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Abstract: The mitochondrion is a natural robot (cell) with a length of
about one micron. Between organisms (plant, animal or human) with its
organs and the atomic and molecular components are positioned based
cells, which are building all the necessary organs body. Years ago,
medical specialists who are studying organ disease have considered that is
caused by impaired organ or related to other organs. For example, it was
considered that all nerve diseases have started from stress due to disorder
of the hypothalamic-pituitary-adrenal (adrenal glands). Today one knows
that psychological stress triggers some metabolic, inflammatory and
transcriptional perturbations that ultimately dispose to malady in cellular
energetics, involving mitochondrial energy production respiratory stress.
Future research on mitochondrial can lead to the elucidation of great
issues of life (including the generation of illness, aging and death bodies).
The main idea of this paper is that mitochondria are independent cells,
flexible, essential for complex life.
Keywords: Biomaterials, Bioengineering, Biotechnologies, Mitochondrion,
ATP Molecule, Biochemical Processes, Mitochondrial Energy Production,
Transcriptional Perturbations, Predispose to Diseases, Oxidative Stress,
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Introduction
Mitochondrion is a cell-organ found in massive
numbers in most cells, in which the biochemical
processes of respiration and production of energy occur.
It has a membrane double, the inner layer being folded
inward to form layers (cristae). Chloroplasts are cellorgans similar to the mitochondria of animal cells.
Mitochondrion has a length of about one micron.
Mitochondrion is a cell in cell! A mitochondrion has got
all needed for an independent cell: Two membranes for
protection, mitochondrial intermembrane space, crests,
ribosomes (consisting of a minute particle RNA and
associated proteins, which can be found in massive
numbers in the living cells cytoplasm. THEY bind
messenger RNA and transfer RNA to synthesize
Polypeptides and proteins. Motors, RNA polymerases
and ribosomes Such as, produce trailing strands of
mRNA and protein, respectively.
A mitochondrial cell may live free, even though it
prefers to live in symbiosis within other cells. Other
eukaryotic cells from animal and human need more
mitochondrial cells to live. Without these microcells the

animal and human (eukaryotic) cells can’t live! Another
important function of a mitochondrion is to kill
eukaryotic cells when it is their time to die. If a
eukaryotic cell can multiply by 40 times when multiplied
by 39 times the mitochondria present in it already begin
to prepare the eukaryotic cell for death. They begin to
leave the eukaryotic cell to perdition, not to die with her
and to no longer supply her with power. If one
eukaryotic cell is sick the inside mitochondrial cells are
trying to heal it first, but if this is not possible then the
eukaryotic cell is marked and all mitochondria inside
begin the process to kill her even the eukaryotic cell still
has many multiplication cycles possible. If eukaryotic
cell (dying, abandoned by mitochondria) do not dies
quickly, turns into a diseased cell cancer (harmful to the
body). The same undesirable phenomenon can happen
when they get sick mitochondrial cells itself.
Today, we know many causes that can cause
mitochondrial disorders (Andrews and Walker, 1999;
Arkblad et al. 1996; Bandura et al., 1985; Booth et al.,
2008; Bornstein et al., 2008; Bullitt, 1990; Buzea et al.,
2015; Cohen et al., 2007; DeSantis et al., 2015;
Dimsdale and Moss, 1980; Dimsdale and Herd, 1982;
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Gimsa et al., 2009; Gómez-Durán et al., 2010;
Gonzalez-Bono et al., 2002; Gorman et al., 2015;
Gray et al., 2014; Gut and Verdin, 2013; Hunter et al.,
2012; Jeppesen et al., 2013; Jones and Gilligan, 1983;
Juster et al., 2012; Kado et al., 1999; Koopman et al.,
2012; Lambert and Brand, 2009; Livak and Schmittgen,
2001; Lundberg, 2005; Wallace et al., 2010;
Rangaraju et al., 2014; Manoli et al., 2007; McEwen,
1998a; 1998b; 2007; McFarland et al., 2010;
Meimaridou et al., 2013; Morava and Kozicz, 2013;
Nasca et al., 2015; Olsen et al., 2013; Pelletier et al.,
2012; Petrescu et al., 2015; Petrescu and Petrescu, 2015;
Picard and Turnbull, 2013; Picard et al., 2014a;
Picard and McEwen, 2014; Picard et al., 2014b; 2015;
Rohleder, 2014; Saudubray and Rabier, 2007;
Schroeder et al., 2013; Sindi et al., 2013; Singh et al.,
1999; Sun et al., 2013; Szendroedi et al., 2012;
Ulrich-Lai and Herman, 2009; Vos et al., 2010; Weiner,
1992; Wellen et al., 2009; Wallace, 2013; Xia et al.,
2012; Ye et al., 2014; Zhang et al., 2010; Zhou et al.,
2007). Between organism (plant, animal or human) with
its organs and the atomic and molecular components are
positioned based cells, which are building all the
necessary organs body. Any base cell has his live and
tries to feed herself and multiply. A base cell can’t see
the mother organ or the organism. Moreover sometimes
stubborn attempt to survive of a basic cell can cause
disease to organ and later reach the whole body. Years
ago the medical specialists studying organ disease have
considered that is caused by the impaired organ or
related to other organs. For example, it was considered
that all nerve diseases have starting from stress due to
disorder of the hypothalamic-pituitary-adrenal (adrenal
glands). Today one knows that psychological stress
triggers
some
metabolic,
inflammatory
and
transcriptional perturbations that ultimately dispose to
malady in cellular energetics, involving mitochondrial
energy production and respiratory stress.
All future research on mitochondrial, may lead
tomorrow to elucidation of great issues of life (including
the generation of illness, aging and death bodies).
The main idea of this paper is that mitochondria are
independent cells, flexible, essential for complex life.
Today we not yet know the exact origin of these cells
miraculous.
It looks like a mitochondrion is a bacterium
independent complex that has adapted easily to life in
symbiosis with eukaryotic cells.
As every mitochondrion of an organism has its own
genetic code, it is not practically possible transfer of
mitochondria from one individual to another. Therefore
all ads that promise this are just a delusion. The study of
mitochondria helps us to achieve spectacular results in
preventing aging in humans, much more than
conventional methods used so far (Buzea et al., 2015;
Petrescu et al., 2015).

