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INTRODUCTION

The aim of this work is to present an important application of the
TRICHROMATIC THEORY OF SYSTEMS (T.T.E.S.) to
the DNA or RNA sequence analysis and modification.

With the T.T.E.S. software it is possible to analyse a DNA (or RNA) sequence in an
innovative way.

Starting from the DNA or RNA original sequence, the T.T.E.S. software produces
many different new DNA or RNA sequences that accurately follow many different
“non-obvious trends” of the original sequence.

This result is achievable for two reasons:

1) Because every DNA or RNA specific sequence can be «transformed» into
many different new sequences, following the many different ‘“non-obvious
trends” of the specific original sequence (Pct.1);

2) Because every “non-obvious trend” of the original sequence can generate many
different new sequences (Pct. 1).

Schematically:

~ ] AN

Trend 1; Trend 2; ; Trend n

Sequ.1/1; | Sequ.2/1; ; |Sequ.n/1
v v v
Sequ. 1/n Sequ. 2/n Sequ. n/n
based on based on based on based on
Trend 1 Trend 2 Trend n

Pct. 1



These new DNA (or RNA) sequences are constituted by almost

totally different bases.

The hypothesis to validate, in this paper and in the others that will follow, is that the
new sequences (produced by following every specific “non-obvious trend” of the
original sequence) have strong connections with the features of the original
sequence.

These new DNA (or RNA) sequences can be used, totally or
partially and/or suitably assembled, for scientific, industrial,
food research, etc.

In the I° Chapter of this work, that is just one of the many chapters that will follow,
we will analyse only one of the many different new sequences that have been
produced: Sequence n°1/1.

The results of the BLAST research (Basic Local Alignment Search Tool (1)) on
Sequence n°1/1 have pointed out significant similarities with the DNA (or RNA) of
different organisms.

The bibliographic research proves the existence of important relations between
the characteristics of two organisms here considered as case study (that is to say,
Pseudomonas and Heligmosomoides polygyrus), identified with the BLAST research
carried out on Sequence n°1/1, and some of the functional characteristics of Insulin.

In conclusion, the analysis of the original sequence (performed through the T.T.E.S.)
opens up new perspectives about genetics research and its applications. This analysis
is based on one of the “non-obvious trends” (Trend n°1) of the original sequence, on
the creation of a new DNA sequence (Sequence n°1/1) starting from its Trend n°1
and on the coherence of the results with the data obtained through the bibliographic
detailed study.

(1) Altschul S. F., Madden T. L., Schaffer A. A., Zhang J., Zhang Z., Miller W. and
D. J. Lipman. Gapped BLAST and PSI-BLAST: a new generation of protein
database search programs. Nucleic Acids Res., 1997, 25 (17) :3389-3402.
PMID: 9254694. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC146917/
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(first part)



1.1 THE TRICHROMATIC THEORY OF EQUILIBRIUM OF SYSTEMS (T.T.E.S.)

The T.T.E.S. is a theory of systems through which it is possible to observe, analyse,
control and modify the state of every system (http://www.ttesystems.eu/index_en.php).

The T.T.E.S. was used for the first time to analyse the Vegetative Nervous System

through the help of the peripheral biofeedback

(The Peripheral Biofeedback and the Trichromatic Theory of Equilibrium of the Vegetative
Nervous System;

The Future of Peripheral Biofeedback: The Trichromatic Theory of Equilibrium of the Vegetative
Nervous System;

Hyperventilation: a privileged model for the quantitative and qualitative evaluation of the
psychophysiological activation with the Trichromatic Theory of Equilibrium of the Vegetative
Nervous System).

Many other applications of the T.T.E.S. are expected
(http://www.ttesystems.eu/application.php) and some of them are under
experimentation and will be published in the future.

To calculate and visually represent every system variation, the T.T.E.S. has used the
colour model RGB.

The RGB model is a method to define colours based on THREE Primary colours
(Red, Green and Blue).

The CUBE is the solid used to visually represent all the possible variations of the
state of a system (Pct. 2).
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http://www.ttesystems.eu/index_en.php
http://www.ttesystems.eu/Cms/files/Pdf/The%20Peripheral%20Biofeedback%20and%20the%20TTE%20of%20VNS%20Dr_%20N_%20Bonaventura.pdf
http://www.ttesystems.eu/Cms/files/Pdf/The%20Peripheral%20Biofeedback%20and%20the%20TTE%20of%20VNS%20Dr_%20N_%20Bonaventura.pdf
http://www.ttesystems.eu/Cms/files/Pdf/Il%20biofeedback%20periferico%20e%20la%20TTE%20del%20SNV%20Dr_%20Bonaventura.pdf
http://www.ttesystems.eu/Cms/files/Pdf/The%20Future%20of%20Peripheral%20Biofeedback%20N_%20Bonaventura(1).pdf
http://www.ttesystems.eu/Cms/files/Pdf/The%20Future%20of%20Peripheral%20Biofeedback%20N_%20Bonaventura(1).pdf
http://www.ttesystems.eu/Cms/files/Pdf/Hyperventilation%20N_%20Bonaventura.pdf
http://www.ttesystems.eu/Cms/files/Pdf/Hyperventilation%20N_%20Bonaventura.pdf
http://www.ttesystems.eu/Cms/files/Pdf/Hyperventilation%20N_%20Bonaventura.pdf
http://www.ttesystems.eu/application.php

In order to synthetically describe every possible functional state of a system 8
PRINCIPAL CODES (Pct.3) of the 64 TOTAL CODES have been used.

Pct. 3*

In the next paragraphs we will show an example of elaboration of a DNA sequence through
the T.T.E.S..

* Excerpted and modified from: https://commons.wikimedia.org/wiki/File:AvI3119color4a.jpg
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1.2 EXAMPLE OF ELABORATION
OF A DNA SEQUENCE THROUGH THE T.T.E.S.

The acquisition of a DNA (or RNA) sequence to analyse it or modify it represents
the first stage of analysis trough the T.T.E.S..

The acquisition of the sequence can be done directly from the website of the NCBI
(National Center for Biotechnology Information (2)) or from any other source.

Let’s suppose to analyse the following 63 bases sequence:

ggcatcgtggagcagtgctgcaccageatctgttccctctaccagetggagaactactgcaac

All the codifying (CDS<1..63) 63 bases of the entire sequence, correspond to the
famous Insulin Chain A.

Insulin i1s composed by two polypeptide chains linked together by two disulphide
bonds:

the A-Chain of 21 amino acids (GIVEQCCTSICSLYQLENYCN)
and
the B-Chain of 30 amino acids (FVNQHLCGSHLVEALYLVCGERGFFYTKPT).

Insulin is an anabolic protein hormone produced by beta cells of the pancreatic islets
of Langerhans.

Among its main activities, insulin uses glucose to produce energy, reduces the
glycaemia, inhibits the glycogenolysis, promotes the glycogenesis and stimulates the
cell proliferation.

The 63 DNA bases sequence of Insulin Chain A has been subjected to BLAST
research.

(2) National Center for Biotechnology Information (NCBI)[Internet]. Bethesda
(MD): National Library of Medicine (US), National Center for Biotechnology
Information; [1988]. Available from: https://www.ncbi.nlm.nih.gov/
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Parameters of BLAST research:

Programme Blastn
Word size 11
Expect value 10
Hitlist size 100
Match/Mismatch scores 2,-3
Gapcosts 52
Low Complexity Filter Yes
Filter string L;m;
Genetic Code 1

Results of BLAST research:

Query = ggcatcgtggagcagtgctgcaccageatctgttcectetaccagetggagaactactgcaac

Length =63

Sequences producing significant alignments:

XM_021081278.1 PREDICTED: Sus scrofa insulin (INS), transcrip...

https://www.ncbi.nlm.nih.gov/nuccore/1191854326/
NM_001109772.1 Sus scrofa insulin (INS), mRNA
https://www.ncbi.nlm.nih.gov/nuccore/172073147/

AY?242112.1 Sus scrofa EWB tyrosine hydroxylase (TH) gene, exo...

https://www.ncbi.nlm.nih.gov/nuccore/33242556/

AY242111.1 Sus scrofa H205 tyrosine hydroxylase (TH) gene, ex...

https://www.ncbi.nlm.nih.gov/nuccore/33242553/

AY?242110.1 Sus scrofa H254 tyrosine hydroxylase (TH) gene, ex...

https://www.ncbi.nlm.nih.gov/nuccore/33242550/

AY242108.1 Sus scrofa LRJ tyrosine hydroxylase (TH) gene, exo...

https://www.ncbi.nlm.nih.gov/nuccore/33242543/

AY?242107.1 Sus scrofa LW1224 tyrosine hydroxylase (TH) gene, ...

https://www.ncbi.nlm.nih.gov/nuccore/33242539/

AY242106.1 Sus scrofa LW1461 tyrosine hydroxylase (TH) gene, ...

https://www.ncbi.nlm.nih.gov/nuccore/33242535/

AY242105.1 Sus scrofa LW197 tyrosine hydroxylase (TH) gene, e...

https://www.ncbi.nlm.nih.gov/nuccore/33242531/

AY?242104.1 Sus scrofa LW209 tyrosine hydroxylase (TH) gene, e...

https://www.ncbi.nlm.nih.gov/nuccore/33242527/

AY242103.1 Sus scrofa LW3 tyrosine hydroxylase (TH) gene, exo...

https://www.ncbi.nlm.nih.gov/nuccore/33242523/
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https://www.ncbi.nlm.nih.gov/nuccore/1191854326/
https://www.ncbi.nlm.nih.gov/nuccore/172073147/
https://www.ncbi.nlm.nih.gov/nuccore/33242556/
https://www.ncbi.nlm.nih.gov/nuccore/33242553/
https://www.ncbi.nlm.nih.gov/nuccore/33242550/
https://www.ncbi.nlm.nih.gov/nuccore/33242543/
https://www.ncbi.nlm.nih.gov/nuccore/33242539/
https://www.ncbi.nlm.nih.gov/nuccore/33242535/
https://www.ncbi.nlm.nih.gov/nuccore/33242531/
https://www.ncbi.nlm.nih.gov/nuccore/33242527/
https://www.ncbi.nlm.nih.gov/nuccore/33242523/

AY242102.1 Sus scrofa LW33361 tyrosine hydroxylase (TH) gene,..
https://www.ncbi.nlm.nih.gov/nuccore/33242519/

AY242101.1 Sus scrofa LW419 tyrosine hydroxylase (TH) gene, e...
https://www.ncbi.nlm.nih.gov/nuccore/33242515/

AY242100.1 Sus scrofa LW463 tyrosine hydroxylase (TH) gene, e...
https://www.ncbi.nlm.nih.gov/nuccore/33242511/

AY?242099.1 Sus scrofa M220 tyrosine hydroxylase (TH) gene, ex...
https://www.ncbi.nlm.nih.gov/nuccore/33242508/

AY242098.1 Sus scrofa P208 tyrosine hydroxylase (TH) gene, ex...
https://www.ncbi.nlm.nih.gov/nuccore/33242504/

AY044828.1 Sus scrofa tyrosine hydroxylase gene, partial cds;...
https://www.ncbi.nlm.nih.gov/nuccore/21956486/

AF064555.1 Sus scrofa preproinsulin mRNA, partial cds
https://www.ncbi.nim.nih.gov/nuccore/3885493/

XM_003909376.4 PREDICTED: Papio anubis insulin (INS), transcr...

https://www.ncbi.nlm.nih.gov/nuccore/1220171442/

XM_009185350.3 PREDICTED: Papio anubis insulin (INS), transcr...

https://www.ncbi.nlm.nih.gov/nuccore/1220171441/

XM _017948138.2 PREDICTED: Papio anubis insulin (INS), transcr...

https://www.ncbi.nlm.nih.gov/nuccore/1220171440/

XM_020883287.1 PREDICTED: Odocoileus virginianus texanus insul...

https://www.ncbi.nlm.nih.gov/nuccore/1187570232/

XM _020883286.1 PREDICTED: Odocoileus virginianus texanus insu...

https://www.ncbi.nlm.nih.gov/nuccore/1187570230/

XM_015503336.1 PREDICTED: Marmota marmota marmota insulin (LO...

