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ABSTRACT



Dominant Optic Atrophy (DOA) is a neuro-ophthalmic condition
characterized by a bilateral degeneration of the optic nerves, causing
insidious visual loss, typically starting during the first decade of life. The
disease affects primary the retinal ganglion cells (RGC) and their axons
forming the optic nerve, which transfer the visual information from the
photoreceptors to the lateral geniculus in the brain. Two genes (OPA1,
OPA3) encoding inner mitochondrial membrane proteins and three loci
(OPA4, OPA5, OPAS8) are currently known for DOA. Additional loci and
genes (OPA2, OPA6 and OPA7) are responsible for X-linked or recessive
optic atrophy. All OPA genes vyet identified encode mitochondrial
proteins are embedded in the inner membrane and ubiquitously
expressed. Optic nerve degeneration is therefore due to disturbed
mitochondrial function. However, the trigger for RGC loss is much more
complex than a simple bioenergetic crisis. More than 200 mutations in
the OPAl gene have been found to cause optic atrophy type 1
(Dominant form). The most conmen mutation in this gene is R445H.
While, a nonsense mutation in the TMEM126A gene which is also known
as OPA7 has been shown to be related to optic atrophy type 7 (receive
form).

A set of different aspects of optic nerve atrophy had been studied in this
work, where a search for mutations in the gene TMEM 126A took place
with a group of patients and all samples illustrated negative results.
Then a search for quality and quantity mutations in mitochondrial DNA
concerning a group of mice with genotype OPA1 +/- where carried out
and results showed no relationship between the mutation on OPA1 and
mitochondrial DNA. Finally in this thesis we studied the impact of
Genistein as an anti-oxidant on the fibroblast cells obtained from
patients carrying the mutation R445H OPA1, where it was found that
this product have a positive impact in increasing cell viability, a slight
improvement in the structure of the network and an effect on the
mitochondrial membrane potential.
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Mitochondria

Mitochondria are eukaryotic subcellular organelles which are commonly
referred as the powerhouse of the cell, since they produce most of the
cell's energy supply. These organelles, however, are the main players in
many other cellular processes, not only the energy production, but also
thermogenesis, apoptosis, reactive species of oxygen production and

calcium homeostasis.

Mitochondria present a complex double membrane system, where the
outer membrane (OM) bounds the organelle, and the inner membrane
(IM) separates the matrix space from the intermembrane space. The IM
is organized in distinguished compartments, the peripheral inner
membrane and the cristae, defined by several lines of evidence as the
active site of oxidative phosphorylation (Perotti et al., 1983; D'Herde et
al., 2001; Vogel et al., 2006), separated from the peripheral inner
membrane by narrow tubular structure, called cristae junction (Perkins

et al., 2001; Frey et al., 2000).

In the cytosol, mitochondria form a highly dynamic reticulum, which
morphology varies according to cell types and contexts, also depends on
continuous fission and fusion of both mitochondrial OM and IM (Chen et
al., 2004, 2005; Liu et al., 2009). The ultrastructure and the reticular
organization of the organelle are determined by mitochondria-shaping
proteins that regulate the equilibrium between fusion and fission

processes (Chen, X. et al., 2005).

Having multiple copies of own DNA, mitochondria exhibit unique
structures among the cytoplasmic organelles, and their DNA encodes a

small number of proteins, essential for their energetic function



(Anderson et al., 1981). However, nuclear genes encode the majority of
the proteins that are fundamental for mitochondrial physiology,
including those responsible for expression and maintenance of the
mtDNA. Proper mitochondrial function thus relies on the coordinate
expression of two separate genetic systems, the mitochondrial and the

nuclear genomes. (Bar-Yaacov et al., 2012).

The critical importance of this organelle is highlighted by the escalating
number of human disorders that in recent years have been shown to be
related to or in connection with mitochondrial dysfunctions. Many rare
genetic disorders are caused by mutation either in mitochondrial DNA or
in nuclear genes encoding for mitochondrial proteins. Mitochondrial
dysfunction has also been implicated in more common human diseases,
such as several degenerative diseases, cancers, diabetes, and even in the
natural process of aging (Zeviani and Antozzi, 1997; Wallace, 2005; Mao

and Holt, 2009; Trifunovic, 2006).
Mitochondrial Ultra-structure

As dual-membrane organelles, the OM in mitochondria is highly
permeable, containing many pores for small molecules to pass through.
In contrast, the mitochondrial IM is impermeable to small molecules and
ions, a property required for maintenance of an electrochemical
gradient between the matrix and the IMS (Figure 1) (Nicholls et al.,
2002). The IM folds into lamellar structures double-membrane
interdigitations called cristae, (Figure 1) (Frey and Mannella, 2000) which
increase its surface area and mass. These cristae were initially assumed
to be loose unfoldings of the IM, but subsequent electron tomography

studies have revealed that they form a structurally distinct compartment



(Perkins et al., 1997). Thus, the IM system is now best described as two
contiguous yet distinct membranes: the inner boundary membrane,
which faces the OM, and the cristae membranes, which extend into the
mitochondrial interior as tubules or lamellae. The cristae and inner
boundary membranes are joined by a limited number of discrete sites
called cristae junctions, which typically have a consistent diameter of 15-
20 nm, but may be altered by matrix volume and respiratory activity
(Frey et al.,2002; Frey and Mannella 2000; Mannella et al., 1997,
Mannella et al., 1994).

Mitochondria Inner Structure

Inner
Membrane

Quter
Membrane

Figure 1: Mitochondrial Structure
From: http://micro.magnet.fsu.edu/cells/mitochondria/mitochondria.html

It has been estimated that three quarters of the mass of the IM are
protein, and many of these proteins are components of the oxidative
phosphorylation (OXPHOS) system. The interior compartment of
mitochondria is composed of a gel-like substance, the matrix, which

contains enzymes of the tricarboxylic acid cycle, and B-oxidation. These



oxidation-reduction reactions and energy transfer processes make

mitochondria the powerhouses of eukaryotic cells (Mao and Holt, 2009).

The structural organization of the inner membrane strongly suggests
that diffusion between internal compartments is restricted. This can
have profound functional implications for the mitochondrial function.
Because oxidative phosphorylation relies on rapid diffusion of ions and
substrates to sites of transport or reaction on the mitochondrial IM, the
number and shape (diameter and length) of cristae junctions could
regulate rates of ATP phosphorylation under certain conditions (Perotti
et al., 1983; D'Herde et al., 2001). Furthermore the shape and volume of
cristae can be expected to affect the diffusion of cytochrome c between
intracristal and intermembrane compartments (Bernardi and Azzone,
1981; Scorrano, 2002). The morphologies of the cristae and the crista
junctions are highly dynamic, and might be sensitive to or controlled by
matrix volume and the energetics of protein—lipid membrane folding

(Renken et al., 2000).
Mitochondria and Energy Production

The mitochondrion is the site of the electron transport chain and
OXPHOS oxidative phosphorylation System, which provides the bulk of
cellular energy in the form of ATP (Balaban, 1990; Hatefi et al., 1985).

The OXPHOS system is composed of five enzymatic complexes (complex
I-V) (Figure 2) and consists of approximately 90 subunits, of which 13 are
encoded by the mtDNA. All the complexes are embedded in the lipid
bilayer of the mitochondrial IM. Complexes I-IV together with two

mobile electron carriers, ubiquinone (CoQ) and cytochrome c, make up



the electron transport chain. In the electron transport chain is coupled
to the generation of a proton gradient across the inner mitochondrial
membrane, which is further used by the fifth enzymatic complex,
complex V (FOF1-ATP synthase), to synthesize ATP from ADP and

inorganic phosphate (Saraste, 1999).

Complex | (NADH dehydrogenase) is the largest of the respiratory
complexes, comprising forty-five subunits, of which seven are

mitochondrially encoded (Carroll et al.,2002).