First Energy Source of Life
An obscure compound which is known as
pyrophosphite could have been a source of energy that
allowed the first life on Earth to form (New Theory for
Life’s First Energy Source, Corey Zah) (Petrescu and
Petrescu, 2015).
The author suggests that pyrophosphate would have
been relevant in the shift from basic chemistry to
complex biology when life on earth began.
They even brought further evidence of the
importance of this molecule and plan to further
investigate its role in abiogenesis-that is how life on
Earth emerged from inanimate matter billions of years
ago. In reality there are several conflicting theories of
abiogenesis, each trying to bring something new about
how life arose on Earth.
What is essential in these studies eventually is the
energy. Living matter has constantly need energy to exist
and function.
The main source of energy of living matter is made in
molecules known as ATP (Adenosine triphosphate).
An ATP molecule may change any sunlight heat to a
form of energy which may be used by plants, humans
and animals.
An ATP molecule contains these four vital elements:
Oxygen, hydrogen, nitrogen and phosphorus (thirteen
oxygen atoms, eight hydrogen atoms, five nitrogen
atoms and three phosphorous atoms).
Practically is important how the atoms of the four
elements are connected in an ATP molecule (Fig. 1).
ATP is constantly used and regenerated in cells via a
process known as respiration, a process driven by natural
catalysts called enzymes.
ATP transports chemical energy within cells in order
to achieve metabolic processes.
It is one of the final cell respiration and fermentation
and is used by enzymes and structural proteins in many
cellular processes, such as: Motility, biosynthetic
reactions and cell division.
One molecule of ATP contains three phosphate
groups, which is produced by a great variety of enzymes,
including the synthesis of ATP to Adenosine
Diphosphate (ADP), Adenosine Monophosphate (AMP)
and different donors of phosphate group.
Metabolic processes that use ATP as Associate in
energy supply, convert it back then to its precursors. In
this mode ATP is continually recycled in organisms.
The human body contains for example at one time an
amount of about 250 g of ATP (the equivalent of a single
AA battery).
ATP is employed as a substrate in signal transduction
pathways by kinases that phosphorylate proteins and
lipids. It's additionally employed by adenylate cyclase
that uses ATP to provide the second traveller molecule
cyclic AMP. The magnitude relation between ATP and
992
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AMP is employed as how for a cell to sense what
proportion energy is out there and management the
metabolic pathways that manufacture and consume ATP.