https://www.ncbi.nlm.nih.gov/nuccore/984133697/

XM _015503335.1 PREDICTED: Marmota marmota marmota insulin (LO...

https://www.ncbi.nlm.nih.gov/nuccore/984133695/

XM_015434180.1 PREDICTED: Macaca fascicularis insulin (INS), ...

https://www.ncbi.nlm.nih.gov/nuccore/982292203/

XM_015113354.1 PREDICTED: Macaca mulatta insulin (INS), mRNA

https://www.ncbi.nlm.nih.gov/nuccore/966983385/

XM _011721319.1 PREDICTED: Macaca nemestrina insulin (INS), tr...

https://www.ncbi.nlm.nih.gov/nuccore/795558861/

XM_011721318.1 PREDICTED: Macaca nemestrina insulin (INS), tr...

https://www.ncbi.nlm.nih.gov/nuccore/795558858/

XM _011721317.1 PREDICTED: Macaca nemestrina insulin (INS), tr...

https://www.ncbi.nlm.nih.gov/nuccore/795558851/

XM_011721316.1 PREDICTED: Macaca nemestrina insulin (INS), tr...

https://www.ncbi.nlm.nih.gov/nuccore/795558842/

XM _012041172.1 PREDICTED: Cercocebus atys insulin (INS), tran...

https://www.ncbi.nlm.nih.gov/nuccore/795499572/

XM_012041171.1 PREDICTED: Cercocebus atys insulin (INS), tran...

https://www.ncbi.nlm.nih.gov/nuccore/795499567/

XM_012041169.1 PREDICTED: Cercocebus atys insulin (INS), tran...

https://www.ncbi.nlm.nih.gov/nuccore/795499562/
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XM_011930076.1 PREDICTED: Colobus angolensis palliatus insuli...
https://www.ncbi.nlm.nih.gov/nuccore/795357485/

XM_011930075.1 PREDICTED: Colobus angolensis palliatus insuli...
https://www.ncbi.nlm.nih.gov/nuccore/795357479/

XM_011930074.1 PREDICTED: Colobus angolensis palliatus insuli...
https://www.ncbi.nlm.nih.gov/nuccore/795357473/

XM_011988228.1 PREDICTED: Mandrillus leucophaeus insulin (INS...
https://www.ncbi.nlm.nih.gov/nuccore/795176057/

XM_011988227.1 PREDICTED: Mandrillus leucophaeus insulin (INS...
https://www.ncbi.nlm.nih.gov/nuccore/795176052/

XM_011988226.1 PREDICTED: Mandrillus leucophaeus insulin (INS...
https://www.ncbi.nlm.nih.gov/nuccore/795176047/

XM_011988225.1 PREDICTED: Mandrillus leucophaeus insulin (INS...
https://www.ncbi.nlm.nih.gov/nuccore/795176041/

XM _008004634.1 PREDICTED: Chlorocebus sabaeus insulin (INS), ...
https://www.ncbi.nlm.nih.gov/nuccore/635011293/

XM _008004561.1 PREDICTED: Chlorocebus sabaeus insulin (INS), ...
https://www.ncbi.nlm.nih.gov/nuccore/635011291/

XM _006141067.1 PREDICTED: Tupaia chinensis insulin (INS), mMRNA
https://www.ncbi.nlm.nih.gov/nuccore/562822569/

XM_004278069.1 PREDICTED: Orcinus orca insulin (INS), mMRNA
https://www.ncbi.nlm.nih.gov/nuccore/466049859/

AY?242109.1 Sus scrofa JWB tyrosine hydroxylase (TH) gene, exo...
https://www.ncbi.nlm.nih.gov/nuccore/33242547/

NM_001282255.1 Ictidomys tridecemlineatus insulin (Ins), mMRNA
https://www.ncbi.nlm.nih.gov/nuccore/532691821/

NM_001284919.1 Macaca fascicularis insulin (INS), mRNA
https://www.ncbi.nlm.nih.gov/nuccore/548960960/

XM_022591057.1 PREDICTED: Delphinapterus leucas insulin (INS)...
https://www.ncbi.nlm.nih.gov/nuccore/1246201225/

XM_022591055.1 PREDICTED: Delphinapterus leucas insulin (INS)...
https://www.ncbi.nim.nih.gov/nuccore/1246201223/

XM _022591054.1 PREDICTED: Delphinapterus leucas insulin (INS)...
https://www.ncbi.nlm.nih.gov/nuccore/1246201221/

NM_001130093.2 Canis lupus familiaris insulin (INS), mMRNA
https://www.ncbi.nlm.nih.gov/nuccore/1212980167/

XM _021152514.1 PREDICTED: Mus caroli insulin-1 (LOC110286053)...

https://www.ncbi.nlm.nih.gov/nuccore/1195703068/
XM_017887811.1 PREDICTED: Rhinopithecus bieti insulin (INS), ...
https://www.ncbi.nlm.nih.gov/nuccore/1059087102/
XM _017887804.1 PREDICTED: Rhinopithecus bieti insulin (INS), ...
https://www.ncbi.nlm.nih.gov/nuccore/1059087100/
XM_017887801.1 PREDICTED: Rhinopithecus bieti insulin (INS), ...
https://www.ncbi.nlm.nih.gov/nuccore/1059087098/
XM_017887795.1 PREDICTED: Rhinopithecus bieti insulin (INS), ...
https://www.ncbi.nlm.nih.gov/nuccore/1059087095/
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https://www.ncbi.nlm.nih.gov/nuccore/795176057/
https://www.ncbi.nlm.nih.gov/nuccore/795176052/
https://www.ncbi.nlm.nih.gov/nuccore/795176047/
https://www.ncbi.nlm.nih.gov/nuccore/795176041/
https://www.ncbi.nlm.nih.gov/nuccore/635011293/
https://www.ncbi.nlm.nih.gov/nuccore/635011291/
https://www.ncbi.nlm.nih.gov/nuccore/562822569/
https://www.ncbi.nlm.nih.gov/nuccore/466049859/
https://www.ncbi.nlm.nih.gov/nuccore/33242547/
https://www.ncbi.nlm.nih.gov/nuccore/532691821/
https://www.ncbi.nlm.nih.gov/nuccore/548960960/
https://www.ncbi.nlm.nih.gov/nuccore/1246201225/
https://www.ncbi.nlm.nih.gov/nuccore/1246201223/
https://www.ncbi.nlm.nih.gov/nuccore/1246201221/
https://www.ncbi.nlm.nih.gov/nuccore/1212980167/
https://www.ncbi.nlm.nih.gov/nuccore/1195703068/
https://www.ncbi.nlm.nih.gov/nuccore/1059087102/
https://www.ncbi.nlm.nih.gov/nuccore/1059087100/
https://www.ncbi.nlm.nih.gov/nuccore/1059087098/
https://www.ncbi.nlm.nih.gov/nuccore/1059087095/

XM_017887787.1 PREDICTED: Rhinopithecus bieti insulin (INS), ...
https://www.ncbi.nlm.nih.gov/nuccore/1059087093/

XM_017669266.1 PREDICTED: Manis javanica insulin (INS), mRNA
https://www.ncbi.nlm.nih.gov/nuccore/1048405902/

XM_004759671.2 PREDICTED: Mustela putorius furo insulin (INS)...
https://www.ncbi.nlm.nih.gov/nuccore/859820716/

XM_013060037.1 PREDICTED: Mustela putorius furo insulin (INS)...
https://www.ncbi.nlm.nih.gov/nuccore/859820712/

XM_010382053.1 PREDICTED: Rhinopithecus roxellana insulin (IN...
https://www.ncbi.nlm.nih.gov/nuccore/724917366/

XM_007171156.1 PREDICTED: Balaenoptera acutorostrata scammoni...

https://www.ncbi.nlm.nih.gov/nuccore/594635595/

AC188659.9 Canis familiaris chromosome 18, clone XX-484l111, c...
https://www.ncbi.nlm.nih.gov/nuccore/126032460/

AC187029.8 Canis familiaris chromosome 18, clone XX-127C86, co...
https://www.ncbi.nlm.nih.gov/nuccore/148245384/

DQ250565.1 Mus caroli preproinsulin 1 (Insl) gene, complete cds
https://www.ncbi.nIlm.nih.gov/nuccore/82749721/

X61092.1 C.aethiops gene for preproinsulin
https://www.ncbi.nlm.nih.gov/nuccore/X61092.1

V00179.1 Dog gene encoding insulin
https://www.ncbi.nlm.nih.gov/nuccore/\VV00179.1

XM _014795833.1 PREDICTED: Ceratotherium simum simum insulin (...

https://www.ncbi.nlm.nih.gov/nuccore/ XM _014795833.1
XM_022507720.1 PREDICTED: Enhydra lutris kenyoni insulin (LOC...
https://www.ncbi.nIlm.nih.gov/nuccore/ XM 022507720.1
XM _021685179.1 PREDICTED: Neomonachus schauinslandi insulin (...
https://www.ncbi.nlm.nih.gov/nuccore/ XM 021685179.1

XM_021215010.1 PREDICTED: Mus pahari insulin-1 (LOC110333420)...

https://www.ncbi.nlm.nih.gov/nuccore/ XM 021215010.1
XM_019036301.1 PREDICTED: Gorilla gorilla gorilla insulin (IN...
https://www.ncbi.nlm.nih.gov/nuccore/ XM _019036301.1

XM _019036300.1 PREDICTED: Gorilla gorilla gorilla insulin (IN...
https://www.ncbi.nlm.nih.gov/nuccore/ XM 019036300.1
XM_004050427.2 PREDICTED: Gorilla gorilla gorilla insulin (IN...
https://www.ncbi.nlm.nih.gov/nuccore/ XM _004050427.2

XM _004050428.2 PREDICTED: Gorilla gorilla gorilla insulin (IN...
https://www.ncbi.nlm.nih.gov/nuccore/ XM _004050428.2

AHO011815.2 Gorilla gorilla tyrosine hydroxylase (TH) gene, pa...
https://www.ncbi.nlm.nih.gov/nuccore/AH011815.2

XM _016149762.1 PREDICTED: Rousettus aegyptiacus insulin (INS)...
https://www.ncbi.nlm.nih.gov/nuccore/ XM 016149762.1
XM_016149753.1 PREDICTED: Rousettus aegyptiacus insulin (INS)...
https://www.ncbi.nlm.nih.gov/nuccore/ XM 016149753.1

KU548279.1 Uncultured bacterium clone P1_15F Contig_5 genomic...
https://www.ncbi.nlm.nih.gov/nuccore/KU548279.1
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https://www.ncbi.nlm.nih.gov/nuccore/859820712/
https://www.ncbi.nlm.nih.gov/nuccore/724917366/
https://www.ncbi.nlm.nih.gov/nuccore/594635595/
https://www.ncbi.nlm.nih.gov/nuccore/126032460/
https://www.ncbi.nlm.nih.gov/nuccore/148245384/
https://www.ncbi.nlm.nih.gov/nuccore/82749721/
https://www.ncbi.nlm.nih.gov/nuccore/X61092.1
https://www.ncbi.nlm.nih.gov/nuccore/V00179.1
https://www.ncbi.nlm.nih.gov/nuccore/XM_014795833.1
https://www.ncbi.nlm.nih.gov/nuccore/XM_022507720.1
https://www.ncbi.nlm.nih.gov/nuccore/XM_021685179.1
https://www.ncbi.nlm.nih.gov/nuccore/XM_021215010.1
https://www.ncbi.nlm.nih.gov/nuccore/XM_019036301.1
https://www.ncbi.nlm.nih.gov/nuccore/XM_019036300.1
https://www.ncbi.nlm.nih.gov/nuccore/XM_004050427.2
https://www.ncbi.nlm.nih.gov/nuccore/XM_004050428.2
https://www.ncbi.nlm.nih.gov/nuccore/AH011815.2
https://www.ncbi.nlm.nih.gov/nuccore/XM_016149762.1
https://www.ncbi.nlm.nih.gov/nuccore/XM_016149753.1
https://www.ncbi.nlm.nih.gov/nuccore/KU548279.1