Complex Il is the only respiratory enzyme completely encoded by the
nucleus (Rustin et al., 2002). Complex lll, the middle segment of the
respiratory chain, and this complex has only one mtDNA-encoded
subunit, cytochrome b; the other 10 subunits are nucleous-encoded, and
at least one of these has been reported to be essential for the complex
assembly (Berry et al., 2000; Yu et al., 1998; Zeviani et al., 2003).
Complex IV is the terminal component of the respiratory chain,
composed of 13 subunits, of which three are encoded by the mtDNA.
The energy released by the flow of electrons through the respiratory
chain is used to pump protons through the mitochondrial inner
membrane by complexes |, lll, and IV. This electrochemical gradient is
finally utilised by the ATP synthase (F1FO-ATPase), to generate ATP
(Saraste, 1999). Complex V has two subunits encoded by mtDNA
(ATPase6 and ATPase8), that take part to the membrane-bound portion
(FO) of the complex, and about 13 other subunits encoded by nDNA
(Abrahams et al., 1994).
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Complex | Complex il Complex Il Complex IV Complex V
NADH Succinate Ubiquinol Cytochrome C ATP synthase
dehydrogenase dehydrogenase cytochrome C oxidase
oxidoreductase
47 Subunits 4 Subunits 11 Subunits 13 Subunits 17 Subunits
7 miDNA/40 nDNA 0 mtDNA/4 nDNA 1 mtDNA/10 nDNA 3 mtDNA/10 nDNA 2mtDNA/15 nDNA

Figure 2: Mitochondrial Respiratory Chain
From: Frontiers in Bioscience 14, 4015-4034, January 1, 2009

Even though the structure of each individual OXPHOS complex is fairly
well known, it is unclear how the complexes are organized in relation to
one another. It has been suggested that the enzymatic complexes of
OXPHOS exists as supercomplexes, so called “respirasomes”, where
several complexes are organized and function together. These
supercomplexes have been found in mitochondria of yeast, plants and
mammals (Krause et al., 2004, Schafer et al., 2006; Schagger and Pfeiffer
2000). The supramolecular organization of the OXPHOS system is
considered to be of great functional importance. Formation of
supercomplexes plays a role in the assembly and stability of the
complexes, suggesting that the supercomplexes are the functional state

of the respiratory chain (Vonck et al., 2009).



Mitochondrial Network

It remains an intriguing mystery how a cell generates and regulates the
morphology of its organelles. Consider the mitochondria. They are the
powerhouse of the cell, centers of respiratory, ATP production, and key
organelles in essential lipid metabolism pathways. Within a cell,
mitochondria appear in a range of forms from numerous small individual
organelles, as most often depicted in textbook illustrations, to a single
large interconnected membrane-bound tubular network, depending on
environmental conditions, cell type, and organism.(Rafelski SM et al.,
2013).(Figure 3)

mammalian cells
small separate tubules interconnected tubular network

‘s

Figure3: Mitochondrial Network morphology
Mitochondrial networks can vary from separated structures to interconnected networks.
From: Rafelski SM: Mitochondrial network morphology: building an integrative, geometrical
view. BMC Biology 2013 11:71.

Formally, the term ‘mitochondrial dynamics’ includes all of the different
ways that the geometrical features of mitochondrial networks change
over time. More commonly, ‘mitochondrial dynamics’ refers to the
fission and fusion dynamics that constantly remodel the mitochondrial
network. Fission cuts a tubule into two while fusion can link two tubules

together to form a longer tubule or a branch. The balance of fission and

10



fusion is important for shaping mitochondrial networks; more fission
than fusion leads to over-fragmented networks while more fusion than
fission leads to over-connected networks compared to normal, wild-type

networks. (Shaw JM et al., 2002).

Computational modeling of mitochondrial networks

Understanding the interdependence between the geometrical features
of mitochondrial networks will require a combination of quantitative
experimentation and computational modeling. From the computational
side, models of mitochondrial network organization can be generated
based on any given set of assumptions. The key requirement for these
sorts of computational models to be useful is the ability to compare
them to ‘real’ networks. Models need to be based on experimentally
perturbable parameters with output properties that can be
experimentally measured. Several studies have begun carefully
documenting the types of fission and fusion events and the biophysical
requirements for them to occur. (liu X. et al., 2009. Twig G. et al., 2010).
Several computational models of mitochondrial networks have been
generated. On one hand there exist models that attempt to tie together
fission and fusion dynamics with their effect on maintaining
mitochondrial health, testing the ‘mitochondrial quality control
mechanism’. (Mouli PK et al., 2009. Figge MT et al., 2012).

These models only take into account the fission and fusion dynamics
themselves, not the physical size, shape and distribution of the
mitochondria within the cell. Recently, a new model has been built that
for the first time incorporates the fact that mitochondria move in space,

can form networks, and undergo continuous biogenesis that is not
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necessarily coupled to mitochondrial turnover. (Patel PK et al., 2010).
This model makes testable predictions about where in parameter space
real mitochondrial networks should fall to maintain mitochondrial
function most successfully. On the other hand, models can be built to
determine the underlying requirements for generating the organization
of mitochondrial networks without considerations of their functional
impact. An example is a recent graph-based model that was built based
on a set of simple rules of network connectivity. (Sukhorukov VM et al.,
2012). This model predicts several topological properties that
mitochondrial networks should display, and thus can now be tested with
directed experiments measuring network topology. A key limitation of
this model is that it is purely topological and does not take any spatial
information into account. The next generation of computational models
will depend on more extensive quantitative experimental measurements
of the interdependent geometric features of mitochondrial network
morphology and, eventually, simultaneous mitochondrial functional
state.

Mitochondrial DNA

Human mitochondrial (mtDNA) is a double-stranded, circular molecule
of 16569bp. (Figure 4). The two strands of mtDNA, based on their
nucleotide composition, can be separated in a cesium chloride gradient
and are therefore called the ‘heavy strand’ (H-strand), rich in guanine,
and ‘light strand’ (L- strand) strand, rich in cytosine (Fernandez-Silva et
al., 2003). The mitochondrial genome sequence and gene organization
have been fully elucidated (Anderson et al., 1981). mtDNA in mammals
and other vertebrates exhibits extreme economy of sequence

organization, thus there are essentially no repetitive sequence families,
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introns or intergenic regions. Some respiratory chain protein genes
overlap and certain stop codons necessary for proper mRNA translation
are only generated after polyadenylation (Anderson et al., 1981; Ojala et

al., 1981).

There are only two non-coding regions in the mtDNA and they contain
most of the known regulatory functions; it contains sequences that are
vital for the initiation of both mtDNA replication and transcription. The
major one is the 1 kb displacement D-loop, characterized by the
presence of a triple strand structure, due to association of the new H-
strand in this region (Fernandez-Silva et al., 2003). The D-loop contains
the origin of H-strand DNA replication (OH) and is also the site of
transcription from opposing heavy and light strand promoters (Clayton,
2000; Scarpulla, 2008). The second non-coding region is about 30
nucleotides long and contains the origin of L- strand replication (OL).
This region is located in a cluster of five tRNA genes around two thirds of
the mtDNA length from the OH (Anderson et al.,, 1981; Fernandez-
Silva et al., 2003).

Figure 4: Mitochondrial DNA

Map of the human mitochondrial
genome. The displacement loop (D-loop),
or non-coding control region, contains
sequences that are vital for the initiation
of both mtDNA replication and
transcription, including the proposed
origin of heavy-strand replication (shown
as OH). The origin of light-strand
replication is shown as OL.

From: MITOCHONDRIAL DNA MUTATIONS
IN HUMAN DISEASE Robert W. Taylor and
Doug M. Turnbull 2005 Nature Publishing
Group.
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Most mitochondria contain between one and ten copies of mtDNA.
(Robin et al., 1988; Satoh et al., 1991). In a single cell the copy number
of mtDNA is typically over 1,000. This huge number of mtDNA molecules
is organized into discrete loci called mitochondrial nucleoids, which are
believed to be tethered to the IM. Mt-nucleoids comprise multiple
copies of mtDNA and an unknown number of proteins. Nuclear DNA
encodes all the proteins involved in mt-nucleoid metabolism. Most of
the little that is known about mammalian mt-nucleoids has come from
studies of human diseases caused by mtDNA perturbation. (Chih-Chieh
etal., 2009).

