-1b9h7), which we will refer
to here (in references, citations, etc.) as Original Article (OA). In this connection of OA
and the Supplement, it is expected first of all to explain the meaning of summing the
quantities of disparate entities, and where those summing quantities (455 | 554 vs 645 |
546), as shown in Tables 1, 2, and 3, are obtained come from. And in order to be able to
answer these two questions, a preliminary review is necessary — whether there are other,
like the PPAASS system-arrangement, which are also perfect, or close to being perfect,
and with the comparison of all found to arrive at relevant and credible conclusions.

It is shown that such systems exist: Highly Harmonized Amino Acid Similarity
System (HHAASS in Table 4); Coding Cursor Amino Acid Similarity System (CCAASS
in Table 5) and Elegant Essentialized Amino Acids Similarity System (EEAASS in Table
6)%. By including the latter, the EEAASS, in the "game" of uniting disparate entities, it is
confirmed once again not only that Boolean logical spaces are the determinants of the
genetic code, but also that the "third alphabet™” of GC — the sequence of natural numbers —
is not only an ordinary arithmetic sequence, but a sequence "taken™ right from Boolean

1 Rakogevi¢, 2024: Semiotic nature of Genetic code, in Preprint server ChemrXiv, Cambridge. (Note: In the
following text, instead of "Rakocevi¢", only MMR.)

2 There are at least three more such systems that can be seen on my website in (Material in preparation: July
12, 2026): Light Line Amino Acid Similarity System (LLAASS in Table 5 and 5.1), Distincted Diversity
Amino Acid Similarity System (DDAASS in Table 6) and Synthetases-Sensitized Amino Acid Similarity
System (SSAASS in Table 9). Their elaboration is planned for the next Supplement, if | even manage to
(and could) realize it at the age of 89.
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spaces, and according to the LIGHT model (Logical-Information-Geometric-
Homeomorphic-Topological model in: MMR, 1994, pp. 53-60).

| presented the distribution of AAs parallel into essential and non-essential, and into
logical Space-3 and Space-4 within Boolean cube in several previous works; especially in
two monographs: Logic of the Genetic code (MMR, 1994, Fig. 6.4, p. 81 and Fig. 6.7, p.
85) and Genetic Code as a Unique System (MMR, 1997, Fig. 5, pp. 26-27 and Fig. 6, p.
28). Recently, in parallel with the preparation of this Supplement, | started adding
supplements to this second monograph, with publication on my website
(http://www.rakocevcode.rs). To begin with, I made an Excerpt from that monograph (46
pages out of a total of 190, adding two initial supplements. suplementa).®

In the first initial supplement (Supplement 1), the novelty, in relation to the
mentioned previous works, is the distribution of AAs from the aspect of the number of
stable isotopes in the atoms that make up amino acid molecules. From the fact that
arginine is located simultaneously in both spaces (Space-3 and in Space-4)*, it follows
that the set of 20 AAs has increased to 21, and the number of isotopes from 421 to 455;
exactly to the number that we find as the sum of the quantities of three disparate entities,
in the first column of PPAASS (Table 1 in OA and also Table 1 in this Supplement). This
knowledge already indicates that multi-synonymy and multi-homonymy are important
characteristics of GC. [Obviously, in addition to qualitative synonymy (quali-synonymy)
and qualitative homonymy (quali-homonymy), it makes sense to talk about quantitative
synonymy (quanti-synonymy) and quantitative homonymy (quanti-homonymy).]

Table 1 in the OA is detailed here in the first three tables, and is detailed in the OA
itself. There (in OA) the unity of the genetic and chemical code was first confirmed by
showing the existence of four types of protein amino acid diversity (Fig. 4 and Tab. 7 in
OA). The values x = 13 and y = 23 are the same, respectively, in both codes, genetic and
chemical (cf. Surv. 2a and 2b in MMR, 2018b).

3 On the website titled: “Genetic code as a unique system: Excerpt & Supplements (zeroth presentation).”

# In “Codon path cube” arginine is also distributed in two spaces (MMR, 1997a, in legend of Figure 1):
,,The distribution of amino acids within the ’Codon path cube’ (Swanson, 1984) is followed with a strict
distinctiion into the two and two spaces for two classes (I and Il) of the enzymes amino-acyl-tRNA
synthetases; a strict distinction, with only one exception, valid for arginine (R) in positions: A-G-A and A-
G-G.~
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TABLES

Table 1. Distribution of amino acids within Perfect Protein Amino Acid
Similarity System (PPAASS 1)

1 Gon 01 31 |osN| 11
2 Aoy 09 31 |(o7D| 12
3 V1o 25 17 |o0sS | 13
4 Pos 23 25 |osT | 14
5 I3 33 25 |osC| 15
6 Lis 33 41 |uM| 16
7 Kis 41 49 | wF | 17
8 Ri7 55 57 |1s5Y| 18
9 Qu 39 69 |[1sW| 19
10 E1o 39 43 |uH| 20
055 102 298 388 | 102 ] 155
455 1 554 645/ 546
455+ 645=1100=5x 220
554 +546=1100=5x 220

The Table corresponds to Table 1 in OA, with additional details.