KU548266.1 Uncultured bacterium clone CZ_15F Contig_7 genomic...
https://www.ncbi.nlm.nih.gov/nuccore/KU548266.1

KU548224.1 Uncultured bacterium clone CH_15F_Contig_16 genomi...
https://www.ncbi.nlm.nih.gov/nuccore/KU548224.1

KU548210.1 Uncultured bacterium clone AZ_15F Contig_2 genomic...
https://www.ncbi.nlm.nih.gov/nuccore/KU548210.1

NM_008386.4 Mus musculus insulin I (Ins1), mRNA
https://www.ncbi.nlm.nih.gov/nuccore/NM_008386.4

XM_012743999.1 PREDICTED: Microcebus murinus insulin (INS), mMRNA
https://www.ncbi.nlm.nih.gov/nuccore/ XM _012743999.1
XM_012651969.1 PREDICTED: Propithecus coquereli insulin (INS)...
https://www.ncbi.nlm.nih.gov/nuccore/XM 012651969.1
XM_007465953.1 PREDICTED: Lipotes vexillifer insulin (INS), mRNA
https://www.ncbi.nlm.nih.gov/nuccore/ XM _007465953.1
XM_006910977.1 PREDICTED: Pteropus alecto insulin (LOC1028811...
https://www.ncbi.nlm.nih.gov/nuccore/ XM 006910977.1
XM_006750095.1 PREDICTED: Leptonychotes weddellii insulin (IN...
https://www.ncbi.nlm.nih.gov/nuccore/XM_006750095.1

XM _004317860.1 PREDICTED: Tursiops truncatus insulin (INS), mRNA
https://www.ncbi.nlm.nih.gov/nuccore/ XM 004317860.1

AB649280.1 Suncus murinus mRNA for insulin, partial cds
https://www.ncbi.nlm.nih.gov/nuccore/AB649280.1

XM _002920120.1 PREDICTED: Ailuropoda melanoleuca insulin (INS...
https://www.ncbi.nlm.nih.gov/nuccore/ XM _002920120.1

BC145868.1 Mus musculus insulin I, mMRNA (cDNA clone MGC:17575...
https://www.ncbi.nlm.nih.gov/nuccore/BC145868.1

DQ250570.1 Niviventer coxingi preproinsulin 2 (Ins2) gene, co...
https://www.ncbi.nlm.nih.gov/nuccore/DQ250570.1

DQ250566.1 Niviventer coxingi preproinsulin 1 (Insl) gene, co...
https://www.ncbi.nIlm.nih.gov/nuccore/DQ250566.1

DQ250564.1 Apodemus semotus preproinsulin 1 (Ins1) gene, comp...
https://www.ncbi.nlm.nih.gov/nuccore/DQ250564.1

DQ250563.1 Rattus losea preproinsulin 1 (Ins1) gene, complete...
https://www.ncbi.nlm.nih.gov/nuccore/DQ250563.1

DQ479923.1 Mus musculus strain BTBR T+ tf/J insulin 1 precurs...
https://www.ncbi.nlm.nih.gov/nuccore/DQ479923.1

AC163452.12 Mus musculus chromosome 19, clone RP23-405C7, com...
https://www.ncbi.nlm.nih.gov/nuccore/AC163452.12

AK148541.1 Mus musculus adult pancreas islet cells cDNA, RIKE...
https://www.ncbi.nlm.nih.gov/nuccore/AK148541.1
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https://www.ncbi.nlm.nih.gov/nuccore/DQ250570.1
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https://www.ncbi.nlm.nih.gov/nuccore/DQ250564.1
https://www.ncbi.nlm.nih.gov/nuccore/DQ250563.1
https://www.ncbi.nlm.nih.gov/nuccore/DQ479923.1
https://www.ncbi.nlm.nih.gov/nuccore/AC163452.12
https://www.ncbi.nlm.nih.gov/nuccore/AK148541.1

1.3 GRAPHIC RESULTS OF THE ANALYSIS

Through the T.T.E.S. software, the acquired sequence (or original sequence) is
analysed on the basis of one of its “non-obvious trend”: Trend n°L.

The chart in Pct. 4 concerns the 8 Principal Codes Profile that synthetically describe
the analysed sequence.
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The chart in Pct. 5 concerns the Distribution of the Variation Percentage of the 8
Principal Codes with reference to the analysed sequence.

Distribution of the Variation Percentage of the 8 Principal Codes

% Variation

2
A
0 y4

CATCGTGGAGCAGTGCTGCACCAGCATCTGTTCCCTCTACCAGCTGGAGAACTACTGCAAC
Linear DNA Bases

Pct. 5
18




The chart in Pct. 6 concerns the profile of the single Tonalities of the 64 Total
Codes that analytically describe the analysed sequence.
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The chart in Pct. 7 concerns the Profile of the 64 Total Codes, that analytically
describe the analysed sequence.
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1.4 GRAPHIC RESULTS OF THE ANALYSES ON THE NON-CODIFYING
AND CODIFYING READING OF DNA BASES

In Pct. 8 (A and B) two 8 Principal Codes Profiles are compared.

In the chart in Pct. 8 (A) the sequence is analysed without considering any variation
determined by the CODIFYING interpretation (CDS <1..63) of the bases that codify
the Insulin Chain A.
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Instead, in the chart in Pct. 8 (B) they are considered.

PROFILE OF THE 8 PRINCIPAL CODES

28

26

24

22

20

18

16

14

12

%VARIATION

10

=2 N OB O o

PRINCIPAL CODES

Pct. 8 (B)

20



In Pct. 9 (A and B) two charts concerning the Distribution of the Percentage
Variation of the 8 Principal Codes are compared.

As in the previous figure, in Pct. 9 (A) the sequence is analysed without considering
any of the bases that CODIFY (CDS <1..63) the Insulin Chain A.
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Instead, in the chart in Pct. 9 (B) they are considered.
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In Pct. 10 (A and B) two charts concerning the Tonalities of the 64 Total Codes are
compared.

As in the previous Figure, in Pct. 10 (A) the sequence is analysed without
considering any of the bases that CODIFY (CDS <1..63) the Insulin Chain A.

Tonalities of the 64 Total Codes

0,9

0,8

0,7

0,6

% Varlatlon

0,5

0,4

0,2

0,1

CATCGTGGAGCAGTGCTGCACCAGCATCTGTTCCCTCTACCAGCTGGAGAACTACTGCAAC

Linear DNA Bases
Pct. 10 (A)
Instead, in the chart in Pct. 10 (B) they are considered.
Tonalities of the 64 Total Codes
1,1
1
0,9
0,8
= 07
o —
T 06 ||
5 — ||
2 05 |
T re I
X 04 L - = ! '
' T nc | Ol
|l l !
03 T : |
i Sl ]
- i -
S I T 1 I B I O o
GGC ATC GTIG GAG CAG TGC TGC ACC AGC ATC TGT TCC CTC TAC CAG CTG GAG AAC TAC TGC AAC
Codifying Linear DNA Bases (CDS)

Pct. 10 (B)

22



In Pct. 11 (A and B) two charts concerning the Profile of the 64 Total Codes are
compared.

As in the previous Figure, in Pct. 11 (A) the sequence is analysed without
considering any of the bases that CODIFY (CDS <1..63) the Insulin Chain A.
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Instead, in the chart in Pct. 11 (B) they are considered.
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Sequence n°1/1 Analysis
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1.5 PREMISE

Let’s examine again the 63 bases sequence of the Insulin Chain A analysed before:

ggcatcgtggagcagtgctgcaccageatctgttecctetaccagetggagaactactgeaac

Starting from the original sequence, the T.T.E.S. software produces many different
new sequences that accurately follow the many different “non-obvious trends” of
the original sequence.

As already mentioned in the Introduction, in this Chapter, that is just one of the

many chapters that will follow, we will analyse only one of the many different new
sequences that have been produced: Sequence n°1/1.

PLEASE NOTE:

In order to keep up the interest in this work, in the graphic results that will follow,
some negligible information concerning the new sequence have been omitted.
(Sequence n°1/1).

The whole information about all the new generated sequences (including the
Sequence n°1/1), their corresponding information about the significant alignments
produced by BLAST research and all the data acquired from GenBank (3) will be
published in the Appendix, after the General Conclusions.

(3) Clark K., Karsch-Mizrachi I., Lipman D. J., Ostell J. and Sayers EW. GenBank.
Nucleic Acids Res. 44(D1):D67-72 (2016). PMID: 26590407. PMCID:
PMC4702903. https://doi.org/10.1093/nar/gkv1276
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1.6 GRAPHIC RESULTS OF THE “NON-OBVIOUS TREND” ANALYSIS

In the Pct. 12 (A and B) two 8 Principal Codes Profiles are compared.

The chart in Pct. 12 (A) refers to the original bases sequence analysed before.
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The chart in Pct. 12 (B) refers to the “new generated sequence” that originates from
the original one.
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As you can see in the charts, the two 8 Principal Codes Profiles of the original
sequence and of the new generated sequence arising from the original one, ARE

ALMOST IDENTICAL.
In Pct. 13 (A and B) two charts concerning the Distribution of the Variation
Percentage of the 8 Principal Codes are compared.

The charts in Pct. 13 (A) refers to the original bases sequence analysed before.
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The chart in Pct. 13 (B) refers to the “new generated sequence” that originates from
the original one.
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As in Pct. 12, the two charts concerning the Distribution of the Variation
Percentage of the 8 Principal Codes, respectively of the original sequence and of
the new generated sequence originating from the original one, ARE ALMOST
IDENTICAL.

In Pct. 14 (A and B) two charts concerning the single Tonalities of the 64 Total
Codes are compared.

The chart in Pct. 14 (A) refers to the original bases sequence analysed before.
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The chart in Pct. 14 (B) refers to the “new generated sequence” originated from the
original one.
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DIFFERENTLY TO THE PREVIOUS CHARTS, the two charts concerning the
single Tonalities of the 64 Total Codes, respectively of the original sequence and
of the new generated sequence originating from the original one, ARE VERY
DIFFERENT FROM ONE ANOTHER.

In Pct. 15 (A and B) two charts concerning the Profile of the 64 Total Codes are
compared.

The chart in Pct. 15 (A) refers to the original bases sequence analysed before.

PROFILE OF THE 64 TOTAL CODES

% VARIATION
R

=
\\\\\\\\I\\I\I\""""

[ N A N ]

H%wﬁha.i....

PRINCIPAL AND SECONDARY CODES

Pct. 15 (A)

The chart in Pct. 15 (B) refers to the “new generated sequence” originated from the
original one.

PROFILE OF THE 64 TOTAL CODES

% VARIATION

=

OS2 NWEMO = 0W

I .
o ICLICIC I |
PRINCIPAL AND SECONDARY CODES

Pct. 15 (B)
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Differently to the previous charts, the two charts concerning the Profile of the 64
Total Codes, respectively of the original sequence and of the new generated
sequence produced from the original one, ARE PARTLY SIMILAR.

From the T.T.E.S. analysis, it comes to light that the differences between the
“characteristics” of the original sequence and those of the new generated sequence,
that arises from the original one, are noticeably pointed out by the charts concerning
the Tonalities of the 64 Total Codes (Pct. 14 A and B).

This result is clear considering that the charts of the single
Tonalities of the 64 Total Codes (Pct. 14 A and B),
compared to the other charts, are more sensitive to the
single bases sequences than to the “non-obvious trend”
of the sequences themselves.

Even the charts relative to the Profiles of the 64 Total Codes (Pct. 15 A and B) point
out some differences, but they are less evident compared to those that have emerged
from the analysis of the charts of the single Tonalities of the 64 Total Codes (Pct. 14
A and B).

From the other charts (Pct. 12 A and B, Pct. 13 A and B) it comes to light a nearly
absolute likeness of the “characteristics” of the original sequence and of the new
generated sequence that originates from the original one.

This result is remarkable considering that the 63 DNA bases of the new generated
sequence are ALMOST TOTALLY DIFFERENT FROM THE ORIGINAL ONES.