Despite its small size, mtDNA encodes 22 transfer RNAs, 2 ribosomal
RNAs and 13 polypeptides which are required for OXPHOS. Although the
number 1000 is widely quoted as the mtDNA complement of a typical
cell, there is in fact considerable variation in the mtDNA copy number
among different cell types and tissues. The key determinant of the copy
number is energy demand; thus, cardiac muscle has a considerably
higher mtDNA copy number than skin cells. A high mtDNA copy number
appears to protect against defects in mtDNA because OXPHOS can still
be maintained without a significant cellular phenotype, until or unless a
large proportion of mtDNA molecules is defective. (Chih-Chieh et al.,
20009).

Mutation in Mitochondrial DNA

The human mitochondrial genome is extremely small compared with the
nuclear genome, and mitochondrial genetics presents unique clinical and
experimental challenges. (Robert et al., 2005). Despite the diminutive

size of the mitochondrial genome, mitochondrial DNA (mtDNA)
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mutations are an important cause of inherited disease. Considerable
progress in understanding basic mitochondrial genetics and the
relationship between inherited mutations and disease phenotypes have
been reported recently, and in identifying acquired mtDNA mutations in
both ageing and cancer. However, many challenges remain, including
the prevention and treatment of these diseases. (Robert et al., 2005).

The increasing ease with which the mitochondrial genome can be
analyzed, and the availability of a consensus human sequence, have
both helped to recognize mtDNA disorders as a frequent cause of
genetic disease. It is difficult to estimate the true prevalence of mtDNA
disease owing to its many clinical guises, presentations and the
involvement of numerous causative mutations. (Andrews et al., 1999).

In addition, there is increasing evidence from animal models (Trifunovic,
et al., 2004) and human studies (Muller-Hocker, et al., 1990) that
acquired mtDNA mutations and mitochondrial dysfunction are involved
in ageing and age-related diseases such as diabetes. (Mootha et al.,
2003; Petersen et al., 2003). Although our present knowledge already
indicates that mtDNA mutations are an important cause of disease, but
the true impact of these mutations on human health remains to be

determined.

Quantification of Mitochondrial DNA Mutation Load

Mitochondrial DNA mutations have been shown to accumulate with age
in a number of postmitotic [e.g. brain (Cottrell et al., 2001a), heart
(Cortopassi and Arnheim, 1990), skeletal muscle (Cooper et al., 1992)
human tissues. These mutations have been shown to clonally expand to

a level, which causes respiratory chain deficiency. These respiratory
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chain deficient cells can be detected using histochemical techniques (Old
and Johnson, 1989) and fractions of respiratory chain deficient cells
calculated with ease. However, quantifying the total mtDNA mutation
load in ageing tissues is challenging but of fundamental importance if we
are to understand the importance of mtDNA defects in human ageing.

A number of previous studies in human brain (Simonet al., 2001)
skeletal muscle (Del Bo et al., 2002) and blood (Wilding et al., 2006), and
numerous tissues in the mitochondrial mutator mouse (Trifunovicet al.,
2004; Kujoth et al., 2005) have employed a post-PCR cloning strategy.
This technique involves DNA extraction followed by PCR amplification of
a target sequence in the mitochondrial genome with a high-fidelity DNA
polymerase. These PCR products are then cloned in a bacterial vector,
and the plasmid DNA re-amplified and sequenced. Each individual PCR
product is a copy of one mtDNA molecule and by sequencing a large
number of clones; the mutation load per base pair can be quantified.

An alternative method is single-molecule PCR (Kraytsberg and Khrapko,
2005). This involves extraction of mtDNA from tissue sections followed
by serial dilution of the DNA down to a dilution in which only one in
every five PCR reactions contains an amplifiable mtDNA molecule. This
ensures that only one molecule is being studied. This method allows any
polymerase errors to be identified.

A third method has recently been developed, the random mutation
capture (RMC) assay (Vermulstet al.,, 2007). This assay avoids the
possibility of both polymerase errors and fixation of base adducts into
mutations. The template DNA undergoes restriction digestion prior to
PCR, so that all molecules which are wild-type at that restriction site will

be cut and only molecules with a mutation in that site remain intact. PCR
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primers which flank the restriction site are then used to amplify the
mutant molecules only. The starting template copy number is quantified
using real-time PCR, and the mutation frequency calculated as the
number of mutant bases per total number of base pairs screened.

(Greaves et al., 2009).

Human Mitochondrial Diseases
Mitochondrial diseases are a diverse group of human diseases
characterized by defects in any aspect of mitochondrial function. Often
for simplicity, defects relating to energy production, especially OXPHQOS,
are considered separately. Since the components of OXPHOS are
encoded by mtDNA and nuclear DNA, and mtDNA is itself dependent on
nuclear genes for its maintenance and expression, mitochondrial
diseases of OXPHOS fall into three categories, mtDNA mutations as the
primary cause, nuclear DNA defects affecting OXPHOS but unrelated to
mtDNA, and nuclear DNA defects as a cause of mtDNA perturbation.
(Chih-Chieh et al., 2009).

1- Mitochondrial DNA as the primary cause
Mitochondrial DNA mutations can themselves be divided into two broad
categories, those that affect translation, and those affecting a specific
protein- encoding gene. The 22 tRNA and 2 rRNA genes are all required
for mitochondrial translation; hence, deleterious mutations in any one
will affect the production of all 13 mitochondrially-encoded components
of OXPHOS.

2- Nuclear DNA defects affecting OXPHOS rather than mtDNA
Most of the 1000 or more mitochondrial proteins encoded in nuclear

DNA do not directly affect mtDNA stability, but relate to mitochondrial
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metabolism and OXPHOS. (Poyton et al, 1996; Sue et al., 2000).
However, since OXPHOS is formed through the complementation of
nuclear and mitochondrial DNA, mutations in nuclear genes encoding
either structural component of OXPHOS, (Smeitink et al., 1999; Budde et
al., 2003). Or factors involved in the assembly of OXPHQOS, ( Pecina et al.,
2004) can all lead to clinical phenotypes similar to mtDNA mutations.
3- Nuclear DNA defects as a cause of mtDNA perturbations

Nuclear genes encode all the mtDNA binding proteins. (Bar-Yaacov et al.,
2012). Some are essential for replication and others are presumed to
play roles in maintenance and segregation. As mitochondria are the
major site of free radical production, protection from oxidative stress is
another key function of the mtDNA binding proteins. Mutations in these
nuclear genes can therefore produce mutations in mtDNA, but unlike
primary mtDNA mutations, these are heterogeneous (multiple deletions
and/or point mutations). Predictably, the clinical phenotypes associated
with nuclear gene defects of proteins involved in mtDNA metabolism are
often similar to those linked to specific mtDNA mutations, but the
transmission follows Mendelian rules rather than a maternal pattern of

inheritance. (Chih-Chieh et al., 2009).

Optic Atrophy

- Optic atrophies (OA) refer to a specific group of hereditary optic
neuropathy in which the cause of the optic nerve dysfunction is
inherited either in an autosomal dominant or autosomal recessive
pattern. Autosomal dominant optic atrophy (ADOA), type Kjer, is the
most common OA, whereas autosomal recessive optic atrophy

(AROA) is a rare form. Prevalence of ADOA ranges from 1:50,000 to
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1:10,000. The frequency of AROA is unknown but the disease seems
rare. (Christophe et al., 2003).

- On other hand the Leber's hereditary optic neuropathy (LHON) is a
distinct type of inherited optic atrophies or hereditary optic
neuropathies. LHON refers to an optic nerve dysfunction due to
mutations in the mitochondrial DNA (mtDNA) and is transmitted in a
non-mendelian or maternal pattern. However, sporadic forms and
singleton cases of LHON are numerous. (Christophe et al., 2003).

Autosomal Dominant Optic Atrophy

Mutations in the OPA1l gene are responsible for autosomal dominant
optic atrophy. This disease is believed to be the most common of the
hereditary optic neuropathies, which is the most common form of
inherited optic neuropathy, and the second leading cause of blindness in
the world. (Delettre et al., 2002). With an estimated disease prevalence
of 1:50,000. DOA, also known as Kjer’s optic atrophy, affects retinal
ganglion cells and the axons forming the optic nerve, leading to

progressive visual loss (Kjer et al., 1996).
Clinical Features and Histopathology

Autosomal dominant optic atrophy, first described clinically by Batten
(Batten, 1896) and Kjer (Kjer, 1959), is characterized by a slowly
progressive bilateral loss of central vision starting in childhood and
variably progressing in adult life (Carelli et al., 2004; Yu-Wai-Man et al.,
2009; Delettre et al., 2002; Cohn et al., 2008). DOA has an insidious
onset, presenting usually between ages four and six years, although in

mild cases it may remain subclinical until early adult life (Hoyt 1980).
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Rapid decline in visual acuity in adult life has been reported but it is rare

(Kjer et al., 1996).