Table 2. Distribution of amino acids within Perfect Protein Amino Acid

Similarity System (PPAASS II)

00 21— 10220 | GotAosNosDo7 [36] | —]| 56
1 11 11
11 2 | — | 13|31 ] VioPosSosTos [36] | —] 67
0
11 11
1l 22 2| — 24|42 | LisLisCosMu1 [36] |—] 78
Q11|15 ] —=116]6] | KisRi7FiaY1s [36] | —| 97
; 11 11
00 51—=105]50]| QuEicWigHi1 [36] |—] 86
0! 022
220 02 | 20 | Go1AosNogDo7 [36] | =] 56

(56 + 78 + 86 = 220) (67 + 97 + 56 = 220)
(65 + 87 + 68 = 220) (76 + 79 + 65 = 220)




Table 3. Distribution of amino acids within
Perfect Protein Amino Acid Similarity System
(PPAASS III): five to five

IERIEE 50 | N
A 15 50 D
\Y 38 35 S
P 35 47 T
il 51 45 C
L 52 68 M
< 63 80 F
R 380 90 Y
Q 59 106 | [W]
E 59 74 H

Odd 214 + 316 =530
Even 241 + 329 =570
313+ 227 =540
142 + 418 = 560




Table 4. Distribution of amino acids within Highly Harmonized
Amino Acid Similarity System (HHAASS I): four to six

1 Doy 31 39 | wE| 11
2 Nos 31 39 | nQ| 12
3 Aoy 09 01 |G| 13
4 Lis 33 25 |V | 14
5 Ri1~ 55 43 |nH| 15
6 Fi4 49 69 |[1sW| 16
7 Pos 23 17 | oS | 17
8 I13 33 25 |osC| 18
9 Kis 41 41 (M| 19
10 | Yis 57 25 |osT | 20
0355 114 362 324 90 155
530+1/530-1 570 -1/570+1
530 +570=1100=5x220




Table 4.1. Distribution of amino acids within Highly Harmonized
Amino Acid Similarity System (HHAASS I1): five to five

D 39 60 E
N 41 62 Q
A 16 15 G
L S0 49 V
R 77 69 H
F 69 103 W
P 38 39 S

I 54 48 C

K 63 71 M
Y 82 53 T

(530 +01) /(570 — 01)
(540 — 03) / (560 + 03)

[223 /308 // 255/ 314]

As the previous Table (Table 4), in a condensed form. Fits to Tab. 5 in
OA, with PPAASS there with the exception that PPAASS is there.



Table 4.2. Distribution of amino acids within Highly Harmonized
Amino Acid Similarity System (HHAASS I111): five to five




Table 5. Coding Cursor Amino Acid
Similarity System (CCAASS)
Tabena 8. Cucrem camyHOCTH aMUHOKKCenuHa iomohy kypcopa (CCAASS 1)

1 Gn 01 23 0P 11
2 Aoy 09 33 | L | 12
3 Vio 25 33 131 13
4 Sos 17 25 | T | 14
Cos 25 41 |udn| 15
0 Do7 31 39 |nwE | 1o
7 ] Nos | 31 39 uQ| 17
8 Kis 41 55 |vR| 18
9 Hij 43 69 |1sW| 19
10 F14 49 57 |[15Y | 20
10 20 52 114 42 50
5 60 220 300 82 105

(055)| (80) | (272) (414) [(124)] (155)
410-03 /570-01 690+ 03 / 530+01

976 /1224 [3—18 [2.200)]




Table 6. Distribution of amino acids within
Elegant Essentialized Amino Acids Similarity System

(EEAASS I)
1 Sos 17 43 nH 11
2 A4 09 55 |vvR| 12
3 Gol 01 25 |1V 13
4 Pos 23 33 131 14
5 Q1 39 41 |uM| 15
6 Nog 31 25 |osT | 16
7 Do 31 49 | wuF | 17
8 Eio 39 69 |1sW| 18
9 Yis 57 33 |wsL| 19
10 Cos 25 41 |1sK| 20
10 18 50 156 51 50
45 36 222 258 79 105
(055)] (74) | (272) (414) ((130)] (155)

400 + 01 / 520

700 - 01/ 580

921 /1279 [358 (2200)]




Table 6.1. Distribution ... (EEAASS II)