In conclusion, the level of likeness of the “characteristics” of the new generated
sequence to the “characteristics” of the original sequence is the greater, the higher is
the likeness of the 8 Principal Codes Profiles (Pct. 12 A and B) and those relative to
the Distribution of the Variation Percentage of the 8 Principal Codes (Pct. 13 A
and B). These charts are both sensitive to the “non-obvious trend” of the
sequences.
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1.7 IMPLICATIONS RELATIVE TO THE GRAPHIC
RESULTS OF THE “NON-OBVIOUS TREND” ANALYSIS

The 63 DNA bases of the new generated sequence that arises from the original one
have been subject to BLAST research.

PLEASE NOTE:

The result of the BLAST Research will be presented in the chapters that will follow.
In the first part of this chapter (1 Chapter), we have partially reported only the
results of the alignments with some species of Pseudomonas bacteria and with the
nematode Heligmosomoides polygyrus.

The whole information about the significant alignments produced by BLAST
research concerning the new generated sequence (Sequence n°1/1) and all the other
important information acquired from GenBank will be published in the Appendix,
after the General Conclusions.

Query = NEW GENERATED SEQUENCE (Sequence n°1/1)

Length = 63

Parameters of the BLAST research:

Programme Blastn
Word size 11
Expect value 10
Hitlist size 100
Match/Mismatch scores 2,-3
Gapcosts 5,2
Low Complexity Filter Yes
Filter string L;m;
Genetic Code 1
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Score E
Sequences producing significant alignments: (Bits) Value ldentit.

CP010359.1 Pseudomonas plecoglossicida strain NyZ12, complete... 44.6 0.18 85%
https://www.ncbi.nlm.nih.gov/nuccore/CP010359.1
LL188962.1 Heligmosomoides polygyrus genome assembly H bak.. 44.6 0.18 93%
https://www.ncbi.nlm.nih.gov/nuccore/LL.188962.1
CP007620.1 Pseudomonas putida strain DLL-E4, complete genome 44.6 0.18 85%
https://www.ncbi.nlm.nih.gov/nuccore/CP007620.1

LT629788.1 Pseudomonas moraviensis strain BS3668 genome ass.... 39.2 7.6 82%
https://www.ncbi.nlm.nih.gov/nuccore/LT629788.1

LL194531.1 Heligmosomoides polygyrus genome assembly H_bak.. 39.2 7.6 87%
https://www.ncbi.nlm.nih.gov/nuccore/LL194531.1

CP003961.1 Pseudomonas sp. VLB120, complete genome 392 76 83%
https://www.ncbi.nlm.nih.gov/nuccore/CP003961.1
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SIGNIFICANT ALIGNMENTS

1.8 PSEUDOMONAS ALIGNMENTS

>CP010359.1

Pseudomonas plecoglossicida strain NyZ12, complete genome

Length=6233254

Features in this part of subject sequence: cystathionine gamma-synthase
https://www.ncbi.nlm.nih.gov/nucleotide/7523088997report=gbwithparts&from=556
0737&1t0=5562680&RID=1ZXSZEJC014

>CP007620.1

Pseudomonas putida strain DLL-E4, complete genome

Length=6484062

Features in this part of subject sequence: cystathionine gamma-synthase
https://www.ncbi.nlm.nih.gov/nucleotide/635291785?report=gbwithparts&from=176
815&10=178758&RID=1ZXSZEJC014

> T629788.1

Pseudomonas moraviensis strain BS3668 genome assembly, chromosome:|
Length=6092541

Features in this part of subject sequence: high-affinity iron transporter
https://www.nchi.nlm.nih.gov/nucleotide/1086004611?report=gbwithparts&from=46
49680&1t0=4651578&RID=1ZXSZEJC014

>CP003961.1

Pseudomonas sp. VLB120, complete genome

Length=5644569

Features in this part of subject sequence: cytochrome c class |
https://www.ncbi.nlm.nih.gov/nucleotide/556072477?report=gbwithparts&from=544
1006&t0=5442901&RID=1ZXSZEJC014
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1.9 HELIGMOSOMOIDES POLYGYRUS ALIGNMENTS

> 1.188962.1

Heligmosomoides polygyrus genome assembly H_bakeri_Edinburgh, scaffold
HPBE_scaffold0000593

Length=94530
https://www.ncbi.nlm.nih.gov/nucleotide/688429340?report=genbank&log$=nuclalig
n&blast rank=2&RID=27MWTXV3014

> 1194531.1

Heligmosomoides polygyrus genome assembly H_bakeri_Edinburgh, scaffold
HPBE_contig0000102

Length=27221
https://www.ncbi.nlm.nih.gov/nucleotide/688443549?report=genbank&log$=nuclalig
n&blast_rank=23&RID=27TMWTXV3014
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1.10 PSEUDOMONAS

BLAST research points out the significant alignments of the DNA bases between the
new generated sequence and different species of PSEUDOMONAS bacteria.
Pseudomonas* is a genus (Gram-negative, aerobic, catalase-positive, oxidase-
positive, providing motility) belonging to the family Pseudomonadaceae.

It occurs especially in terrains, in wet environments, in water (pools) and plants.

It secretes pyocyanin, a pigment that alters the ciliary function, stimulates the
inflammatory response and causes damages to the tissues.

A particular substance produced by many species of Pseudomonas under iron-
limiting conditions is pyoverdine (a fluorescent yellow-green siderophore or high-
affinity iron-chelating compound).

The main virulence factors are represented by exotoxin A and endotoxin.

When adhering to the host cells, they can form biofilms (protected by
exopolysaccharides) that make it difficult for pseudomonads to be phagocytosed and
limit the antibiotic activity. In humans, the species Pseudomonas aeruginosa is the
most widespread (faeces but also armpits, groin and, more rarely, nails).

In hospital environments with hygienic deficiencies, spread of epidemics with serious
consequences (osteoarticular infections, external otitis, pneumonia, cutaneous
folliculitis, ocular infections, endocarditis) is possible.

Given their low permeability, pseudomonas are resistant to the majority of the
antibiotics and expel them, inactivate the penicillin and the aminoglycosides,
producing specific enzymes.

Recently, in order to hinder the virulence of Pseudomonas, researchers have used its
iron uptake. Gallium ions interact with cellular processes in a manner similar to iron
(1. When gallium ions are mistakenly taken up in place of iron (l11) by bacteria
such as Pseudomonas, the ions interfere with respiration, and bacteria die. This
happens because iron is redox-active, allowing the transfer of electrons during
respiration, while gallium is redox-inactive] (4).

The first significant alignment of BLAST research concerns PSEUDOMONAS
bacteria, belonging to the species of Plecoglossicida.

From the same research, other significant alignments with other 3 species of
PSEUDOMONAS bacteria: Putida, Sp. and Moraviensis emerge.

In particular, in the species Plecoglossicida Nyz12 and Putida DLL-E4 of
PSEUDOMONAS Dbacteria, the bases alignments have concerned the
CYSTATHIONINE GAMMA-SYNTHASE enzyme.

Instead, in PSEUDOMONAS bacteria Moraviensis BS3668, the alignment has
pointed out the HIGH-AFFINITY IRON TRANSPORTER, while in
PSEUDOMONAS bacteria Sp. VLB120 the bases alignment has concerned the
CYTOCHROME C CLASS 1.

(4) Excerpted and modified from: https://it.wikipedia.org/wiki/Pseudomonas
https://en.wikipedia.org/wiki/Pseudomonas
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1.11 HELIGMOSOMOIDES POLYGYRUS

Heligmosomoides polygyrus, (previously named Nematospiroides dubius), is a
naturally occurring intestinal roundworm of rodents (found almost ubiquitously
within populations of wild wood mice Apodemus sylvaticus). It has the ability to
establish chronic infections in rodents and alter host immune responses. This
nematode is widely used as a gastrointestinal parasitic model in immunological,
pharmacological and toxicological studies (especially on the laboratory mouse Mus
musculus).

Upon infection with H. polygyrus, innate and adaptive host immune responses are
generated to prevent the establishment of the parasite in the gut. A strong wound
healing immune response (Th2-type) associated with intestinal pathology is mounted.
Though, despite this impressive immune response, H. polygyrus can redirect the host
Immune response, weaken the Th2 response and cause chronic infections.] (5)

(5) Excerpted and modified from:
https://en.wikipedia.org/wiki/Heligmosomoides_polygyrus
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1.12 REQUIREMENTS FOR FOCUSED BIBLIOGRAPHIC RESEARCHES

In this chapter, as in those that will follow, some focused bibliographic researches
will be made, in order to find any relation between Insulin and the many various
organisms identified on different new generated sequences by BLAST researches.

In the first part of this chapter the research will focus on Pseudomonas bacteria and
nematode Heligmosomoides polygyrus.

In the second part of this chapter, the research will be focused on all the remaining
organisms in which significant alignments with the Sequence n°1/1 have been found.

The results of the bibliographic researches can be viewed on the links and on the
abstracts of scientific papers (or on the whole scientific papers) published on
PubMed (https://www.ncbi.nlm.nih.gov/pubmed/), [a free source run by the NCBI
(National Center for Biotechnology Information), at the NLM (National Library of
Medicine) of the United States in the NIH (National Institutes of Health)](see on
PubMed Help: How to Get the Journal Article).

The specific clarification of those articles is irrelevant for the
purposes of the work hereby presented. Though, seen as it is not
always possible to infer the important relations between Insulin
and the different organisms just from their titles, if interested in
a deeper study please see them.

Our main goal in listing all these scientific papers is to collect evidences to support
and give scientific plausibility to our hypothesis: that the new generated sequence
has strong relations with the features of the original sequence (to be precise with
the Insulin Chain A).

This hypothesis would be plausible if the bibliographic researches confirmed that the
original sequence implies some features of the organisms constituted by the DNA or
RNA bases of the new generated sequences.
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1.13 RESEARCH ON PSEUDOMONAS

The results of BLAST research (presented on page 33) have stimulated a
bibliographic research in order to study the possible relations between the features
of the original DNA sequence (63 bases of the Insulin Chain A) and the features of
Pseudomonas bacteria.

From the reading of the selected articles (presented from page 51 to page 156)
significant direct and indirect relations have been found between Insulin and various
species of Pseudomonas bacteria.

These strong bonds between Insulin and Pseudomonas support the hypothesis that
Sequence n°1/1, the so called new generated sequence [obtained following Trend
n°l (one of the possible specific “non obvious trends” of the original sequence) has
strong relations with the characteristics of the original sequence (to be more
precise with Insulin Chain A).

In short, among other and less important evidences that will not be quoted herein,
there are evidences of strong links between Insulin, Pseudomonas (or
Burkholderia, a species of Pseudomonas bacteria) and:

1) Diabetes;

2) Melioidosis;

3) Cystic Fibrosis;

4) Pulmonary Infections;

5) Obesity;

6) Malignant Otitis Externa;
7) Endocarditis;

8) Immune System;

9) Apoptosis.

To be more precise, Pseudomonas is more widespread and causes more serious
consequences [as Malignant Otitis Externa and Endocarditis (this one especially in
drug-addicts)] in immunodeficient people and/or with Diabetes, Cystic Fibrosis,
Pulmonary Infections and Obesity, than in people who do not suffer from these
pathologies. The infective activity of Pseudomonas can weaken the immune defense
of the host, and increase the process of apoptosis (programmed cell death) and
cancer.

Melioidosis is an infection caused by the Burkholderia (or Pseudomonas)
pseudomallei bacteria. It is more widespread and serious in patients affected by
Diabetes, Cystic Fibrosis and Pulmonary Infections.

38



1.14 CYSTATHIONINE GAMMA-SYNTHASE

According to the result of BLAST research, there are significant bases alignments
with the enzyme CYSTATHIONINE GAMMA-SYNTHASE of Pseudomonas
bacteria. This result has encouraged a focused bibliographic research on the
relationships between Insulin, Pseudomonas e Cystathionine Gamma-Synthase.

[The enzyme CYSTATHIONINE GAMMA-SYNTHASE (CGS) catalyzes a
chemical reaction. The two substrates of this enzyme are O 4 succinyl-L-homoserine
+ L-cysteine, while its products are L-cystathionine + succinate. This enzyme takes
part in 4 metabolic pathways: metabolism of methionine, metabolism of cysteine,
metabolism of seleno amino acids and metabolism of sulphur](6).