With the exception of its roles in sign and energy
metabolism, ATP is additionally incorporated into
nucleic acids by polymerases within the method of
transcription.
Moreover ATP is that the neurochemical believed to
signal the sense of taste.
One important reaction (biochemical reaction) is the
hydrolysis of ATP into AMP in cells: ATP → AMP + PPi.
By this biochemical reaction (ATP hydrolysis) one
ATP molecule becomes one AMP molecule and results
in addition one pyrophosphate (PPi), which is an anion
P2O74- noted with PPi.
The pyrophosphate (diphosphate or dipolyphosphate)
anion having structure “P2O74-” is an acid anhydride of
phosphate (Fig. 2).
The pyrophosphate is unstable in aqueous solution
and hydrolyzes into inorganic phosphate (Hydrogen
phosphate, Fig. 3) HPO42− (notted with Pi) by reaction:
PPi + H2O → 2 Pi
One phosphate ion (Fig. 4) is a polyatomic ion
having the formula PO43- and a mass molar of 94.97
g/mol. It is builded from one central atom of phosphorus
which is surrounded by four atoms of oxygen (in a
tetrahedral arrangement). A phosphate ion carries a
charge negative-three and is the conjugate base of the
hydrogen phosphate ion, HPO42-, who is the base
conjugate of H2PO4-, the dihydrogen phosphate ion,
which in turn is the conjugate base of H3PO4,
phosphoric acid.
The expert Corey Zah talks about this phosphate ion
as the “life's first energy source” (Petrescu and Petrescu,
2015) and we think that he has right.
It has long been known that phosphorus element
means energy.

Fig. 1. How the atoms of the four elements are connected on
one ATP molecule

Fig. 2. A pyrophosphate anion having structure “P2O74−”

About Mitochondria
Mitochondria are little organelles present in many
eukaryotic cells. Their size generally ranges from 0.5 to
1 micron in diameter. They have shapes and widely
varying structures. They are invisible when not dyed
specifically to be observed. Mitochondria are named the
battery of the life cells, to the extent they contribute to
the bulk of the cellular ATP production through the βoxidation, the citric acid cycle and oxidative
phosphorylation, ATP being the ubiquitous energy
molecule used in a very large number of chemical
reactions of metabolism, including anabolism.
In addition to their role in cellular energy
metabolism, mitochondria are also involved in cell
signaling, cell differentiation and cell death, as well as in
cell cycle control and cell growth. They have also been
associated with several human diseases, such as various
heart diseases and mitochondrial diseases.

Fig. 3. Hydrogen phosphate, HPO42− (notted with Pi)

Fig. 4. One phosphate ion
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eukaryotic
cell.
Indeed,
many
mitochondrial
pseudogenes present in the genome attest to a transfer
process throughout evolution. The genetic material
(mtDNA) of the mitochondrion (which is the only part of
the animal cell to have its own DNA, in addition to the
ring) is frequently used in phylogenetic research. The
mitochondrial genome (mtDNA) human is circular, has
no introns and consists of 16 569 base pairs, including
13 cistrons encoding mRNA, 22 genes encoding transfer
RNAs and two genes encoding ribosomal RNA.
The mitochondrial genome can be very different from
one species to another, it is extremely dynamic and is
often heteroplasmic, that is to say that different forms
coexist within the same cell. It can be found in circular
or linear, double or single strand. These different forms
are, inter alia, the products of the replication of the
mitochondrial genome by a rolling circle mechanism, but
also a replication-dependent recombination mechanism,
similar to the replication of the phage T4. Mitochondrial
genomes are usually represented in circular form, a
master cycle which is conform with the molecule which
may make a best description of genome. Mitochondrial
or mitoribosomes ribosomes are different from the cell
ribosomes: They are smaller (instead of 80S 70S).
The employee genetic code for protein synthesis can
differs from that utilised in cytosolic synthesis. In
vertebrates 4 codons 64 have different meanings, the
UGA codon that is transcribed in the cytosol stop codon
but the UGA template is transcribed in tryptophan
(Trp/W), AGG and AGA encoding a STOP codon
instead an arginine (Arg/R) and code AUA Methionine
(Met/M) instead of isoleucine (Ile/I).
Mitochondrial DNA can also replicate.
In animals during sexual reproduction, mitochondria
of the sperm into the oocyte could pass, but the number
of mitochondria and transferred remains very low
compared to those already present in the oocyte. In
other words, virtually all of the mitochondria of the egg
cell is from the female gamete. The study of the human
mitochondrial DNA makes it possible to trace the
genealogical relationships between individuals only by
mother road.
Some studies have been able to describe an ancestral
mitochondrial genome from which descend all
mitochondrial genomes of humanity. The individual
suspected female who wore this genome was called
mitochondrial Eve. This biblical term, however, remains
misleading, it is indeed highly unlikely that humanity
has a single female ancestor and recent studies proving
the transfer of mitochondria from the sperm during
fertilization, are challenging this theory.