Normal Affected

Color
vision

Figure
5: Appearance of diagnosis & testing at the level of Optic disc, visual field and color vision in
normal and affected individuals
From: www.inmfrance.com/us/1_team1_lenaers.php

The disease is highly variable in clinical expression (Figure 5) and shows
incomplete penetrance in some families (Hoyt et al.,, 1980; Johnston et
al., 1999; Votruba et al., 1998.). Visual impairment is usually moderate
(6/10 to 2/10), but ranges from mild or even insignificant to severe (legal
blindness). The visual loss is usually symmetrical, visual fields in patients
with DOA characteristically show central, paracentral, and often appears
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as a large defect in individuals with severe disease (Manchester and
Calhoun 1958; Hoyt et al., 1980; Votruba et al., 1998). The colour vision
defect is often reported as an acquired blue-yellow loss, or tritanopia
(Eliott et al., 1993), but most individuals have a generalized nonspecific
dyschromatopsia and some families have been described in which
affected individuals have red-green defects (Jeager et al., 1972; Kok-van-

Alphen, 1970; Mantyjarvi et al., 1992).

Post mortem studies of two patients with DOA identified similar
histopathological changes, with disperse atrophy of the retinal ganglion
cells layer, loss of myelin and fibrillary gliosis along the anterior visual
pathways extending to the lateral geniculate body (Johnston et al., 1979;
Kjer et al., 1983). The optic nerve showed axonal loss and swelling,
demyelination, and an increased content of collagen especially in the
temporal aspect, suggesting specific vulnerability of the papillomacular
bundle fibres, without signs of inflammation. MRI data from patients
with DOA have also confirmed significant tissue loss and thinning of the

optic nerve along its entire length (Votruba et al., 2000).

Although there are dominantly inherited syndromes of optic atrophy
associated with neurologic dysfunction, most of the patients with the
syndrome of autosomal-dominant optic atrophy have no additional
neurologic deficits. However, sensorineural hearing loss is not
uncommon, and tends to cluster within families. The hearing loss ranges
from severe and congenital to subclinical (i.e., identified by specific
audiologic testing only). In most cases, it is unclear whether these

pedigrees represent a phenotypic variant of dominant optic atrophy, a
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genetically distinct disorder, or a genetically heterogeneous group of

disorders with a similar phenotype (Amati-Bonneau et al., 2005).

Genetics of the Disease

Two genes (OPA1 on chromosome 28) and (OPA3 on chromosome 19)
encoding inner mitochondrial membrane proteins and three loci (OPA4
on chromosome22), (OPA5 on chromosome 12) and (OPA8 on
chromosome 16) are currently known for DOA. Additional loci and genes
(OPA2 for X-linked), (OPA6 on chromosome 8) and (OPA7 on
chromosome 11) are responsible or recessive optic atrophy. All OPA
genes yet identified encode mitochondrial proteins embedded in the
inner membrane and ubiquitously expressed, as are the proteins
mutated in the Leber Hereditary Optic Neuropathy. (Lenaers et al.,
2012). OPA1 mutations affect mitochondrial fusion, energy metabolism,
control of apoptosis, calcium clearance and maintenance of
mitochondrial genome integrity. OPA3 mutations only affect the energy

metabolism and the control of apoptosis. (Lenaers et al., 2012).

Figure 6: The major locus has been mapped to chromosome 328 and the responsible gene,
OPA1l, is identified.
From: http://ghr.nlm.nih.gov/gene=opal

In 2000, two simultaneous studies reported OPA1 mutations in patients
affected by autosomal dominant optic atrophy (Alexander et al., 2000,

Delettre et al., 2000). DOA is a genetically heterogeneous disease, and
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five loci have been linked to the disease (named OPA1 to OPAS5) (Olichon
et al., 2007b). Among these, the most common form of DOA is caused by

mutations in the OPA1 gene. (Figure 6).

The OPA1 gene (GenBank accession no. AB011139) is 6031 nucleotides
long and is composed of 31 exons spanning >114 kb of genomic DNA.
According to the eOPA1 database, 205 OPA1 gene mutations have been
identified, which are basically family specific. (Ferre et al., 2005). These
mutations are spread throughout the protein, but the GTPase domain
(32,8%), dynamin domain (18,1%), the C-terminus (18,1%) and the N-

terminus region (6,9%) are more frequently affected.

R445H OPA1 Mutation
The R445H mutation is the only OPAl1 mutation that has been
associated with this unique syndrome of optic atrophy, sensorineural

hearing loss, ptosis, and ophthalmoplegia in two unrelated families (Li et

al., 2005).

Dominant optic atrophy, ptosis, ophthalmoplegia and sensorineural
deafness have previously been described in a Belgian and North
American family with the R445H OPA1 GTPase-domain mutation (Payne
et al., 2004; Li et al.,, 2005). Intriguingly, R445H is one of the most
common OPA1 mutations, but the phenotype usually only involves the
visual system (Hudson et al., 2008). It remains to be established why the
same mutation can cause an organ specific phenotype in some families,

but a multi-system disorder in another (Hudson et al., 2008).

The heterozygous R445H mutation in OPA1 was found in patients with

optic atrophy and deafness. Skin fibroblasts showed hyper
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fragmentation of the mitochondrial network, decreased mitochondrial
membrane potential, and adenosine triphosphate synthesis defect.
Thus, optic atrophy and deafness may be related to energy defects due

to a fragmented mitochondrial network (Amati-Bonneau et al., 2005).

The R445H mutation in OPA1 might be the cause of the association
between dominant optic atrophy and moderate deafness, a phenotype

that may be currently under diagnosed (Amati-Bonneau et al., 2003).

Note: As mentioned before retinal ganglion cells are specifically affected
by mutations in OPA1. Since all derived cells from patients were skin
fibroblasts, therefore it was necessary to apply a stress effort on the
cells by using staurosporine, where staurosporine is a natural alkaloid. It
is widely employed as an inducer of apoptosis in many mammalian cell

types. (Kruman et al., 1998; Posmantur et al., 1997).
TMEM 126A : Transmembrane Protein 126A

Defects in this gene are a cause of optic atrophy type 7 (OPA7).
Hereditary optic atrophy is a group of neurodegenerative disorders
characterized by a sudden or gradual loss of retinal ganglion cells
function. The disease primarily involves the macular beam of the optic
nerve and may progress to peripheral fibers. Leber hereditary optic
neuropathy (LHON) and autosomal-dominant optic atrophies (adOAs)

are by farmore frequent than recessive forms.

Typically, patients with LHON and ADOA have no relevant health
problems apart from optic atrophy. However, the disease may be
associated with a wide range of extraocular features of mitochondrial

dysfunction, including brain, cardiac, muscle, or auditive signs. (Hanein
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et al.,, 2009). In contrast with LHON and ADOA, autosomal-recessive
optic atrophies (AROAs) usually involve the central nervous system and

other organs. Nonsyndromic arOA are less common. (Barbet et al.,

2003).

Considering that all known optic atrophy genes encode mitochondrial
proteins, (Carelli et al., 2007) the selected in the interval three genes
predicted to encode mitochondrial products. (Calvo et al., 2006).
Systematic sequence analysis identified a homozygous nonsense
mutation in the gene encoding TMEM126A; a transmembrane protein.
Where, a nonsense mutation is a point mutation in a sequence of DNA
that results in a premature stop codon, or a nonsense codon in the
transcribed mRNA, and in a truncated, incomplete, and usually

nonfunctional protein product.