The bibliographic research on all the scientific papers published on PubMed in
which the terms “Insulin”, “Pseudomonas” and “Cystathionine Gamma-Synthase”
appear together gives no results.
(https://www.ncbi.nlm.nih.gov/pubmed/?term=INSULIN+PSEUDOMONAS+CYST
ATHIONINE+GAMMA-SYNTHASE).

This finding hypothesizes possible indirect relations between Insulin, Pseudomonas
and Cystathionine Gamma-Synthase.

In order to investigate into these hypothetical relations further focused researches
have been made on the combinations of the terms “Insulin and Cystathionine
Gamma-Synthase” and “Pseudomonas and Cystathionine Gamma-Synthase ”.

From the articles about the focused research on the combinations of the terms
“Insulin and Cystathionine Gamma-Synthase” it is possible to find evidences of
strong connections between Insulin, Cystathionine Gamma-Synthase and:

1) Diabetes;

2) Obesity;

3) Hydrogen Sulfide (H25);

4) Homocysteine;

5) Cysteine.

(6) Excerpted and modified from:
https://en.wikipedia.org/wiki/Cystathionine gamma-synthase

39


https://www.ncbi.nlm.nih.gov/pubmed/?term=INSULIN+PSEUDOMONAS+CYSTATHIONINE+GAMMA-SYNTHASE
https://www.ncbi.nlm.nih.gov/pubmed/?term=INSULIN+PSEUDOMONAS+CYSTATHIONINE+GAMMA-SYNTHASE
https://en.wikipedia.org/wiki/Cystathionine_gamma-synthase

It is fundamental the role played by Homocysteine and Cysteine and by their
relationships with Hydrogen Sulphide (synthetized in the human being by the
enzymes Cystathionine-y-lyase and Cystathionine-S-synthase of the amino acids
Cystathionine, Homocysteine and Cysteine) in Diabetes and Obesity.

There is a direct and indirect connection between Insulin and more than one
metabolic pathway in which the enzyme CYSTATHIONINE GAMMA-
SYNTHASE takes part (metabolism of methionine, metabolism of cysteine,
metabolism of seleno amino acids and metabolism of sulphur).

In particular, the involvement of Hydrogen Sulphide turns attention on its
antioxidant activity and on its ability to influence the redox state of the cells [by
inhibiting the dysfunctional action of ROS (Reactive Oxygen Species), chemically
reactive chemical species containing Oxygen as peroxides, superoxide, hydroxyl
radical and singlet oxygen].

[In a biological context, ROS are formed as a natural byproduct of the normal
metabolism of oxygen and have important roles in cell signaling and homeostasis.
However, during times of oxidative stress (due to environmental factors), ROS levels
can increase dramatically and this may result in significant damage to cell structures.
ROS are produced intracellularly through multiple mechanisms. The major sources
are NADPH oxidase (NOX) present in cell membranes, mitochondria, peroxisomes,
and endoplasmic reticulum. In Mitochondria the oxidative phosphorylation,
involves the transport of protons (hydrogen ions) across the inner mitochondrial
membrane by means of the electron transport chain. The last destination for an
electron along this chain is an oxygen molecule. In normal conditions, the oxygen is
reduced to produce water; however, in a low percentage of electrons passing through
the chain oxygen is instead prematurely and incompletely reduced to give the
superoxide radical. It can inactivate specific enzymes or initiate lipid peroxidation
in its protonated form, producing damages. If too much damage is present in
mitochondria, a cell undergoes apoptosis (or programmed cell death). Bcl-2 proteins
are layered on the surface of the mitochondria, detect damage, and activate a class of
proteins called Bax, which punch holes in the mitochondrial membrane, causing
cytochrome C to leak out and be involved in other processes that will end with the
death of the cell. Effects of ROS on cell metabolism are well documented in a variety
of species: In the mammalian host, ROS is induced as an antimicrobial defense,
maybe damaging the mitochondrial DNA. ROS can damage lipid, DNA, RNA, and
proteins, and they are involved in the physiology of aging, in the carcinogenesis and
in cancer cell necrosis and autophagy.](7).

(7) Excerpted and modified from:
https://en.wikipedia.org/wiki/Reactive _0xygen_Species
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ROS have a great importance in our study on Insulin because its production and its
signalisation are redox-sensitive processes and the impairment of the physiological
signalisation by ROS/RNS (Reactive Nitrogen Species) is implied with the diabetes

etiology [Rochette L., Zeller M., Cottin Y., Vergely C. Diabetes, oxidative stress and
therapeutic strategies. Biochim. Biophys. Acta. 2014; 1840:2709-2729. PMID: 24905298. DOI:

10.1016/j.bbagen.2014.05.017. https://www.nchi.nim.nih.gov/pubmed/24905298].

If interested in a deeper study please see the following article:

Egea J, Fabregat I, Frapart YM, et al. European contribution to the study of ROS: A summary of
the findings and prospects for the future from the COST action BM1203 (EU-ROS). Redox Biol.
2017 Oct; 13: 94-162. PMCID: PMC5458069. doi: 10.1016/j.redox.2017.05.007
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5458069

From the articles about the focused researches on the combinations of the terms
“Pseudomonas and Cystathionine Gamma-Synthase” it is possible to find evidences
of strong connections between Pseudomonas, Cystathionine Gamma-Synthase and:

1) Hydrogen Sulphide (H2S);

2) Metabolism of Methionine.

In conclusion, there are indirect connections between “Insulin”
and “Pseudomonas” that can be ascribed to one or more
metabolic pathways (especially metabolism of methionine and
metabolism  of  sulphur) in  which the enzyme
CYSTATHIONINE GAMMA-SYNTHASE is involved.
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1.15 CYTOCHROME C

The result of BLAST research has pointed up significant bases alignments with the
CYTOCHROME C CLASS 1 of Pseudomonas bacteria. This result has encouraged
a focused bibliographic research on the relationships between Insulin,
Pseudomonas and Cytochrome c.

[The cytochrome c is a hemeprotein (containing iron) found loosely in association
with the inner membrane of the mitochondrion. The heme group is connected with
the protein chain through two covalent bonds with cysteine. It is an essential
component of the electron transport chain, between Coenzyme Q — Cyt C reductase
and Cyt C oxidase. Cytochrome c is also involved in initiation of apoptosis, a
controlled form of cell death used to kill cells in the process of development or in
response to infection or DNA damage. It is released by the mitochondrion as
response of pro-apoptotic stimuli.](8). [For example, Bax, BAD, Bak, Bok, etc. (pro-
apoptotic members of the Bcl-2 family), promoting permeabilization of the
mitochondrial membrane, release cytochrome C in the cytosol (intracellular fluid).
On the other hand, Bcl-2, Bcl-xL, Bcl-w, etc. (anti-apoptotic members of the gene
Bcl-2 family), can inhibit it. The anti-apoptotic protein Bcl-2 impedes the release of
Cytochrome ¢ from the mitochondria and inhibits apoptosis (by inhibiting Bax
protein). Bax protein, promoting an influx of ions through the external membrane of
the mitochondrion, induces the release of Cytochrome c and increases apoptosis.](9).

[Cytochrome C1is a protein encoded by the CYC1 gene and belongs to the
cytochrome c¢ family of proteins. Cytochrome C1 plays a role in the electron
transfer during oxidative phosphorylation (Cytochrome c1 and Cytocrome b transfer
electrons from CoQH2 to Cytochrome ¢)](10).

[Oxidative phosphorylation is a fundamental biochemical cell process for the
production of ATP in mitochondria. It is the final phase of cell respiration. It is
composed by two parts: electron transport chains and ATP synthase](11).

(8) Excerpted and modified from: https://it.wikipedia.org/wiki/Citocromo_c

(9) Excerpted and modified from: https://it.wikipedia.org/wiki/Bcl-2
(10) Excerpted and modified from: https://en.wikipedia.org/wiki/Cytochrome_C1
(11) Excerpted and modified from: https:/it.wikipedia.org/wiki/Fosforilazione_ossidativa
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The bibliographic research on all the scientific papers published on PubMed in
which the terms “Insulin”, “Pseudomonas” and “Cytochrome c” appear together
gives no results
(https://www.ncbi.nlm.nih.gov/pubmed/?term=INSULIN+PSEUDOMONAS+CYTO
CHROME+C).

This finding hypothesizes possible indirect relations between Insulin, Pseudomonas
and Cytochrome C.

In order to investigate on these hypothetical relations further focused researches
have been made about the combinations of the terms “Insulin and Cytochrome c (cl
and its alternative definitions)” and “Pseudomonas and Cytochrome ¢ (c1 and its
alternative definitions)”.

From the articles about the focused research on the combinations of the terms
“Insulin and Cytochrome c (cl and its alternative definitions)” it is possible to find
evidences of strong connections between Insulin, Cytochrome ¢ and:

1) Apoptosis;

2) Oxidative stress and ROS (Reactive Oxygen Species);

3) Diabetes;

4) Obesity.
From the articles about the focused research on the combinations of the terms

“Pseudomonas and Cytochrome c (c1 and its alternative definitions)” it is possible to
find evidences of strong connections between Pseudomonas, Cytochrome ¢ and:

1) Apoptosis;
2) Oxidative stress and ROS (Reactive Oxygen Species);

3) Cystic Fibrosis and Pulmonary Infections.

In conclusion, from the results of the bibliographic research presented in
the following pages, it is evident that a significant common factor between
Insulin, Pseudomonas and Cytochrome c¢ (cl and its alternative
definitions) is the important role played by the mitochondrial activity,

especially (but not only) when related to Oxidative stress, ROS and
Apoptosis.
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1.16 HIGH-AFFINITY IRON TRASPORTER

The result of the BLAST research has pointed up significant bases alignments with
the HIGH-AFFINITY IRON TRANSPORTER of the Pseudomonas bacteria. This
result has encouraged a focused bibliographic research on the relationships between
Insulin, Pseudomonas and Iron.

[Iron is by far the most common element on Earth and it is a fundamental
micronutrient for animals and plants. Iron is part of the hemeprosthetic groups and it
Is at the active site of many important redox enzymes dealing with cellular
respiration and oxidation and reduction in plants and animals (redox reactions).

In the inorganic world, iron is found in nitrogenase and hydrogenase (iron-sulfur
clusters of various enzymes). Other enzymes, in which iron is fundamental, are
implicated in different functions, as the conversion of methane into methanol
(methane monooxygenase) and the conversion of ribose into deoxyribose
(ribonucleotide reductase). In our organism, in order to avoid a toxic excess, proteins
regulate iron uptake and its oxidation. The distribution of iron ions in mammals is
regulated carefully. In case of infection, the organism subtracts iron and makes it
less available for bacteria. Some Iron-containing proteins transport and store oxygen
and transfer electrons. Iron is related to specific transport proteins as apoferritin (that
turns into ferritin) and transferrin (the main protein that connects extracellular iron
and transports it in blood). It is distributed in various organs. A type of iron is
hydrosoluble (ferrous iron) and easily absorbable by plants, while the other type is
hardly soluble and absorbable (ferric iron). In case of an adequate concentration of
iron, low affinity iron transporters transport ferrous iron inside the cell. In case of a
low concentration of iron, high affinity iron transporters intervene. There are
receptors (Receptors TfR1) for the transferrin high-affinity and receptors (Receptors
TfR2) for the transferrin low-affinity. Receptors TfR1 can be found in hepatocytes,
enterocytes and in erythroid cells, while Receptors TfR2 are ubiquitous](12).

As concerns the argumentations in support of this work, it is important to highlight
the strong relationship between iron and cytochromes.

As explained in paragraph 1.15 (page 42), Cytochrome is a protein containing iron
and it plays a role in the electron transfer during oxidative phosphorylation that leads
to the production of ATP. Iron and Cytochromes take part in cell respiration.