Fig. 5. Mitochondrial
structure;
Representation
of
mitochondrial compartments: 1: Internal membrane; 2:
External membrane; 3: Intermembrane space; 4:
Mitochondrial matrix

Several properties make individual mitochondria
organelles. Their number per cell varies widely by
species, tissue and cell type. Thus, Red Blood Cells
(RBCs) are totally devoid of mitochondria, while the
liver cells can contain more than 2000. This organelle is
composed of several specialized compartments in several
physiological functions: The outer mitochondrial
membrane, the space mitochondrial intermembrane, the
inner mitochondrial membrane and the mitochondrial
matrix. The mitochondrial proteins are dependent species
and tissue considered. In humans, cardiac mitochondria
contain at least 615 different types of proteins, while it
has identified 940 in the rat; the mitochondrial proteome
is likely regulated dynamically.
Finally, mitochondria have their own genome, said
mitochondrial genome, whose DNA has many analogies
with the genome of bacteria.
Mitochondrial structure can be seen on the Fig. 5.

Materials and Methods
Mitochondrial Genome
According to symbiogenesis, mitochondria possess a
unique monophyletic origin. A primitive prokaryotic cell
would have integrated a endosymbiont at about 1.5 to 2
billion years, when the primitive atmosphere was rich in
oxygen. Phylogenetic studies indicate that this can be
associated with alphaprotéobactéries endosymbiont, the
closest relative of mitochondria currently being
experienced Rickettsia prowazekii, an obligate
intracellular parasite (that is to say, a bacterium that can
survive, grow and reproduce that within the cells of its
host, using the resources of the latter). During evolution,
the majority of the original endosymbiont genes have
been lost or transferred to the nucleus of the host

Mitochondrial Proteome
Mitochondrial proteome is the totality of the proteins
present in the mitochondria of a eukaryotic cell at a
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•

given time. The proteome is a dynamic set defined in
time (time being: Development stage, morning or
evening) and space (sample considered: Cell, tissue,
organism). To describe the set of proteins that may be
present in mitochondria at any time during the life of the
body, use the term total proteome. Mitochondrial
proteome is composed of proteins produced in the
mitochondria and encoded in the mitochondrial genome
and of proteins produced in the cytoplasm and encoded
in the nuclear genome. Most enzyme complexes (e.g.,
ATP synthase) are formed by the juxtaposition of
polypeptides synthesized within the mitochondrion and
in the cytosol (cell's internal fluid). While the
mitochondria are the descendants of bacteria, their
proteome proteins are not all bacterial, yeast. Thus in
the 50 to 60% of mitochondrial proteins have
homologues in prokaryotes, while 40 to 50% is not. It
is interesting to note that thanks to associations of
kinesin and dynein protein in the microtubules that
mitochondria are capable of movement.

Mitochondrial
Proteins
Mitochondrial Genome

Encoded

by

Operation
Mitochondrial is the battery of the cell because that is
where unfold the final stages of the respiratory cycle that
converts the energy of organic molecules from digestion
(glucose) into energy directly usable by the cell (ATP).
In case of absence of oxygen the cell uses fermentation
in the cytoplasm to produce the energy needed for its
operation, but it is a much less efficient system, which
degrades the substrate incomplete. Increasing the H +
ion concentration in muscle cells is one of the reasons
of fatigue after strenuous activity. Indeed, these H +
ions change the intracellular pH and enzymatic change
of fact operating conditions of the cell can no longer
work correctly It is in the mitochondria that are held the
last two phases of cellular respiration: The Krebs cycle
(in the matrix) and the electron transport chain (at the
inner membrane). Indeed, the production of ATP
comprises three main steps:

the
•

From 1 to 10% of mitochondrial proteins are
synthesized directly in the matrix by mitoribosomes,
from mitochondrial DNA. Mitochondrial DNA
(mtDNA) sequences are widely used for inferring the
phylogenetic relationships among species.
The dependence between neighboring nucleotides in
a codon make difficile the modeling of nucleotide
substitutions in protein-encoding genes.
It seems to be preferable to model the substitution of
amino acid than the substitution of nucleotide.
Generally is present a matrix of transition probability
of the model reversible Markov of amino acid
substitution for mtDNA-encoded proteins.

•
•

Mitochondrial protein having a prokaryotic
counterpart probably result from the transfer of genes to
the nuclear endosymbiont while non-homologous
proteins in prokaryotic proteins result from a
phenomenon of "enrichment" of the mitochondrial
proteome by new proteins and thus new functions.
Mitochondrial proteins encoded by the nuclear genome
(nuclear or mitochondrial proteins) are imported into the
mitochondrial matrix through various possible
mechanisms:

•

Glycolysis is the first step. It takes place in the cell
cytoplasm
The second step is the production of acetyl-CoA in
the mitochondrion
The third and final step is the oxidative
phosphorylation

During these three stages, via the Krebs cycle (thus
aerobic condition), allows the mitochondria, from a
glucose molecule, the theoretical production of 36 or 38
molecules of ATP (this depends on the Shuttle used to
transport the NAD glycolysis)-in practice, the yield is
slightly lower, next thirty molecules of nucleotide per
molecule of aldohexose change, some studies giving the
value of 29.85 ATP/glucose. Mitochondria participate in
apoptosis (cell death) with cytochrome C. In addition,
they also have a function of concentration and storage of
calcium ions, sodium and potassium where they are
stored in the form of opaque granules. There are also
gold, iron and osmium.