S 23 65 | H
A 15 84 | R
G 05 48 |V
P 35 60 I
Q 55 67 | M
N 45 49 | T
D 45 80 | F
E 57 105 | W
Y 81 65 | L
C 40 76 | K
280 270 550

(280 + 270 = 550) (550 = 275 x 2

)
400 + 1 700 — 1




Table 6.2. Protons ... (EEAASS Il1I)

1S | 17 43 [ H 11
2 A 09 55 R 12
3 G 01 25 V 13
4P | 23 33 | 114
50 | 39 41 | M 15
6 N | 31 25 | T 16
7D | 31 49 | F 17
8 E | 39 69 | W 18
oY | 57 33 | L 19
10 C | 25 41 | K 20
190 180 316

(190 + 180 = 370) (370 = 185 x 2)

272 414




Table 7. Nucleons .... (EAS 1V)
1 S 31 81 | H 11
2 A 15 100 | R 12
3G 01 43 V 13
4 P 41 57 I 14
50 72 75 | M 15
6 N 58 45 | T 16
7 D 39 91 F 17
8 k 73 130 | W 18
9 Y 107 57 | L 19
10 C 47 72 | K 20
350 335 570

(350 +335=0685) (570 =235+ 335

685=686-1

70=569 + 1

686 p+569n=1

5
255 nucl.




Table 7.1. Nucleons, EAS

[350 + (107 + 47) = 154 =77 x 2]
[570 + (100 + 81) =751 =992 — [142]]

[181 vs 081]

124 421 — 54:: — 545 (555 — 10)
— TS 353 214 +241 =55
— 142 + 412 =[554
3x 38l
214 412 — 626 545
1 x 81 383
545 626
(777 x 2)
Table 7.2. Nucleons, EAS
035 530 — 565 565 =555+ 10
2x 81
053 3500 | — 403 05+350 = 655
5x 81
305 S03 — 808 503 + 053 =556
3x 8l
565
565+403+808=888x2 655 —455=200
81 —1,2,3/2.3.5 556 — 554 =002




Table 8. xxx

3x5— 033 035 | 530 0530 | 0350
035 170 035+350=385 | -2 0+7="7
135 " 135+350= 485 | -1 1+6=7
2+5=7
235 0 235+350=585 | £0 3+4=7
335 . 335+350= 685 | |1 (28)
] q - SR8 = —
435 - 435+ 350 = 785 so| 1285-585=700
sas 970 535 = 350 885 =] 1185-685=500
e e ata ~— 1085 - 785 =300
5 s =
635 0 6357350= 985 | —4| oo 887100
735 - 735+350= 1085 | +5| 1285-1100=183
1185 - 1100 = 085
835 1770 | 835+350=1185 | |qg 19?82 llllggjff:
935 B 935+350= 1285 | +7 o ST

[530=6+28 + 496] [(4x7=28) (5x 7=

B85 -1100=-415

[385 + 111 = 496] [485 + 011 = 496]

415 -85=330

n




Table 9. Distribution ...

_ o |123] 343 567

q 123 | 456 7

_ o 123 345 567 789

q 123 | 456 789

I IR TS 567 789 OAB
=123 456 789 AB




Table 9.1.

Distribution ....

123 | 345 | 567 | 789 | [4] — 1824 | (4 x 456)
123 | 456 | 789 [3] — 1368 | (3 x 456)
123 789 [2] — 912 | (2 x 456)
456 [1] — 456 | (1 x 456)
l
4560

456 654 1110

1110

Chemical Code 465 564 1110
(555 x 2)

Genetic Code 546 645

465 — 10 = 455

564 — 10 = 554

The 1368 + 1 = 1369 = 37 x 37; 1369 x 2 = 2738




FIGURES

001[1] 101[5] 011[3] 111[7]
~ rd
. ) ,,
. ’
S . /”
R X
A ry N
‘\‘\\ // ~.
S /,"' ..
000 [0] 100 [4] 010 [2] 110 [6]
4-1-4/2-7-2 — 686
0-5-0/6-3—6 — 686
Figure 1. The start and output face of the Boolean logic cube
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Figure 2. Lysine and Pyrrolysine
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Figure 3. The pyrrolysine residue
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Figure 4. Isomers of Pyyroline: The first as imine and two other as secundar
amines



DISPLAYS

Display 1. Distribution of polyisotopic and monoisotopic elements

Poly Mono
0 E 0 E
(s, p) 9 11 (5x4) 8 1 9 (29)
(d. ) 4 12 (4x4) 11 0 11 | (27)
13 23 36 19 01 20 56
[(13+19=8x4=32)] [(23 +01=8x3=24)]

According to: MMR, 2020, https://doi.org/10.31219/o0sf.i0/34c8n July 27, 2020 (Table 10);
on my site also. “Labels as follows; Poly — Poly-isotopic elements; Mono — Monoisotopic
elements; O — Odd elements; E — Even elements. On the left side of the Table it is shown that the
number of stable multi-isotopic elements is 36, exactly as we presented in the previous paper
(MMR, 2018b, Survey 3a, p. 296). On the right side, there is a well-known fact that there are 20
monoisotopic elements. There are 56 total stable elements, namely: 28+1 elements of s, p type
(non-transition elements) and 28-1 elements of d, f type (transition plus inner transition elements).
[Cf. Survey B5: on the total number of stable isotopes ...).]" (Note: The starting and main source
is: Polyhedron 153 (2018) 292-298.)



https://doi.org/10.31219/osf.io/34c8n

Display 2. Distribution ...