(12) Excerpted and modified from: https://it.wikipedia.org/wiki/Ferro
https://en.wikipedia.org/wiki/lron
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As explained in paragraph 1.10 (page 35), recently, in order to contrast
Pseudomonas virulence, researchers have taken advantage of its iron avidity.
Bacteria as Pseudomonas have developed siderophores, agents that take away high-
affinity iron. Gallium ions interact with cellular process in a similar way as iron (I11).
When Gallium ions are erroneously exchanged instead of iron (I11) from bacteria like
Pseudomonas, ions interact with Cytochrome activity and interfere with the cell
respiration causing the death of bacteria. This happens because iron is redox active
and it allows electrons transfer during respiration, while gallium is redox
inactive.](13).

For a deeper study on this subject please see the recent work by Hijazi S., Visca P.
and Frangipani E. [Gallium-Protoporphyrin IX Inhibits Pseudomonas aeruginosa
Growth by Targeting Cytochromes. Front Cell Infect Microbiol. 2017 Jan 26;7:12.
doi: 10.3389/fcimb.2017.00012. eCollection 2017. PubMed PMID: 28184354;
PubMed Central PMCID: PMC5266731.
https://www.ncbi.nlm.nih.gov/pubmed/28184354].

The bibliographic research on all the scientific papers published on PubMed in
which the terms “Insulin”, “Pseudomonas” and “lron” appear together gives no
results (https://www.ncbi.nlm.nih.gov/pubmed/?term=INSULIN+PSEUDOMONAS+IRON).

The bibliographic research on all the scientific papers published on PubMed in
which the terms “Insulin”, “Burkholderia” and “lron” appear together gives no
results (https://www.ncbi.nlm.nih.gov/pubmed/?term=INSUL IN+PSEUDOMONAS+IRON).

This finding hypothesizes possible indirect relations between Insulin, Pseudomonas
(or Burkholderia) and Iron.

In order to investigate on these hypothetical relations further focused researches
have been made on the combinations of the terms “Insulin and Iron”, “Pseudomonas
and Iron” and “Burkholderia and Iron”.

The quantity of articles about all these combinations is huge.
For the aims of our work, it has been necessary to narrow the field of investigation
and make it easier to identify the significant relationships between Insulin and Iron,

Pseudomonas and Iron, Burkholderia and Iron. In order to make more focused
researches, other important key terms have then been inserted.

(13) Excerpted and modified from: https://en.wikipedia.org/wiki/Pseudomonas
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From the articles about the key terms relative to the combinations Insulin/Iron,
Pseudomonas/Iron and Burkholderia/lron, it is possible to find evidences of strong
connections between every combination and these terms:

1) Transporter;

2) Melioidosis;

3) Diabetes;

4) Cystic Fibrosis;

5) Immune System;

6) Apoptosis;

7) Cytochrome c;

8) Reactive Oxygen Species;

Besides the results above mentioned, only the combination Insulin/lron has
produced evidences of strong connections with the following terms:

1) Obesity;

2) Insulite.

In conclusion, as concerns all the possible connections
Insulin/Pseudomonas, it appears fundamental the role of iron
levels and its transport.
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1.17 RESEARCH ON HELIGMOSOMOIDES POLYGYRUS

The results of the BLAST research (page 34) have encouraged a focused
bibliographic research to study the possible relationships between the features of
the DNA original sequence (63 bases of the Insulin Chain A) and the features of
nematode Heligmosomoides polygyrus (or Nematospiroides dubius).

From the reading of the selected articles (presented from page 157 to page 168)
significant direct and indirect relations have been found between Insulin and
nematode Heligmosomoides polygyrus.

These strong connections between Insulin and Heligmosomoides polygyrus support
the hypothesis that Sequence n°1/1, the so called new generated sequence [obtained
following Trend n°l (one of the possible specific “non obvious trends” of the
original sequence) has strong relationships with the characteristics of the original
sequence (to be more precise with Insulin Chain A).

In short, even if in some cases the number of articles that demonstrate this hypothesis
iIs small, among other and less important evidences that will not be quoted herein,
there are evidences of strong connections between Insulin, Heligmosomoides
polygyrus and:

1) Immune System;

2) Apoptosis;

3) Pulmonary Infections;
4) Diabetes;

5) Obesity;

6) Insulite.

Focused research have been made on the relationships between Heligmosomoides
polygyrus and the relevant terms highlighted in points 1, 2, 3, 4, 5 and 6.

In a scientific paper that cannot be consulted online, a correspondence between
Heligmosomoides polygyrus and Pseudomonas has been found.

In general, the final results of these researches have proved that infections
from Heligmosomoides polygyrus can reduce, through a strong immune
response of the host, Diabetes type 1, the tendency to put on weight
(obesity), many Pulmonary Infections (except Pneumococcal pneumonia
caused by Streptococcus pneumoniae) and apoptosis,.
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RISULTS OF BIBLIOGRAPHIC RESEARCH ON
PSEUDOMONAS AND HELIGMOSOMOIDES POLYGYRUS

1.18 CONCLUSIONS 1°" CHAPTER (FIRST PART)

According to the bibliographic research on Pseudomonas, it is possible to find many
and important relationships between different species of Pseudomonas bacteria
(identified by BLAST research for the significant alignments of Sequence n°1/1 and
some of their DNA bases of Cystathionine Gamma-Synthase, Cytochromes C1 and
High-Affinity Iron Transporters) and insulin, diabetes mellitus, melioidosis,
obesity, cystic fibrosis, different types of infections (especially pulmonary),
malignant external otitis, endocarditis, immune system, apoptosis, iron levels and
its transport.

As concerns nematode Heligmosomoides polygyrus, the bibliographic research has
pointed out many and important relationships between this hookworm (identified by
BLAST research for the significant alignments of Sequence n°1/1 and some of its
DNA bases) and insulin, immune system, apoptosis, diabetes type 1, obesity and
insulite.

It was not possible to investigate on the relationships between Pseudomonas and
Heligmosomoides polygyrus, because only one article was found on the web.
Furthermore, it was dated and not available online.

It is to be hoped that this subject will be extensively studied in the future,
especially because some features of Pseudomonas appear to be opposite than those
of Heligmosomoides polygyrus; in facts, in case of infection from Heligmosomoides
polygyrus, the seriousness of Diabetes type 1, obesity, insulite, apoptosis seem to
decrease (while in case of infection from Pseudomonas it increases).

Before moving on, to the second part of this chapter, it is necessary to
highlight the importance of the bibliographic research about cellular
respiration, ROS (Reactive Oxygen Species) and iron levels and its
transport, that are (together or separately) an essential point of
convergence among the different aspects of the phenomena and
pathologies displayed in the first part of this chapter.
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This hypothesis to validate, namely that the new generated sequence (generated
following one of the possible “non-obvious trends” of the original sequence) would
have strong relationships with the features of the original sequence (to be precise
with Insulin Chain A) seem to be plausible and provable. The bibliographic research
seem to confirm that insulin (and consequently Insulin Chain A) is somehow
implicated with some features of both Pseudomonas bacteria and nematode
Heligmosomoides polygyrus (organisms constituted by DNA bases of the new
generated sequence).

In conclusion, the original sequence analysis (effected through T.T.E.S.) based on
one of its “non obvious trends” (Trend n°1), the creation of a new DNA sequence
(Sequence n°1/1) generated from Trend n°1 of the original sequence and finally
their congruence with the data obtained through the bibliographic detailed-study,
open new perspectives as concerns genetic research and its many implementations.

1.19 RESEARCH PERSPECTIVES IN THE NEXT CHAPTERS

BLAST research on the new generated sequence, generated following one of its
possible “non-obvious trends” (Trend n°l), has produced other significant bases
alignments apart from Pseudomonas bacteria and nematode Heligmosomoides

polygyrus.

In the following parts of this chapter, the same type of bibliographic research will be
effected on all the organisms in which BLAST research has found other significant
alignments with Sequence n°1/1.

Therefore, from this paper’s standpoint, every organism, in which a significant
alignment with the new produced sequence has been found, should be connected,
indirectly or directly, with
1) the original sequence (Insulin Chain A);
2) those organisms that have been identified with Blast research carried out on
Insulin Chain A;
3) as well as, partly, to those organisms in which significant alignments with the
new produced sequence have been found.

The aim of the next chapters will be the research on this new interesting perspective
of genetic investigation.

Another goal, more difficult and challenging, will be the analysis of the result of
every significant alignment obtained by every possible sequence generated by
following all the possible specific “non-obvious trends” of the original sequence
(specifically Insulin Chain A).
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The following Link redirects to a bibliographic research (on every scientific paper
published on PubMed) about the most recent correspondences between the terms
“Insulin” and “Pseudomonas” and “Diabetes” (Please note: the articles already
mentioned will not be mentioned again).
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The following Link redirects to a bibliographic research (on every scientific paper
published on PubMed) about the most recent correspondences between the terms
“Insulin” and Burkholderia” (Please note: the articles already mentioned will not be
mentioned again).
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1.24 SCIENTIFIC PAPERS ABOUT THE RELATIONSHIPS BETWEEN
INSULIN AND CYSTATHIONINE GAMMA-SYNTHASE

The following Link redirects to a bibliographic research (on every scientific paper
published on PubMed) about the terms “Insulin” and “Cystathionine Gamma-
Synthase”.

https://www.ncbi.nlm.nih.gov/pmc/?term=INSULIN+CYSTATHIONINE+GAMMA
-SYNTHASE

Search results = Items: 16
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INSULIN, HOMOCYSTEINE AND HYDROGEN SULFIDE SYSTEM

For a deeper study on this subject please see the following link that shows the results
of the research :

https://www.nchi.nlm.nih.gov/pubmed?db=pubmed&cmd=link&linkname=pubmed
pubmed&uid=10470367

Search results = Items: 91

In conclusion, two articles and Ling Zhang’s PhD thesis (2012), about the
relationship between Insulin, cysteine metabolism, and the role of Hydrogen
sulphide:
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1.26 SCIENTIFIC PAPERS ABOUT THE RELATIONSHIPS BETWEEN
PSEUDOMONAS AND CYSTATHIONINE GAMMA-SYNTHASE

The following Link redirects to a bibliographic research (on every scientific paper
published on PubMed) in which the terms “Pseudomonas” and “Cystathionine
Gamma-Synthase” appear together.

https://www.ncbi.nlm.nih.gov/pubmed/?term=Pseudomonas+CYSTATHIONINE+G
AMMA-SYNTHASE

Search results = Items: 6

Motoshima H, Inagaki K, Kumasaka T, Furuichi M, Inoue H, Tamura T, Esaki N, Soda K,
Tanaka N, Yamamoto M, Tanaka H. Crystal structure of the pyridoxal 5'-phosphate dependent
L-methionine gamma-lyase from Pseudomonas putida. J Biochem. 2000 Sep;128(3):349-54.
PubMed PMID: 10965031. https://www.ncbi.nlm.nih.gov/pubmed/10965031

Vermeij P, Kertesz MA. Pathways of assimilative sulfur metabolism in Pseudomonas putida. J
Bacteriol. 1999 Sep;181(18):5833-7. PubMed PMID: 10482527; PubMed Central PMCID:
PMC94106. https://www.ncbi.nlm.nih.gov/pubmed/10482527

Taté R, Riccio A, Caputo E, laccarino M, Patriarca EJ. The Rhizobium etli metZ gene is
essential for methionine biosynthesis and nodulation of Phaseolus vulgaris. Mol Plant Microbe
Interact. 1999 Jan;12(1):24-34. PubMed PMID: 9885190.
https://www.ncbi.nlm.nih.gov/pubmed/9885190

Inoue H, Inagaki K, Sugimoto M, Esaki N, Soda K, Tanaka H. Structural analysis of the L-
methionine gamma-lyase gene from Pseudomonas putida. J Biochem. 1995 May;117(5):1120-5.
PubMed PMID: 8586629. https://www.ncbi.nlm.nih.gov/pubmed/8586629

Foglino M, Borne F, Bally M, Ball G, Patte JC. A direct sulfhydrylation pathway is used for
methionine biosynthesis in Pseudomonas aeruginosa. Microbiology. 1995 Feb;141 ( Pt 2):431-9.
PubMed PMID: 7704274. https://www.ncbi.nlm.nih.gov/pubmed/7704274

Nagasawa T, Kanzaki H, Yamada H. Cystathionine gamma-lyase of Streptomyces
phaeochromogenes. The occurrence of cystathionine gamma-lyase in filamentous bacteria and its
purification and characterization. J Biol Chem. 1984 Aug 25;259(16):10393-403. PubMed PMID:
6432781. https://www.ncbi.nlm.nih.gov/pubmed/6432781