Mitochondrial Proteins Encoded by the Nuclear
Genome

•

Thanks to energy intake

Mitochondrial Poisons
Targets poisons Poisons
Complex I; Rotenone; barbiturates; mercury
derivatives
Complex II Malonate (malonic acid)
Complex III Antimycin
Complex IV; Azote monoxide; Cyanide; Carbon
monoxide
Complex V (F0/F1ATPase) oligomycin; Aurovertine
Exchanger ATP/ADP atractyloside; bongkrekic acid
Permeability of the inner membrane Dinitrophenol;
valinomycin

Complex import (3 on the inner membrane, 2 on the
outer membrane)
A signal peptide (about 15 to 30 amino acids) Nterminal position of the protein which permits their
recognition and imported into the mitochondrion
995

Raffaella Aversa et al. / American Journal of Engineering and Applied Sciences 2016, 9 (4): 991.1002
DOI: 10.3844/ajeassp.2016.991.1002

Some fish have the function not to prevent the
different complexes to function, that is to say, the
electron transfer in the respiratory chain are made but
these proteins, uncoupling or PCU will bypass the
complex V (ATP synthase) creating a channel through
the inner membrane. This pore allows protons to pass
from the inter-membrane space to the matrix in the way
of the own gradient, that allow obtains an exothermic
reaction but no ATP production. We can quote the
example of dinitrophenol.

•
•

Oxidative phosphorylation (OxyPhos) takes place in
the complex V (CoV) or ATP synthase which fragments
the energy released during the transport of electrons and
accumulates by creating a high-energy bond with a
phosphate group (Pi for inorganic phosphate), during the
enzymatic reaction represented by Equation 2:

Oxidative Phosphorylation
Oxidative phosphorylation is oxygen consumption
(mitochondrial
respiration)
associated
with
phosphorylation of Adenosine Diphosphate (ADP)
Adenosine Triphosphate (ATP). The oxygen consumed
acts as terminal electron acceptor and proton. Attaching
a phosphate to ADP absorbs a certain amount of energy.
The ATP are chemical energy accumulators, outgoing
mitochondria and participating in endothermic reactions
as they provide the energy needed by losing again
becoming a phosphate and ADP. The image centenary
molecules of fat and sugars "burning" in the cells to
provide energy needed for major biological phenomena,
movement, growth, proliferation, defense, is explained:
These molecules do not burn by direct combination with
O2, resulting in an immediate release and total energy
raising the temperature to values incompatible with life.
A molecule by direct reaction reduced oxygen with 4
hydrogen atoms releases 483.2 kJ (Equation 1):
O2 + 4e − + 4 H + → 2 H 2 O + 115.6kCal

ADP + Pi + energy → ATP

(2)

Pi is present as a balanced mixture of phosphates
represented in Equation 3:
H 2 PO − and HP42 −

(3)

These ATP molecules are small energy accumulators
which spread into the cytosol and enable many
endothermic reactions to occur. Four metallo protein
complexes are fixed in the inner membrane: Complex I
(CoI), complex II (CoII), the complex III (CoIII) and
complex IV (CoIV). The electrons released by the intramatrix Krebs cycle enter through two portals in the
respiratory chain enzyme system NADH oxidase FMN
attached to the CoI and FAD succinate dehydrogenase
fixed on the CoII. The two streams of electrons result in
a small molecule attached in the inner membrane, the
Coenzyme Q10 (ubiquinone 10). Each of the two
complexes (CoI and CoII) gives its electrons to
ubiquinone (Q10). From there, e- enter in the complex
III and reduce the heme iron of mobile molecules of
cytochrome c. These are then oxidized by the CoIV and
return seek an electron from the CoIII. Cytochrome c
acts as a transport shuttle, operating in the
intermembrane space. Finally, the electrons are used by
the matrix pole of CoIV to reduce an oxygen molecule
into two molecules of water. Complex V or ATP
synthase or F0-F1. Complex V is the principal place of
synthesis of cellular ATP.
Melatonin and its metabolite N-acetyl-5méthoxykynurénamine (AMK) physiologically would
regulate the ETC and oxidative phosphorylation.
Melatonin counteract the inhibitory effect of LPS on I
and IV complex that occurs by excess production
*NO, its effect being the more important on animal
and human age. The interpretation given to explain
the behavior of this molecule is its antioxidant action.
To remember! Coenzyme Q10 (ubiquinone 10) and
Melatonin.