48 additional unrelated patients affected with nonsyndromic OA (AROA
n = 14; ADOA n = 10; sporadic n = 24) have been screened for
TMEM126A mutations. All affected patients and their relatives, including
all members of family. In all cases, OPA1 mutations and the most
frequent LHON mutations (mtDNA G11778A, G3460A, T14484C, and
G15257) were previously excluded by direct sequencing. None of the
sporadic and adOA cases carried TMEM126A mutations. (Hanein et al.,
20009).
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Figure 7: The TMEM126A gene is located on the long (g) arm of chromosome 11 at position 14.1.
http://ghr.nlm.nih.gov/gene/TMEM126A
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The TMEM126A gene spans 8.5 kb on chromosome 11 (Figure 7) and
encodes a single ubiquitous transcript (770 bp) made of one noncoding

and four coding exons. (Cizkova et al., 2008).

TMEM126A have been identified as a gene that encodes a mitochondrial
protein of higher eukaryotes and whose mutations are to our knowledge
the first known genetic cause of nonsyndromic autosomal-recessive
optic atrophy. This finding gives further support to the view that
mitochondrial dysfunctions are a hallmark of optic neuropathies,
suggesting that common therapeutic approaches may be developed to
improve the long-term prognosis of patients whatever the gene

involved. (Delettre et al., 2000 ; Chevrollier et al., 2008).

Pathophysiology of the Disease

OPA1 gene sequencing in patients with hereditary optic neuropathies
indicates that the clinical spectrum of DOA is larger than previously
thought. The systematic molecular screening of OPA1 in patients with
DOA has revealed a wide range of phenotypic variations of the disease.
Specific OPA1 mutations are responsible for several distinct clinical
presentations in DOA patients, in DOA with deafness (DOAD), and in
severe multi-systemic syndromes, the so-called “DOA plus” disorders
(Amati-Bonneau et al., 2008; Hudson et al., 2008). The study of the
various clinical presentations of DOA in conjunction with the
investigation of OPA1 mutations in fibroblasts from patients with optic
atrophy provides new insights into the pathophysiological mechanisms
of the disease, while underscoring the multiple physiological roles

played by OPA1l in energetic metabolism, mitochondrial structure and
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maintenance, and cell death (Amati-Bonneau et al., 2009; Lenaers et al.,

2009).
What are the effects of the mutations on mitochondria?

From the observations, two hypotheses arise that can link mutations in
OPA1 and mitochondrial dysfunction. One is that truncated or partially
inactivated proteins might somehow destabilize the mitochondrial inner
membrane and therefore interfere with the function of the respiratory
complexes, reducing the amount of energy produced and increasing the
amount of derived reactive-oxygen species (ROS). The second hypothesis
is that mutated proteins might partially disorganize the mitochondrial
network to the extent that the energetic pools of ATP would be

unevenly spread in the cell. (Delettre et al., 2002).
Why retinal ganglion cells?

Despite the ubiquitous expression of OPA1 gene in all organs; retinal
ganglion cells are specifically affected by mutations in OPAl. One
possibility reasons is that OPA1 is predominantly expressed in the retinal
ganglion cell layer. (Pesch et al., 2001). Moreover retinal ganglion cells
are fundamentally highly susceptible to the reactive-oxygen species.
(Kortuem et al., 2000). Vulnerability of retinal ganglion cells could also
be related to specific requirements in the distribution of the energy
along their axons and lead to the failure of the transport in the optic
nerve. Another hypothesis is that the optic nerve mitochondrial network
in necessary to maintain transmission of action potential along the axon
and particularly in the non-myelinated laminar proteins which are rich in

mitochondria. (Andrews et al., 1999).
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Mitochondrial network dynamics in DOA

Fibroblasts from DOA patients possess either normal or fragmented
mitochondrial networks in comparison with controls (Olichon et al.,
2007b; Zanna et al., 2008; Chevrollier et al., 2008). Mitochondrial
structure alterations have been frequently reported in fibroblasts
(Amati-Bonneau et al., 2005, 2008; Olichon et al., 2007b; Zanna et al.,
2008), in myotubes (Spinazzi et al., 2008), in skeletal muscle from DOA
patients (Amati-Bonneau et al.,, 2008) as well as in OPA1 mouse models
(Alavi et al., 2007). The identification of a single OPA1 GTPase mutation
that specifically disrupts the fusion-fission equilibrium, without affecting
respiration, supports the concept that in some cases OPA1 mutation has
a direct implication in the fusion machinery (Spinazzi et al., 2008). Since
this alteration of mitochondrial shape is not associated to altered
bioenergetics or increased sensitivity to apoptosis, it could be assumed
that pro-fusion activity of OPA1 per se is relevant in DOA pathogenesis,

at least in this case.
DOA Plus

Mutations in OPA1 have been linked also to syndromic form of DOA
associated with sensorineural deafness, ataxia, axonal sensory-motor
polyneuropathy, chronic progressive external ophthalmoplegia and
mitochondrial myopathy with cytochrome c oxidase negative and
Ragged Red Fibres. (Amati-Bonneau et al., 2008) This clinical phenotype
has been defined as “DOA plus” syndrome. Most remarkably, these
patients all harboured multiple deletions of mtDNA in their skeletal
muscle, thus revealing an unrecognized role of the OPA1l protein in

mtDNA stability (Hudson et al., 2008).
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Gain or loss of function of the protein activity is responsible for mtDNA
instability. The current hypothesis states that OPA1l is a mechano-
enzyme that uses GTP hydrolysis to switch between distinct
conformations that either facilitate membrane fusion directly or recruit
machinery for it (Praefcke and McMahon, 2004; Hoppins et al., 2007).
GTPase activity is critical for OPA1l function and DOA miss-sense
mutations found in the GTPase domain adjacent to its active site (A357T,
G439V, R445H, S545R) may impair GTP hydrolysis locking the protein in
an ‘on’ or ‘off ’ state (Amati-Bonneau et al., 2008; Hudson et al., 2008).
Where, a miss-sense mutationis a point mutationin which a single
nucleotide change results in a codon that codes for a different amino

acid.

However, it must be noted that a number of other miss-sense mutations
in the OPA1 gene have been described and listed in the eOPA1 website
(http://lbbma.univ-angers.fr) (Ferre et al., 2005), including the exons
building up the GTPase domain. Concerning these latter mutations there
is no report of ‘plus’ features in these patients, which seem to be
affected by classic DOA. Thus, it is reasonable to assume that mis-sense
mutations in the GTPase domain not necessarily lead to ‘OPA1 plus’
phenotypes, which may be strictly dependent on amino acid location

and/or change.
Genistein

Genistein is a natural compound belonging to the class of isoflavones.
While isoflavones are widely distributed in plant Kingdome, the
concentration of these compounds is relatively high in particular in

soybeans. (Fukutake et al., 1996; Barnes et al., 1995).

29



However it was also isolated from fermentation broth of various kinds of
microorganisms (Streptomyces sp., Pseudomonas sp.). (Asahi et al.,

1981).

Despite the relatively simple chemical structure of genistein its mode of
action remains still fairly unexplored. Numerous experiments have been
undertaken show that genistein interferes with many biochemical
pathways and its mode of action in the live cell is complex and
multidirectional. Several biochemical targets of genistein in the cell were
defined. However these proteins targets may partly serve to account for
varied genistein effects that can be observed in cell or tissue cultures.
One of the biological activities of genistein explored in cell is antioxidant
effects among many other effects. Thus the recent studies are focused
on application of this natural isoflavone in the treatment of cancer as

well as many other chronic diseases. (Polkowski et al., 2000).

Genistein can inhibit both the priming events necessary for high level of
reactive Oxygen species (ROS) production or can directly inhibit agonist-

stimulated ROS production. (Peterson et al., 1995).
Genistein as an inhibitor of mitochondrial oxidative damage

It is well recognized that mitochondrial dysfunction is associated with
neurodegenerative disease (Moreira et al., 2010). Functional food,
especially the dietary consumption of antioxidant compounds has been
the subject of much interest in protection against neurodegenration. Soy
isoflavone (SIF) is the major flavonoid found in the human diet (Song et
al., 2007). A number of beneficial effects of SIF especially genistein

(Gen), the main active component in SIF, has been shown on several
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disease such as osteoporosis (Stechell and Lydeking-Olsen 2003; Bitto et
al., 2009), cancer (Li et al., 2010) and cardiovascular disease (Park et al.,
2005; Si and Lui 2007). Recently Genistien had gained attention due to
its potential health benefits in preventing neurodegeneration (Valles e et
al., 2010; Lee 2008; Wang et al., 2005). Previous study has indicated that
Gen could clear reactive oxygen species (ROS) partially and play an

antioxidant role. (Ma et al., 2010).