To conclude, two more interesting articles about this topic:

G L Andersen, G A Beattie and S E Lindow. Molecular Characterization and Sequence of a
Methionine Biosynthetic Locus from Pseudomonas syringae. Journal of Bacteriology, 1998. Vol.
180 Iss. 17 (1998) p. 4497 - 4507. PMCID: PMC107460.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC107460/

Hacham Y., Gophna U. e Amir R. In vivo analysis of various substrates utilized by cystathionine
gamma-synthase and O-acetylhnomoserine sulfhydrylase in methionine biosynthesis. Molecular
Biology and Evolution, Volume 20, Issue 9, 1 September 2003, Pages 1513-1520. PMID:
12832650. https://doi.org/10.1093/molbev/msg169
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1.27 SCIENTIFIC PAPERS ABOUT THE RELATIONSHIPS BETWEEN
INSULIN AND CYTOCHROME C (A SELECTION OF THE MOST
RECENT CORRESPONDENCEYS)

The following Link redirects to a bibliographic research (on every scientific paper
published on PubMed) about the most recent correspondences between the terms
“Insulin and “Cytochrome c”.

https://www.ncbi.nlm.nih.qgov/pubmed/?term=INSULIN+CYTOCHROME+C

Sort by: Most Recent - Search results = Items: 745

Among the results of the research some significant scientific papers have been
chosen:

Beyfuss K, Hood DA. A systematic review of p53 regulation of oxidative stress in skeletal muscle.
Redox Rep. 2018 Jan 3:1-18. doi: 10.1080/13510002.2017.1416773. [Epub ahead of print] PubMed
PMID: 29298131. https://www.ncbi.nlm.nih.gov/pubmed/29298131

Yuan F, Woollard JR, Jordan KL, Lerman A, Lerman LO, Eirin A. Mitochondrial Targeted
Peptides Preserve Mitochondrial Organization and Decrease Reversible Myocardial Changes in
Early Swine Metabolic Syndrome. Cardiovasc Res. 2017 Dec 18. doi: 10.1093/cvr/cvx245. [Epub
ahead of print] PubMed PMID: 29267873. https://www.ncbi.nlm.nih.gov/pubmed/29267873

Sadighara M, Joktaji JP, Hajhashemi V, Minaiyan M. Protective effects of coenzyme Q(10) and
L-carnitine against statin-induced pancreatic mitochondrial toxicity in rats. Res Pharm Sci. 2017
Dec;12(6):434-443. doi: 10.4103/1735-5362.217424. PubMed PMID: 29204172; PubMed Central
PMCID: PMC5691570. https://www.ncbi.nlm.nih.gov/pubmed/29204172

Park HS, Cho HS, Kim TW. Physical exercise promotes memory capability by enhancing
hippocampal mitochondrial functions and inhibiting apoptosis in obesity-induced insulin resistance
by high fat diet. Metab Brain Dis. 2017 Nov 29. doi: 10.1007/s11011-017-0160-8. [Epub ahead of
print] PubMed PMID: 29185193. https://www.ncbi.nlm.nih.gov/pubmed/29185193

Feng CC, Pandey S, Lin CY, Shen CY, Chang RL, Chang TT, Chen RJ, Viswanadha VP, Lin
YM, Huang CY. Cardiac apoptosis induced under high glucose condition involves activation of
IGF2R signaling in H9c2 cardiomyoblasts and streptozotocin-induced diabetic rat hearts. Biomed
Pharmacother. 2017 Nov 6;97:880-885. doi: 10.1016/j.biopha.2017.11.020. [Epub ahead of print]
PubMed PMID: 29136764. https://www.ncbi.nlm.nih.gov/pubmed/29136764

Zhang Y, Wang M, Dong H, Yu X, Zhang J. Anti-hypoglycemic and hepatocyte-protective effects
of hyperoside from Zanthoxylum bungeanum leaves in mice with high-carbohydrate/high-fat diet
and alloxan-induced diabetes. Int J Mol Med. 2018 Jan;41(1):77-86. doi: 10.3892/ijmm.2017.3211.
Epub 2017 Oct 25. PubMed PMID: 29115390. https://www.ncbi.nlm.nih.gov/pubmed/29115390

Liu CM, Ma JQ, Sun JM, Feng ZJ, Cheng C, Yang W, Jiang H. Association of changes in ER
stress-mediated signaling pathway with lead-induced insulin resistance and apoptosis in rats and
their prevention by A-type dimeric epigallocatechin-3-gallate. Food Chem Toxicol. 2017
Dec;110:325-332. doi: 10.1016/j.fct.2017.10.040. Epub 2017 Oct 27. PubMed PMID: 29107025.
https://www.ncbi.nlm.nih.gov/pubmed/29107025
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Xie X, Sinha S, Yi Z, Langlais PR, Madan M, Bowen BP, Willis W, Meyer C. Role f adipocyte
mitochondria in inflammation, lipemia and insulin sensitivity in humans: effects of pioglitazone
treatment. Int J Obes (Lond). 2017 Aug 14. doi: 10.1038/ij0.2017.192. [Epub ahead of print]
PubMed PMID: 29087390. https://www.ncbi.nlm.nih.gov/pubmed/29087390

Onyango AN. The Contribution of Singlet Oxygen to Insulin Resistance. Oxid Med Cell Longev.
2017;2017:8765972. doi: 10.1155/2017/8765972. Epub 2017 Sep 7. Review. PubMed PMID:
29081894; PubMed Central PMCID: PMC5610878.
https://www.ncbi.nlm.nih.gov/pubmed/29081894

Jiménez-Maldonado A, Ying Z, Byun HR, Gomez-Pinilla F. Short-term fructose ingestion
affects the brain independently from establishment of metabolic syndrome. Biochim Biophys Acta.
2018 Jan;1864(1):24-33. doi: 10.1016/j.bbadis.2017.10.012. Epub 2017 Oct 7. PubMed PMID:
29017895; PubMed Central PMCID: PMC5705281.
https://www.ncbi.nlm.nih.gov/pubmed/29017895

Mulder H. Transcribing p-cell mitochondria in health and disease. Mol Metab. 2017 May
31;6(9):1040-1051. doi: 10.1016/j.molmet.2017.05.014. eCollection 2017 Sep. Review. PubMed
PMID: 28951827; PubMed Central PMCID: PMC56057109.
https://www.ncbi.nlm.nih.gov/pubmed/28951827

Wang G, Lu M, Yao Y, Wang J, Li J. Esculetin exerts antitumor effect on human gastric cancer
cells through IGF-1/PI13K/Akt signaling pathway. Eur J Pharmacol. 2017 Nov 5;814:207-215. doi:
10.1016/j.ejphar.2017.08.025. Epub 2017 Aug 25. PubMed PMID: 28847482.
https://www.ncbi.nlm.nih.gov/pubmed/28847482

Chandirasegaran G, Elanchezhiyan C, Ghosh K, Sethupathy S. Berberine chloride ameliorates
oxidative stress, inflammation and apoptosis in the pancreas of Streptozotocin induced diabetic
rats. Biomed Pharmacother. 2017 Nov;95:175-185. doi: 10.1016/j.biopha.2017.08.040. Epub 2017
Sep 12. PubMed PMID: 28843149.https://www.ncbi.nlm.nih.gov/pubmed/28843149

Aghanoori MR, Smith DR, Roy Chowdhury S, Sabbir MG, Calcutt NA, Fernyhough P.
Insulin prevents aberrant mitochondrial phenotype in sensory neurons of type 1 diabetic rats. Exp
Neurol. 2017 Nov;297:148-157. doi: 10.1016/j.expneurol.2017.08.005. Epub 2017 Aug 10.
PubMed PMID: 28803751; PubMed Central PMCID: PMC5612919.
https://www.ncbi.nlm.nih.gov/pubmed/28803751

Othman Al, El-Sawi MR, ElI-Missiry MA, Abukhalil MH. Epigallocatechin-3-gallate protects
against diabetic cardiomyopathy through modulating the cardiometabolic risk factors, oxidative
stress, inflammation, cell death and fibrosis in streptozotocin-nicotinamide-induced diabetic rats.
Biomed Pharmacother. 2017 Oct;94:362-373. doi: 10.1016/j.biopha.2017.07.129. Epub 2017 Aug
1. PubMed PMID: 28772214. https://www.ncbi.nIm.nih.gov/pubmed/28772214

Silvander JSG, Kvarnstrom SM, Kumari-llieva A, Shrestha A, Alam CM, Toivola DM.
Keratins regulate [-cell mitochondrial morphology, motility, and homeostasis. FASEB J. 2017
Oct;31(10):4578-4587. doi: 10.1096/fj.201700095R. Epub 2017 Jun 30. PubMed PMID: 28666985.
https://www.ncbi.nIm.nih.gov/pubmed/28666985

Wilson DF, Cember ATJ, Matschinsky FM. The thermodynamic basis of glucose-stimulated
insulin release: a model of the core mechanism. Physiol Rep. 2017 Jun;5(12). pii: €13327. doi:
10.14814/phy2.13327. PubMed PMID: 28655753; PubMed Central PMCID: PMC5492210.
https://www.ncbi.nlm.nih.gov/pubmed/28655753
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Wei XB, Guo L, Liu Y, Zhou SR, Liu Y, Dou X, Du SY, Ding M, Peng WQ, Qian SW, Huang
HY, Tang QQ. Synthesis of cytochrome c¢ oxidase 1 (SCO1) inhibits insulin sensitivity by
decreasing copper levels in adipocytes. Biochem Biophys Res Commun. 2017 Sep 23;491(3):814-
820. doi: 10.1016/j.bbrc.2017.06.124. Epub 2017 Jun 21. PubMed PMID: 28647369.
https://www.ncbi.nlm.nih.gov/pubmed/28647369

Martin-Montafiez E, Millon C, Boraldi F, Garcia-Guirado F, Pedraza C, Lara E, Santin LJ,
Pavia J, Garcia-Fernandez M. IGF-1I promotes neuroprotection and neuroplasticity recovery in a
long-lasting model of oxidative damage induced by glucocorticoids. Redox Biol. 2017 Oct;13:69-
81. doi: 10.1016/j.redox.2017.05.012. Epub 2017 May 26. PubMed PMID: 28575743; PubMed
Central PMCID: PMC5454142. https://www.ncbi.nlm.nih.gov/pubmed/28575743

Candeias E, Sebastido I, Cardoso S, Carvalho C, Santos MS, Oliveira CR, Moreira PIl, Duarte
Al. Brain GLP-1/IGF-1 Signaling and Autophagy Mediate Exendin-4 Protection Against Apoptosis
in Type 2 Diabetic Rats. Mol Neurobiol. 2017 Jun 2. doi: 10.1007/s12035-017-0622-3. [Epub ahead
of print] PubMed PMID: 28573460. https://www.ncbi.nlm.nih.gov/pubmed/28573460

Hill S, Deepa SS, Sataranatarajan K, Premkumar P, Pulliam D, Liu Y, Soto VY, Fischer KE,
Van Remmen H. Sco2 deficient mice develop increased adiposity and insulin resistance. Mol Cell
Endocrinol. 2017 Nov 5;455:103-114. doi: 10.1016/j.mce.2017.03.019. Epub 2017 Apr 18. PubMed
PMID: 28428045; PubMed Central PMCID: PMC5592144.
https://www.ncbi.nlm.nih.gov/pubmed/28428045

Zhao B, Zheng Z. Insulin Growth Factor 1 Protects Neural Stem Cells Against Apoptosis Induced
by Hypoxia Through Akt/Mitogen-Activated Protein Kinase/Extracellular Signal-Regulated Kinase
(AKt/MAPK/ERK) Pathway in Hypoxia-Ishchemic Encephalopathy. Med Sci Monit. 2017 Apr
19;23:1872-1879. PubMed PMID: 28420864; PubMed Central PMCID: PMC5405785.
https://www.ncbi.nlm.nih.gov/pubmed/28420864