(1)

The energy of this reaction in vitro (combustion of
hydrogen in air jet) is very high, causing a very high
temperature, incompatible with life: It emerges 115.6
kcal or 483.2 kJ or 3.016E18 MeV (1 kJ =
6.2415096471204E15 MeV). The potential energy of the
metabolite will be slowly released by a cascade of
enzymatic reactions that dissipate the "packets" of less
than 100 kJ will be immediately used for the
phosphorylation of ADP molecules. After this chain of
reactions, an oxygen molecule will accept 4 electrons
from low energy levels and four protons.
The normal pressure of oxygen at the mitochondrion
is 0.3 kPa (2 Torr). Isolated mitochondria exposed to
atmospheric oxygen pressure realizes, as can see, a
strong hyperoxia. Three steps can be distinguished in
these complex phenomena:
•

the cascade of reactions by releasing energy
levels of the electrons; they are the two entry
gates of the electron transport chain
Transport of electrons to oxygen or ETC
Continuous absorption of "packets" of energy for
the phosphorylation of ADP, by the ATP synthesis

The formation of "pools" of enzyme co-factors:
FADH2 and NADH; the Krebs cycle taking place
in the matrix ensures their reduction while
providing protons and high energy electrons.
These cofactors are essential to the operation of
996
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combustible material) If the energy supplied by the
electrons was not previously weakened. In nature, it is in
small quantities what this dissipated energy that could be
explosive. The electrons become less and less energy.
ROS (Reactive Oxygen Species) have a very specific
physiological role in the production of signals occurring in
the cell redox potential. A brief overview on thiolated
molecules and selenium (They achieve regulatory systems
of the redox potential). In the following series of reactions
(5), "ROS" (Reactive Oxygen Species) symbolizes various
activated derivatives of molecular oxygen:

Results
Mitochondrial Redox Phenomena
Tissues and cells need maintain a reducing
environment to survive. The energy required for life is
provided by a continuous flow of electrons between the
oxidized metabolites (able to lose electrons) and
diatomic oxygen ultimate goal of their movement. These
electrons are carriers of energy whose value is given by
measuring the potential difference between the carrier
molecule of the electron (reduced state) and even after
the departure of e (oxidized state), measured in
millivolts. Measurement by voltmeter recorder shows a
sigmoid curve; the middle potential (mid-potential)
passes through the inflexion point of the curve. ETC thus
comprises steps characterized by reduced/oxidized
couples having midpotentials less negative (or more
positive). The growth of the algebraic value of the
electric potential is, as we shall see, to an expressible
release of energy in electron volts, but also in Joule or
kcal. The flow of electrons occurs due to the existence of
redox couples cascades in cells whose potential, very
negative to the top of the cascade, gradually becomes
positive. But chemical agents that oxidations are
activated forms of the O2 (ROS or reactive oxygen
species). There is a quarter century there was talk of the
cellular redox potential and redox state. Today, the term
of redox state is given to one special redox couple who
has its median potential (mid potential), also called halfcell potential (half-potential), measured under standard
conditions (molarity: 1; pressure: 1 atm; temperature:
25°C; pH 0) and its reductive capacity. The cellular
redox environment is an essential factor for various
metabolic cell functions. It is provided mainly by the
balance between reduced forms of -SH thiol functions
and their oxidized forms -S-S- (disulfide). Main
mitochondrial redox couples:
•
•
•
•

P − SH + HS − P ⇒ P − S − S − P ( P : polypepticchanor protein)

P − SH + HS − G ⇒ P − S − S − G ( G : gultathione )

(5)
P − SH + ROS ⇒ P − SOH ( sulfenic acid )

P − SH + ROS ⇒ P − SO − OH ( sulfuric acid )
P − SH + ROS ⇒ P − SO − H sulfonic acid
(
)
3


These cysteinyl residues are controlled by the
thioredoxin and glutaredoxins systems.

Glutathione
Glutathione is the major part of the low molecular
weight thiols involved in redox homeostasis in
mammalian cells and plays a central role in cellular
defense. Mitochondrial glutathione alone is an important
part of the reserve cell GSH: 10 to 15% of the total
glutathione in the liver and renal proximal tubules.
Mitochondria import GSH cytosol and store almost 15%
of total cellular GSH content. Regeneration of GSH
shape is the center of the regulating of the redox
potential of a mitochondrion. There is a symbiosis
between this process and the NADPH regeneration
cycles and NADH and the role of transhydrogenase.