Although past studies have extensively explored its antioxidative (Ma et
al., 2010), anti-inflammatory (Valles et al., 2010), and estrogenic effects
(Zeng et al., 2004), there is little evidence regarding the protective effect
of Gen on mitochondrial dysfunction induced by oxidant production.
Thus, we hypothesize that oxidation pressure may damage the
mitochondrial membrane and resulting in the reduction of antioxidant
capacity, subsequently affecting the cell function and ultimately lead to

neuronal death. (Xi et al., 2011).
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JUSTIFICATIONS & AIMS
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Justifications of the Project:

Since of the great importance of the visual hereditary neuropathy,
especially dominant optic nerve atrophy in the conception of sight loss
in humans, as well in the light of continuous and systematic research for
a new genes and new mutations related to the disease, additionally of
the detection whether there is a relationship between nuclear
mutations causing the disease, and the appearance of mutations in
mitochondrial genes, and to investigate for the role of Genistein in
protecting cells taken from DOA patients against the effect of oxidation

factors research aims to:

Aims of the Project
1. Systematic sequence analysis to identify a mutation in the gene

encoding TMEM126A.

2. Detection of mutations in mitochondrial DNA; extracted from
OPA1+/- mouse (model animal).

3. Studying the effect of Genistein on the Fibroblast R445H OPA1,
and characterize the effect of this product on the mitochondrial
network and mitochondrial membrane potential.
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MATERIALS & METHODS
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All the following experiments took place in laboratories of Institut des

Neurosciences de Montpellier - St Eloi Hospital, Montpellier — France.
1:0 Genetic diagnoses TMEM126A Gene
1:1 AmpliTaq Gold PCR (Applied Biosystem)

Same reagent are going to be used in each PCR reaction concerning the
five different exones only forward and backward oligos are changed

regarding to the suitable exone were amplified.

1. Thaw and gently mix each of the reagents. Avoid generating
bubbles when mixing the enzyme. Spin the enzyme solution down
in micro centrifuge before pipetting. Pipet the enzyme and buffer

slowly and carefully:

Table 1: The components of AmpliTag Gold PCR reaction

AmpliTaq Gold (1.25 units/ reaction) 0.4yl
10X PCR Gold Buffer 5 pl
MgCl2(25mM) 5 pl

Oligo F (0.5 uM) 2.5l

Oligo R (0.5 uM) 2.5l

dNTPs 10mM each) 0.8 ul
DNA Tamplate 50ng 4 ul

Water 30 ul

Total Volume 50ul

2. Optimal PCR amplification achieved using the thermal profiles
outlined bellow, please note that for each exone a specific and
most appropriate program were set where annealing temperature

is substantial:
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Table 2: Thermal cycling steps of the 1% and 5" Exons of TMEM126A

. Numbers of
Step Temperature, C Time
Cycles
Initial
95 5min 1
denaturation
Denaturation 95 30s
Annealing 58 30s 35
Extension 72 30sec
Final extension 72 10min 1
Hold 22 o0 Hold

Same program were set for each of the other exons, but annealing

temperature were adjust in convenient with each exon as following:

Exon #1: Annealing Tem. 58° C
Exon #2: Annealing Tem. 60° C
Exon #3: Annealing Tem. 55° C
Exon #4: Annealing Tem. 48° C

Exon #5: Annealing Tem. 58° C

» Oligos to amplify TMEM126A (designed and prepared by the

laboratory):

Table 3: List of primers of the TMEM126A exons

Sens Anti-sens
Exon1: CTT CTCAGC CCAAAG CCG CT CGT CGT GCT TCT CCT GACAC
Exon2: CAG ATT AGCTCT ACAGTATTAT CCTTCTCACTTCCATGTTG
Exon3: GGG ATA GAT GTC GTATCC AG ATT ACA GCATAC AGT ACTTGG
Exon4: CAATTA CATTTG ATATAT TAC CTG GGG TAACATTGCCTTTGG TC
Exon5: TTITATCTTAAGACTTCTAGGAC CCTTTT GTT GTA GGT CCC AG
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1:2 DNA sequencing

1:2:1Purification

ExoSAP-IT prepares PCR products for numerous applications, such as
sequencing. When PCR amplification is complete, unconsumed dNTPs
and primers remaning in the PCR product mixture will interfere with

further methods. ExoSAP-IT is used to remove these unwanted nucleotides
and primers and provide PCR products suitably prepared for DNA

sequencing.

ExoSAP-IT (usb) is added directly to the PCR products. The enzymes are
active in the buffer used for PCR. After treatment ExoSAP-IT is inactivated
simply by heating to 80°C for 15°C.

Table 4: The components of ExoSAP-IT reaction

PCR Products 10 ul
ExoSAP-IT 1.5 ul
Water 1.5 pl

1:2:2 Sequence Reaction

1. Set the Sequence Reaction:

Table 5: The components of the sequence reaction

Purification Products (200-300ng) 2ul
Big Dye (Applied Biosystems) 2u
Buffer 2ul

Oligo (f or b) 1l
Deionized water 3ul
Total Volume 10ul

2. Pipet up and down to mix well, seal the plate of 96 wells with adhesive film

or caps, then spin the plate briefly.
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3. Run the reactions in a thermal cycler:

Table 6: Thermal cycling steps for sequencing

Numbers of
Temperature,” C Time
Cycles

96 Tmin 1

96 10s

50 5s 25

60 4min

20 Hold 1

1:2:3 The Precipitation:

1. For each sequence reaction add a mixture composed of:

Table 7: The components of the precipitation reaction

Sodium Acetate 3M 1l
Ethanole 95% 25 ul
1 EDTA (125mM) 1pl
Sequence reaction products 10ul

2. Centrifuged at 4000 rpm for 45 min.
3. Eliminate the supernatant by two successive centrifuges.

1st centrifugation 1200 rpm 30 sec to remove the supernatant

2nd centrifugation 3000 rpm 1 min
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Check that there is no residue on the walls of the wells. If this is the case,
perform the 3rd centrifugation at 3000 rpm for 1 min to remove all the

residues.

4. Add 35pul of 70% ethanol to each well. Reseal the strips with caps or

set a sticky film on the 96-well plate.

5. Centrifugal 3600 rpm for 15 min

6. Eliminate the supernatant by two successive centrifuges:
As described in step (3).

Check that there is no residue on the walls of the wells. If this is the case,
perform the 3rd centrifugation at 3000 rpm for 1 min to remove all the

residues.
7. Resuspend the pellet in 15ul formamide and homogenize.

8. The products are sequenced by Four capillary sequencer (upgradable
to 16 capillaries) — 5 fluorochromes. And data analyzed on Specific
software: Sequencing Analysis. Sequences obtained were compared with

the references on NCBI Reference Sequence Database (BLAST).
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2:0 OPA1 +/- mouse mt-DNA analyzing
2:1 Post PCR Cloning

The flow chart below outlines the experimental steps necessary to clone

the PCR product:

Produce blunt PCR products

J

TOPO cloning reaction

J

Transform into bacterial cells

J

Select and analyze colonies

J

Isolate plasmid DNA and sequence

To look at mutation load by PCR cloning, DNA was extracted from cells

delivered from both wild type mice and OPA1 +/- mice.