I8 +9+4] = 08 1) 210
37+ 11 + 60 — 108 | 170 18?96 Ea; 221
013 | 7| 3232
Sta+l6 | =28 | o QJE
67 + 12 + 82 = | 161 ' 022 1220
135
85-8+434 | =1 S0 1 5y 5| GRS
I+1+2 = 4 ! (7)276
035 m (8) 287
11+ 11 + 67 = | 89 89 (9) 298

GC:
645
546

ChC:
465
564

1110
1110

013+ 135+035=183[183

+ 381 = 564]




Display 3. Distribution ...

176 | 671 (1) 1101
310 671 (2) 1211
189981 980 (3) 1321
= L (4)[1431
1651
054]450 220022
530
089 | 980 981 (6)[1651
4~I0 (7) 1761
531 =530+ 1 3 (8) 1871
310 = 530 - 220 (9) 1981
530 = 6 + 28 + 496
310+ 531+ 530 = 1371 [1371 — 183 =594 x 2]
1371 — 138




Display 4. Distribution

4

(6)

ChC
(1) 210
(2) 221
(3) 232

243

0254

265

(7) 276
(8) 287
(9) 298

GC
(1) 510
(2) 520
(3) 530
(4) 540
(5) 550

(6) 560
(7) 570
(8) 580
(9) 590

ChC
210 + 298 = 508
221 +287=508
232 +276=1508
243 + 265 = 508
254 + 254 =508

GC
510+590=220x5
520 +580=220x5
530+570=220x5
540 +560=220x3
550 +550=220x5

GC
(1) 11
2)21
(3) 31
@]

(5) 51

(6)
(7)71
(8) 81
(9) 91




SURVEYS

Survey 1. "Element number”, “Stable isotope number" and
"Groupe number" in (s, p) stable poly-isotopic elements

1 |I L. 2 1 1
3 |III B>, III Ga>, III T 6 3 9
5 VNV Sh 4 | 2 |10 10=1
7 |VII Hy, VII Cly. VII Br2 6 | 3 |21
il | [ | ] [51-10
2 |IT Mgz, II Sty 7 2 - 37
4 IV Cy, IV Siz, IV Pby 9 |1 3 |12 18
6 |VIO:. VIS 7012 |12 19
8 |VIII Hez, VIII Nes, VIII Ars, VIIIKrs | 14 | 4 | 32
37 | 1] | O] |50+ 10

(18 +37=155), (9+ 11=20), (41 — 60 = 101)

Black element number, red isotope number and pinc group umnber.




Survey 2. "Element number”, “Stable isotope number" and

"Groupe number" in (d, f) stable poly-isotopic elements

1 |ICu.TAg 4 | 2 2
> |V Ta: 2 1 5
IX I 2 1 9
og| | [ | [id

2 |II Zns. II Hgy. 11 Iby 19 | 3 6
4 IV Tis. IV Cey 9 2 8
6 VICry - 1 6
8 |VIII Fes. VIII Ru7 11| 2 | 16
10 JX Nis, X Pds 11 | 2 | 20
12 |XII Dy 7 1 |12
14 IXIV Ers 6 1 14
67 | 12| | 2

(8+67=75),(4+12=16)

, (16 + 82 =98)




Survey 3. "Element number”, “Stable isotope number" and
"Groupe number" in (s, p) stable monoisotopic elements

1 |INaj. ICs 2 2 2
3 JIII Al 1 1 :
5 |V Pi. VAsy. VBI1 3 3 15
7 |VIIFi, VII I; 2 2 14
g
2 |11 Be; 1 ) 2

1

=1 —

(8+1=9),(8+1=9),(34+0=34)




Survey 4. "Element number”, “Stable isotope number" and

"Groupe number" in (d, f) stable monoisotopic elemen

Iﬂ Tl

11
13

I Aup, I Tmy
ITI Scy, IIT Y,
V Nbi. V Pry
VII Mn,

IX Coi. IX Rhy

NI Th
NIII Hoy

=

-
-

-
s

o

11

[=
._‘ll—-L i | S R T S ]

(11).

(11).

| Dy