The Thioredoxin (Trx)
Trx Thioredoxins are enzymes intrinsically
antioxidant activity like all protein thiol group (-SH).
They also play an important role in regulating the
immune system. Once oxidized thioredoxin is reduced
by thioredoxin reductase (TrxR). It was in 1964 that was
first isolated Trx. These are small proteins of 12 kDa
having an active site dithiol, which are part of an
antioxidant system which the first known members are
glutathione (G-SH) and glutathione peroxidase. Both
cysteinyl residues oxidized (inactive) may be reduced by
a flavoenzyme, thioredoxin reductase (TrxR) in the
presence of NADPH (Zhou et al., 2007). Thioredoxins
also protect the cell against the electrophiles.
Mammalian cells contain two types of Trx; TRX1 is
present in the cytosol, while TRX2 is localized in the
mitochondria. The Trxs are electron donors for carrying
enzymes two thiol groups capable of forming a disulfide
bond,
such
as
peroxiredoxins.
Mitochondrial

GSSG/2 GSH
NAD+/NADH
NADP+/NADPH
CoQ/CoQ*

The energy released during the reduction of an
oxygen atom. Consider the "half-reaction" of oxygen
reduction in the presence of protons:
1
2 H + + O2 → H 2 O + 0.816V
2

(4)

It can be compared to the starting redox reaction at
the CoI ETC: NAD+/NADH, for which E0 = -0.32 V.
The energy released by the half-reaction (4) is
considerable and lead the environment in which it
happens to combustion (direct reaction of oxygen with a
997

Raffaella Aversa et al. / American Journal of Engineering and Applied Sciences 2016, 9 (4): 991.1002
DOI: 10.3844/ajeassp.2016.991.1002

of organs highly dependent on the latter: Neurons,
muscles.
More than 1,000 genes involved in mitochondrial
function. At the date of 2012, the causal mutations of
mitochondrial disease have been described in humans in
more than 200 nuclear genes and mitochondrial genes 13.
Some mitochondrial diseases reach only one organ
(like the eye in Leber hereditary optic neuropathy), but
most involve many organs and muscles with
neurological signs often in the foreground.
The manifestations of these diseases occur at any age.
In general, mutations in nuclear DNA occur earlier than
mutations of mitochondrial DNA.
However, the great variability of clinical
manifestations does not always allow for an accurate
diagnosis.
The
most
common
signs
of
mitochondropathie are ptosis, external ophthalmoplegia,
myopathy or excessive muscle fatigue, cardiomyopathy,
decreased vision and hearing, optic atrophy, retinitis
pigmentosa or diabetes.
The most common neurological signs are
encephalopathy, epilepsy, dementia, ataxia and spastic
disorders.
Physiologic, optimal concentrations may exist,
producing the normal effect, favorable to the smooth
running of cellular life.
The refinement of molecular biology techniques and
the deepening of mitochondrial biochemistry helped
make a distinction quite revolutionary for the pioneers of
oxygen metabolism. ROS play an indispensable role in
this newly discovered function: The signal transmission.
Let us briefly recall that a cell is part of a fabric and that
this set may according to its specialization, play a role, to
multiply, to contract or relax etc. In times of growth, cell
groups should disappear by apoptosis.
Extracellular messengers (messengers or humoral
first messengers) trigger a signal by pressing a
transmembrane receptor, which in structure changing
will initiate a signal that will propagate in the cell to the
effector sites, with intracellular second messengers.
Through these mechanisms, coordination is established
in the constitutive behavior of tissue cells. Mitochondria
are often involved in these processes, including
apoptosis, ROS and use as normal steps.

thioredoxin-2 has been cloned from the mitochondrial
DNA of the heart muscle, liver, stem cells and placenta.

The Thioredoxin Reductase (TrxR)
The thioredoxin reductase (TrxR) are enzymes with a
selenocysteine group in their active site. The TrxR also
involved in the degradation of lipid peroxides and
hydrogen peroxide and in the regeneration of the ascorbyl
radical in ascorbic acid. Both mammalian thioredoxin
reductase, TrxR-1 and TrxR-2 are enzymes FAD,
homodimeric (54-58 kDa), to selenocysteine and the two
components each have the same catalytic site. They
catalyze the reduction by NADPH oxidized thioredoxin
disulfide. They are inhibited by curcumin. In cooperation
with thioredoxin, they contribute to regulation of
mitochondrial and cytosolic redox potential.