2:1:1 Produce Blunt PCR Products

The PCR reaction was completed by the using of specific primers of non
coding region in the mtDNA called the D-Loop region which is the major
control site for mtDNA expression because it contains the leading for origin of

replication and major promoters for transcription.
Set up the following 50 pl PCR reaction (Promega):

1. Gently vortex and briefly centrifuge all solutions after thawing.
2. Place a thin-walled PCR tube on ice and add the following components for

each 50 pl reaction:
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Table 8: PCR reaction Components to produce blunt products

Sterile water Variable (add to a final volume)
10X Pfu Buffer with MgSO4 5yl
dNTP Mix, 2 mM each (Promega) 5 pl (0.2 mM of each)
Forward primer 0.1-1.0 yM
Reverse primer 0.1-1.0 yM
Template DNA 50 pg -1 ug
Pfu DNA Polymerase (Promega) 1.25-25u
Total volume 50 pl

3. Gently vortex the samples and spin down.

4. Perform PCR using the following thermal cycling conditions:

Table 9: Thermal cycling steps to produce blunt products

. Numbers of
Step Temperature, C Time
Cycles
Initial
95 5min 1
denaturation
Denaturation 95 30s
Annealing 62 30s 35
Extension 72 2min
Final extension 72 10min 1

» Two sets of primers were (designed and prepared by the laboratory)

of non coding region in the mice mtDNA called the D-Loop region:

Table 10: List of primers of the D-loop region

Sens Anti-sens
Set 1: AGA AGA AGG AGCTACTCCCCAC GGA TAC AAT TAT CCATCT AAG C
Set 2: CAC CAG CAC CCA AAG CTG GT TAA GGC CAG GACCAAACCTTTG
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5. 10 pL blunt-end PCR product electrophoresis by agarose gel (1.5%) to
verify the quality and quantity of the PCR product. And make sure that
we have a single, distinct band of the correct size. Then the band on gel

were visualized and photographed over UV light.

Direct cloning of DNA amplified by proofreading polymerases including
Pfu into TOPO Cloning vectors is often difficult because of very low
cloning efficiencies. This is because proofreading polymerases remove
the 3" A-overhangs necessary for Cloning. Invitrogen has developed a
simple method to clone these blunt-ended fragments.

This is just one method for adding 3" adenines:

After amplification with the proofreading polymerase, place tube on ice
and add 0.7-1 unit of Taq polymerase (Invetrogen) per tube. Mix well. A
sufficient number of PCR products will retain the 3” A-overhangs.

2. Incubate at 72°C for 8-10 minutes (do not cycle).

3. Place onice and use immediately in the TOPO Cloning reaction.

TOPO Cloning Kits for Sequencing (Invetrogen) provide a highly efficient
one-step cloning strategy "TOPO Cloning" for the direct insertion of Taq
polymerase-amplified PCR products into a plasmid vector for
sequencing. No ligase, or PCR primers containing specific sequences are
required.

Tag polymerase has a nontemplate-dependent terminal transferase
activity, which adds a single deoxyadenosine (A) to the 3" ends of PCR
products. The linearized vector supplied in this kit has single,
overhanging 3" deoxythymidine (T) residues. This allows PCR inserts to
ligate efficiently with the vector.

2:1:2 TOPO Cloning Reaction

Use the following procedure to perform the TOPO Cloning reaction. Set
up the TOPO Cloning reaction using the reagents in the order shown:
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Table 11: The components of the TOPO cloning reaction

Reagent Volume
Fresh PCR product 1pul
Salt Solution 1L
Sterile water Variable add to a total volume of 6 pL
TOPO vector* 1pul
Final Volume 6 uL

*The plasmid vector (pCR®4-TOPO®)

1. Mix the reaction gently and incubate for 15 minutes at room
temperature (22-23°C).

2. Place the reaction on ice to stop it.

2:1:3 One Shot Chemical Transformation

1. Add 2 pL of the final product of TOPO Cloning reaction from the last step
into a vial of One Shot Chemically Competent E.coli and mix gently. Do not

mix by pipetting up and down.

2. Incubate on ice for 5-30 minutes.

3. Heat-shock the cells for 30 seconds at 42°C in water bath without shaking.
4. Immediately transfer the tubes to ice.

5. Add 250 uL of room temperature S.O.C. medium.

6. Cap the tube tightly and shake the tube horizontally (200 rpm) at 37°C for
1 hour.

7. Spread 10-50 uL from each transformation on a prewarmed selective plate.
(LB plates containing 50-100 ug/mL kanamycin) To ensure even spreading of

small volumes, add 20 uL of S.0.C. medium.
8. Incubate plates at 37°C, visible colonies should appear within 8 hours.

9. An efficient TOPO Cloning reaction should produce several hundred
colonies. pCR®4-TOPO® allows direct selection of recombinants via

disruption of the lethal E. coli gene, ccdB. The vector contains the ccdB gene
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fused to the C-terminus of the LacZa fragment. Ligation of a PCR product
disrupts expression of the lacZa-ccdB gene fusion permitting growth of only
positive recombinants upon transformation. Cells that contain non-
recombinant vector are killed upon plating. Therefore, blue/white screening is

not required.

2:1:4 Analyze Transformants:

1. Inoculate as much of the white single colony as possible in LB containing

50—100 pg/mL ampicillin.
2. Incubate in a horizontally shaker (200 rpm) at 37°C for overnight.

2:1:5 Isolate Plasmid DNA

To purify the plasmids follow the manufacturer's protocol concerning (QlAprep
Spin Miniprep) Kit.
This protocol is designedfor the purification of plasmid DNA from 1-5ml
overnight E.coli culture in LB medium centrifuge at 10000rpm for 5 minutes or
5000rpm for 10 minutes.
Things to do before starting:

- Add RNase a solution to buffer P1.

- Add ethanol (96-100%) to buffer PE

- Check buffers P2 and N3 for salt precipitation and redissolve at 37°C if

necessary.

1. Resuspend pelleted bacterial cells in 250 pl Buffer P1 and transfer to a
microcentrifuge tube. Centrifuge at 10000 rpm for 5 min.
2. Add 250 ul Buffer P2 and mix thoroughly by inverting the tube 4—6 times.
3. Add 350 pl Buffer N3 and mix immediately and thoroughly by inverting the
tube 4—6 times.
4. Centrifuge for 10 min at 13,000 rpm in a table-top microcentrifuge.
5. Apply the supernatants from step 4 to the QIAprep spin column by
decanting or pipetting.
6. Centrifuge for 30—60 s. Discard the flow-through.
7. Wash the QlAprep spin column by adding 0.5 ml Buffer PB and centrifuging
for 30—60 s. Discard the flow-through.
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8. Wash QIlAprep spin column by adding 0.75 ml Buffer PE and centrifuging
for 3060 s.

9. Discard the flow-through, and centrifuge at full speed for an additional 1
min to remove residual wash buffer.

10. Place the QlAprep column in a clean 1.5 ml microcentrifuge tube. To elute
DNA, add 50 pl Buffer EB (10 mM Tris -Cl, pH 8.5) or water to the center of

each QlAprep spin column, let stand for 1 min, and centrifuge for 1 min.

2:1:6 Plasmids DNA Sequence

Same protocol was applied as mentiend in page 45 in this review for

sequence reaction and precipitation.

2:2 SYBR Green-based real-time RT-PCR:
1. Prepare a PCR master mix as follows:

Table 12: The components of the SYBR Green RT-PCR reaction

2% iQ SYBR Green Supermix 2 ul
10 uM Forward primer 0.5 ul
10 yM Reverse primer 0.5 ul
Water 5 ul

DNA sample 2 ul

Total Volume 10pl

2. Mix the PCR master mix with DNA by gently pipetting up and down

several times (Note: Try your best to minimize bubble formation).

3. Seal the 96-well plate with a BioRad film. Spin down all droplets by

centrifugation at 4,000 rpm for 2 min.

4. Warm up the iCycler system for 15-20 min before use. Use the

following protocol for a general SYBR Green PCR assay:

45




Table 13: Thermal cycling steps for SYBR Green RT-PCR reaction

. Numbers of
Step Temperature, C Time
Cycles
Cycle 1 95 30sec 1
95 20sec End of cycle2:
Data collection and
Cycle 2 60 30sec 45 real-time analysis
enabled.
72 30sec
Cycle 3 95 Tmin 1 End of cycle5:
- Melt curve data
Cycle 4 55 1min 1 collection and
Cycle 5 55 10sec 80 analysis enabled.