Holvoet P, Vanhaverbeke M, Geeraert B, De Keyzer D, Hulsmans M, Janssens S. Low
Cytochrome Oxidase 1 Links Mitochondrial Dysfunction to Atherosclerosis in Mice and Pigs. PLoS
One. 2017 Jan 25;12(1):e0170307. doi: 10.1371/journal.pone.0170307. eCollection 2017. PubMed
PMID: 28122051; PubMed Central PMCID: PMC5266248. 10.1371/journal.pone.0170307.
eCollection 2017. PubMed PMID: 28122051; PubMed Central PMCID: PMC5266248.
https://www.ncbi.nlm.nih.gov/pubmed/28122051

1.28 SCIENTIFIC PAPERS ABOUT THE RELATIONSHIPS BETWEEN
INSULIN AND CYTOCHROME C (A SELECTION OF THE BEST
CORRESPONDENCEYS)

The following Link redirects to a bibliographic research (on every scientific paper
published on PubMed) about the best correspondences between the terms “Insulin”
and “Cytochrome c” (Please note: the articles already mentioned will not be
mentioned again).
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https://www.ncbi.nlm.nih.qgov/pubmed/?term=INSULIN+CYTOCHROME+C

Sort by: Best Match - Search results = Item: 626

Among the results of the research some significant scientific papers have been
chosen:

Rountree AM, Neal AS, Lisowski M, Rizzo N, Radtke J, White S, Luciani DS, Kim F, Hampe
CS, Sweet IR. Control of insulin secretion by cytochrome C and calcium signaling in islets with
impaired metabolism. J Biol Chem. 2014 Jul 4;289(27):19110-9. doi: 10.1074/jbc.M114.556050.
Epub 2014 May 19. PubMed PMID: 24841202; PubMed Central PMCID: PMC4081948.
https://www.ncbi.nlm.nih.gov/pubmed/24841202

Sanderson TH, Mahapatra G, Pecina P, Ji Q, Yu K, Sinkler C, Varughese A, Kumar R,
Bukowski MJ, Tousignant RN, Salomon AR, Lee I, Hittemann M. Cytochrome C is tyrosine 97
phosphorylated by neuroprotective insulin treatment. PLoS One. 2013 Nov 5;8(11):e78627. doi:
10.1371/journal.pone.0078627. eCollection 2013. PubMed PMID: 24223835; PubMed Central
PMCID: PMC3818486. https://www.ncbi.nlm.nih.gov/pubmed/24223835

Jung SR, Kuok IT, Couron D, Rizzo N, Margineantu DH, Hockenbery DM, Kim F, Sweet IR.
Reduced cytochrome C is an essential regulator of sustained insulin secretion by pancreatic islets. J
Biol Chem. 2011 May 20;286(20):17422-34. doi: 10.1074/jbc.M110.202820. Epub 2011 Mar 10.
PubMed PMID: 21393241; PubMed Central PMCID: PMC3093816.
https://www.ncbi.nlm.nih.gov/pubmed/21393241

Sanderson TH, Kumar R, Sullivan JM, Krause GS. Insulin blocks cytochrome c release in the
reperfused brain through PI3-K signaling and by promoting Bax/Bcl-XL binding. J Neurochem.
2008 Aug;106(3):1248-58. doi: 10.1111/j.1471-4159.2008.05473.x. Epub 2008 Jun 2. PubMed
PMID: 18518905; PubMed Central PMCID: PMC4441329.
https://www.ncbi.nlm.nih.gov/pubmed/18518905

Weksler-Zangen S, Aharon-Hananel G, Mantzur C, Aouizerat T, Gurgul-Convey E, Raz I,
Saada A. IL-1p hampers glucose-stimulated insulin secretion in Cohen diabetic rat islets through
mitochondrial cytochrome c oxidase inhibition by nitric oxide. Am J Physiol Endocrinol Metab.
2014 Mar; 306 (6): E648-57. doi: 10.1152/ajpendo.00451.2013. Epub 2014 Jan 14. PubMed PMID:
24425765. https://www.ncbi.nlm.nih.gov/pubmed/24425765

P. Gaignard, M. Menezes, M. Schiff, A. Bayot, M. Rak, Ogier de Baulny, C, Su, M. Gilleron,
A. Lombes, H. Abida, A. Tzagoloff, L. Riley, S. T. Cooper, K. Mina, P. Sivadorai, M, R. Davis,
R. J. N. Allcock, N. Kresoje, N. G. Laing, D. R. Thorburn, A. Slama, J. Christodoulou and P.
Rustin. Mutations in CYC1, Encoding Cytochrome c1 Subunit of Respiratory Chain Complex
111, Cause Insulin-Responsive Hyperglycemia. AJHG, 8 August 2013, VVolume 93, Issue 2, p 384—
389. doi: 10.1016/j.ajhg.2013.06.015. Epub 2013 Aug 1. PubMed PMID: 23910460; PubMed C.
PMCID: PMC3738829. https://www.ncbi.nlm.nih.gov/pubmed/23910460

Naia L, Ferreira IL, Cunha-Oliveira T, Duarte Al, Ribeiro M, Rosenstock TR, Laco MN,
Ribeiro MJ, Oliveira CR, Saudou F, Humbert S, Rego AC. Activation of IGF-1 and insulin
signaling pathways ameliorate mitochondrial function and energy metabolism in Huntington's
Disease human lymphoblasts. Mol Neurobiol. 2015 Feb;51(1):331-48. doi: 10.1007/s12035-014-
8735-4. Epub 2014 May 20. PubMed PMID: 24841383.
https://www.ncbi.nlm.nih.gov/pubmed/24841383
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Lee BS, Oh J, Kang SK, Park S, Lee SH, Choi D, Chung JH, Chung YW, Kang SM. Insulin
Protects Cardiac Myocytes from Doxorubicin Toxicity by Spl-Mediated Transactivation of
Survivin. PLoS One. 2015 Aug 13;10(8):e0135438. doi:

10.1371/journal.pone.0135438. eCollection 2015. PubMed PMID: 26271039; PubMed Central
PMCID: PMC4535909. https://www.ncbi.nlm.nih.gov/pubmed/26271039

Ribeiro M, Rosenstock TR, Oliveira AM, Oliveira CR, Rego AC. Insulin and IGF-1 improve
mitochondrial function in a P1-3K/Akt-dependent manner and reduce mitochondrial generation of
reactive oxygen species in Huntington's disease knock-in striatal cells. Free Radic Biol Med. 2014
Sep;74:129-44. doi: 10.1016/j.freeradbiomed.2014.06.023. Epub 2014 Jun 30. PubMed PMID:
24992836. https://www.ncbi.nlm.nih.gov/pubmed/24992836

Liang Y, Zhang M, Xia N, Yang Y, Feng L. Effects of high concentration glucose on the
expression of NF-kappaB, Bax and cytochrome C and apoptosis of islet cells in mice. J Huazhong
Univ Sci Technolog Med Sci. 2009 Aug;29(4):439-44. doi: 10.1007/s11596-009-0410-z. Epub
2009 Aug 7. PubMed PMID: 19662359. https://www.ncbi.nlm.nih.gov/pubmed/19662359

Li Y, Wu H, Khardori R, Song YH, Lu YW, Geng YJ. Insulin-like growth factor-1 receptor
activation prevents high glucose-induced mitochondrial dysfunction, cytochrome-c release and
apoptosis.  Biochem  Biophys Res Commun. 2009 Jun 26;384(2):259-64. doi:
10.1016/j.bbrc.2009.04.113. Epub 2009 May 4. PubMed PMID: 19406106.
https://www.ncbi.nlm.nih.gov/pubmed/19662359

Lin Y, Sun X, Qiu L, Wei J, Huang Q, Fang C, Ye T, Kang M, Shen H, Dong S. Exposure to
bisphenol A induces dysfunction of insulin secretion and apoptosis through the damage of
mitochondria in rat insulinoma (INS-1) cells. Cell Death Dis. 2013 Jan 17;4:e460. doi:
10.1038/cddis.2012.206. PubMed PMID: 23328667; PubMed Central PMCID: PMC3563994.
https://www.ncbi.nlm.nih.gov/pubmed/23328667

Zhao Z, Zhao C, Zhang XH, Zheng F, Cai W, Vlassara H, Ma ZA. Advanced glycation end
products inhibit glucose-stimulated insulin secretion through nitric oxide-dependent inhibition of
cytochrome ¢ oxidase and adenosine triphosphate synthesis. Endocrinology. 2009 Jun;150(6):2569-
76. doi: 10.1210/en.2008-1342. Epub 2009 Feb 26. PubMed PMID: 19246537; PubMed Central
PMCID: PMC2689792. https://www.ncbi.nlm.nih.gov/pubmed/19246537

Rountree AM, Reed BJ, Cummings BP, Jung SR, Stanhope KL, Graham JL, Griffen SC, Hull
RL, Havel PJ, Sweet IR. Loss of coupling between calcium influx, energy consumption and insulin
secretion associated with development of hyperglycaemia in the UCD-T2DM rat model of type 2
diabetes. Diabetologia. 2013 Apr;56(4):803-13. doi: 10.1007/s00125-012-2808-6. Epub 2013 Feb
13. PubMed PMID: 23404441; PubMed Central PMCID: PMC3855025.
https://www.ncbi.nlm.nih.gov/pubmed/23404441

Francés DE, Ronco MT, Monti JA, Ingaramo PI, Pisani GB, Parody JP, Pellegrino JM, Sanz
PM, Carrillo MC, Carnovale CE. Hyperglycemia induces apoptosis in rat liver through the
increase of hydroxyl radical: new insights into the insulin effect. J Endocrinol. 2010
May;205(2):187-200. doi: 10.1677/JOE-09-0462. Epub 2010 Feb 17. PubMed PMID: 20164374.
https://www.ncbi.nlm.nih.gov/pubmed/20164374

Litwiniuk A, Pijet B, Pijet-Kucicka M, Gajewska M, Pajak B, Orzechowski A. FOXO1 and
GSK-3p Are Main Targets of Insulin-Mediated Myogenesis in C2C12 Muscle Cells. PLoS One.
2016 Jan 19;11(1):e0146726. doi: 10.1371/journal.pone.0146726. eCollection 2016. PubMed
PMID: 26785133; PubMed Central PMCID: PMC4718532.
https://www.ncbi.nlm.nih.gov/pubmed/26785133
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Deepa SS, Pulliam D, Hill S, Shi Y, Walsh ME, Salmon A, Sloane L, Zhang N, Zeviani M,
Viscomi C, Musi N, Van Remmen H. Improved insulin sensitivity associated with reduced
mitochondrial complex IV assembly and activity. FASEB J. 2013 Apr;27(4):1371-80. doi:
10.1096/f].12-221879. Epub 2012 Dec 14. PubMed PMID: 23241310.
https://www.ncbi.nlm.nih.gov/pubmed/23241310

Sweet IR, Gilbert M, Jensen R, Sabek O, Fraga DW, Gaber AO, Reems J. Glucose stimulation
of cytochrome C reduction and oxygen consumption as assessment of human islet quality.
Transplantation. 2005 Oct 27;80(8):1003-11. PubMed PMID: 16278578.
https://www.ncbi.nlm.nih.gov/pubmed/16278578

Wu H, Xu G, Liao Y, Ren H, Fan J, Sun Z, Zhang M. Supplementation with antioxidants
attenuates transient worsening of retinopathy in diabetes caused by acute intensive insulin therapy.
Graefes Arch Clin Exp Ophthalmol. 2012 Oct;250(10):1453-8. doi: 10.1007/s00417-012-2079-4.
Epub 2012 Jun 14. PubMed PMID: 22695936. https://www.ncbi.nlm.nih.gov/pubmed/22695936

Li Y, Higashi Y, Itabe H, Song YH, Du J, Delafontaine P. Insulin-like growth factor-1 receptor
activation inhibits oxidized LDL-induced cytochrome C release and apoptosis via the
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PSEUDOMONAS AND CYTOCHROME C1 (A SELECTION OF THE
MOST RECENT CORRESPONDENCES)
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INSULIN, IRON AND TRANSPORTER (A SELECTION OF THE MOST
RECENT CORRESPONDENCEYS)
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