Disorders of the Redox Balance and Activation of
O2
For various reasons, the redox equilibrium can be
brought into a more positive area, so oxidizing that
normally and it is called oxidative stress. This is a
pathological situation and is produced by ROS when the
concentration exceeds the limits within which they play a
physiological role. In other situations, the redox balance
may become more negative, more reductive: This is called
stress reducer and may occur in that moment when the
redox environment becomes too negative and is rooted
both in the cytosol and in the mitochondria. In both cases,
direct activation of the oxygen or the appearance of
activating radical reactions of oxygen will occur.
Disorders of redox balance damages the oxidative cellular
macromolecules. Today was shown that these disorders
can be made and by oxidative stress and by stressing the
animal or human. Such a house that collapses if one crush
bricks components and animal or human body can be sick
by disruption of cell components.

Discussion
Mitochondrial diseases or mitochondriopathies
linking together a patchwork of diseases associated
with mitochondrial respiratory chain disorders. This
disorder is secondary to a mutation of nuclear or
mitochondrial DNA.
Some more general diseases involve mutations of
mitochondrial DNA, although the exact role of the latter
is not known: It is the case in particular Parkinson's
disease and Alzheimer's disease. Other diseases probably
have a mitochondrial participation whose cause remains
hypothetical. This is the case so certain
cardiomyopathies, of Huntington's disease or obesity
with resistance insuline.
The involvement of mitochondria in energy
production chain accounts for a preferential involvement

Conclusion
One phosphate ion is a polyatomic ion having the
formula PO43- and a mass molar of 94.97 g/mol. It is
builded from one central atom of phosphorus which is
surrounded by four atoms of oxygen (in a tetrahedral
arrangement). A phosphate ion carries a charge negativethree and is the conjugate base of the hydrogen
phosphate ion, HPO42-, who is the base conjugate of
H2PO4−, the dihydrogen phosphate ion, which in turn is
the conjugate base of H3PO4, phosphoric acid.
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and to no longer supply her with power. If one
eukaryotic cell is sick the inside mitochondrial cells are
trying to heal it first, but if this is not possible then the
eukaryotic cell is marked and all mitochondria inside
begin the process to kill her even the eukaryotic cell still
has many multiplication cycles possible. If eukaryotic
cell (dying, abandoned by mitochondria) do not dies
quickly, turns into a diseased cell cancer (harmful to the
body). The same undesirable phenomenon can happen
when they get sick mitochondrial cells itself.

Mitochondrion can only come from the growth and
division of another existing mitochondrion. Normally,
before cell division, mitochondrion doubles its mass and
then splits into two. This division begins with the
appearance of a cleavage furrow on the inner membrane.
It takes place during interphase and requires the
intervention of the DRP1 protein. Mitochondrial DNA
replication is not limited to the S phase of the cell cycle.
The number of mitochondria per cell is regulated by
cellular activity. For example, a muscle cell break
contains 5 to 10 times less than a Mitochondria
permanently activated muscle cell.
The fact that the mitochondrion has its own DNA,
such as chloroplasts, indicates an exogenous origin: It is
now accepted that mitochondria come from the
endosymbiosis of an α-proteobacteria there are about 2
billion years. The symbiogenesis the origin of
mitochondria was developed and argued by Lynn
Margulis in 1966 and it was supported by the discovery
of the specific mitochondrial DNA in 1980. It appears
that during evolution the original DNA of the bacterium
has undergone various changes, lost a large number of
genes, sometimes transferred to the DNA of the host
cell. Parallel to this report the synthesis of certain
proteins to the host, the host has developed a battery of
translocases, enzymes enabling the transfer of these
proteins to the mitochondrial matrix.
Years ago the medical specialists studying organ
disease have considered that is caused by the impaired
organ or related to other organs. For example, it was
considered that all nerve diseases have starting from
stress due to disorder of the hypothalamic–pituitary–
adrenal (especially adrenal glands).
Today the experience of psychological stress triggers
neuroendocrine,
inflammatory,
metabolic
and
transcriptional perturbations which finally conduct to
diseases (However, the subcellular determinants of this
integrated, multisystemic stress response have not been
defined) and central to stress adaptation is cellular
energetics, involving mitochondrial energy production
and oxidative stress.
All future research on mitochondrial, may lead
tomorrow to elucidation of great issues of life (including
the generation of illness, aging and death bodies). The
main idea of this paper is that mitochondria are
independent cells, flexible, essential for complex life.
Mitochondrial ROS are detoxified by a specialized
intramitochondrial antioxidant system maintained by the
redox
enzyme
(nicotinamide
nucleotide
transhydrogenase NNT).
Another important function of a mitochondrion is to
kill eukaryotic cells when it is their time to die. If a
eukaryotic cell can multiply by 40 times when multiplied
by 39 times the mitochondria present in it already begin
to prepare the eukaryotic cell for death. They begin to
leave the eukaryotic cell to perdition, not to die with her
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