2:3 Long-Range PCR:

Long Range PCR refers to the amplification of DNA lengths that cannot
typically be amplified using routine PCR methods or reagents. For DNA
templates, polymerases optimized for Long Range PCR can amplify up to
20 kb and beyond. This method needs three steps to be accomplished as
three PCR reactions take place as the following:

First PCR TaKaRa LA Taq (TAKARA BIO INC)

1. Keep all reagents on ice until use.
2. Set the reaction mixture on ice:

Table 14: The components of the first TakaRa La PCR reaction

TaKaRa LA Taq (5units/ pl) 0.5ul
10X LA PCR Buffer 5 pl
MgCl2(25mM) 5 pl
Oligo F (0.5 uM) 0.5 ul
Oligo R (0.5 uM) 0.5ul
dNTPs 2.5mM each) 8 ul
DNA Tamplate 5ul
Water 25.5 ul
Total Volume 50ul
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3. set a thermal cycler ready to start with the designated program and set the

tubes in to start the thermal cycling:

Table 14: Thermal cycling steps of the first TaKaRa La PCR reaction

Numbers of
Temperature,” C Time
Cycles
94 1min 1
98 10s
30
68 15min
72 10min 1

Second and Third PCR TaKaRa Ex Tag (TAKARA BIO INC)

1. Keep all reagents on ice until use.

2. Set the reaction mixture on ice:

Table 15: The components of the 2" and 3™ TaKaRa La PCR reaction

TaKaRa Ex Taq (5units/ pl) 0. 25 ul
10X Ex Taq Buffer 5yl
MgCl2(25mM) 5 pl
Oligo F (0.5 uM) 0.5 ul
Oligo R (0.5 uM) 0.5ul
dNTPs 2.5mM each) 4 ul
DNA Tamplate 5ul
Water 34.75 pl
Total Volume 50ul

2. set a thermal cycler ready to start with the designated program and set

the tubes in to start the thermal cycling:
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Table 16: Thermal cycling steps of the 2™ and 3" TaKaRa La PCR reaction

Numbers of
Temperature,” C Time
Cycles
94 30sec 1
98 10sec
30
68 1min
72 1min 1

4. Analyze 5-10 pL from the products by agarose gel (0.8%)

electrophoresis.
3:0 Cell Biological Tests

3:1 Cell Culture

Skin fibroblasts were derived, from DOA patients with mutation on OPA1
gene. R445H OPAL.

Fibroblast cells were cultured in Dulbecco Modified Eagle Medium
(DMEM) (Euroclone) supplemented with 10% fetal bovine serum (FBS)
(Euroclone), 2 mmol/L L-glutamine (Euroclone), 100 units/mL penicillin
(Euroclone), and 100pug/mL streptomycin (Euroclone), at 37°C in a 5%
CO2 humidified incubator. For incubations in galactose medium, DMEM
glucose-free medium supplemented with 5mM galactose (Euroclone), 2

mM L-glutamine, 5 mM Na-pyruvate and 5% FBS was used.

The following are the steps used to transfer the cells from the growing

flask to wells preparing them to the treatment:

1. Remove spent medium from the flask.

2. Wash the cell monolayer one time with PBS 5 ml.
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. Remove PBS, Pipette trypsin onto the washed cell monolayer
0.25X EDTA incubate for 5 min in 37°C
. Rotate flask to cover the monolayer with trypsin.
. Once the cells start to sheet and the media becomes cloudy, move
on to the next step.

Re-suspend the cells in a 5 times volume to the volume of Trypsin
of fresh serum-containing medium to inactivate the Trypsin.
Transfer the solution to 15ml tube and centrifuge at 1500rpm for
5 min.
. Remove the supernatant and then add 3ml of PBS or fresh
medium and centrifuge once again then remove the supernatant
again. Add 3ml of fresh medium.

Determine cell density and calculate the split ratio required to
seed the new wells depending on the desired final volume using
the Haemocytometer (counting chamber) (Bright-Line) and a

microscope.

Cells per ml = the average count per square x the dilution factor x 10*

(count 10 squares)

Example: If the average counts per square is 45 cells x 5 x10* =

2,250,000 or 2.25 x 108 cells/ml.

Total cell number = cells per ml x the original volume of fluid from which

cell sample was removed.

Example: 2.25 x 108 (cell per ml) x 10 ml (original volume) = 2.25 x

107 total cells.
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3:2 Cell Viability Test: MTT after treating with Genistein

1. Transfer the required number of cells (2500 cell/well) to the new
plates with appropriate final volume of new medium. (Test

performed in 96 wells plate).

2. Prepare the different dilution of Genistein diluted by DMSO:
0.1uM, 0.3uM, 1uM, 3uM, 10JM and 30uM.

3. Remove the medium, add 100ul from each dilution to 3 different
wells in the plate. For the negative and positive control add the same

volume of medium and DMSO. Incubate for 24hours in 37°C.

4. Remove the medium, wash with PBS. Add 100l staurosporine
(STS) (SIGMA-ALDRICH) 1.75uM for 3 hours in 37°C. For positive
control add STS diluted with the medium to the same concentration.
For the negative control add appropriate volume of DMSO and

medium.

5. After incubation remove the solution and wash one time with PBS,

add 100pI medium to each well and incubate in 37°C for 24 hours.

6. Remove the medium, add 100ul of 1:10 solution; MTT (SIGMA)
5mg/ml: DMEM. Incubate for 3 hours in 37°C

7. Spectrophotometrically measure absorbance at a wavelength of
570nm-655nm is applied using Bio Rad machine and microplate

manager as a soft ware analysis.
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3:3 Mitochondrial Network Structure (Mitotracker) after treating

with Genistein

MitoTracker (according to Invitrogen manual and protocol sheet) is a
red-fluorescent dye that stains mitochondria in live cells and its
accumulation is dependent upon membrane potential. To label
mitochondria, cells are simply incubated with MitoTracker probes,
which passively diffuse across the plasma membrane and accumulate

in active mitochondria.

Then we have to recognize the proportion filamentous phenotype,

fragmented or interspersed on 100 cells.

1. Culture the cells in a 6-well plate (35mm) and 2 ml of RPMI

medium supplemented.
2. Seed 100,000 cells / well and incubated 24 hours at 37°C.
3. Rinse wells with PBS and put fresh medium.

4. Remove the medium. Add the tested product with the propitiate

concentration incubate for 24hours in 37°C.

5. Remove the medium. Add the STS 2uM incubate for 3 hours in
37°C.

6. Remove the medium in each well, rinse with PBS and add 2 ml of a

100 nM Mitotracker (Invitrogen).
7. 30 min incubation in 37°C.

8. Remove the solution of Mitotracker then rinse with PBS.
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9. mtDNA and nuclear DNA were labelled by adding to the cells 0.5 pl
DAPI (SIGMA) 3uM incubate for 5 min in room temperature.

10. Observed by a microscope and images were captured by a
confocal microscope (Zeiss, LSM 510 Meta) with a 40X oil objective
(Diaphot, Nikon, Japan) using Metamorph acquisition/analysis

software (Universal Imaging Corp., Downingtown, PA, USA).

3:4 Quantitative Measurement of Mitochondrial Membrane Potential

(JC1) after treating with Genistein

This assay is applied to visualize mitochondrial membrane potential (AW)
by the utilization of a derivative of Tetramethyl Rhodamine (TMRE). The
TMRE is a cell permeable cationic dye that has a strong fluorescent
signal. In most healthy cell lines, accumulation of TMRE in mitochondria
results in a quenched fluorescence intensity. In apoptotic cells, where
the mitochondrial membrane potential is compromised, TMRE is not
accumulating in the mitochondria and therefore its fluorescence is not

quenched.

1. Culture the cells in a 6-well plate (35mm) and 2 ml of RPMI

medium supplemented.
2. Seed 100,000 cells / well and incubated 24 hours at 37°C.
3. Rinse wells with PBS and put fresh medium.

4. Remove the medium. Add the tested product with the propitiate

concentration incubate for 24hours in 37°C.

5. Remove the medium. Add the STS 2uUM incubate for 3 hours in
37°C.
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6. Remove the medium in each well, rinse with PBS and add 2 ml of a

S5hg/ml JC1 (SIGMA-ALDRICH).
7. 30 min incubation in 37°C.
8. Remove the solution of JC1 then rinse with PBS

9. mtDNA and nuclear DNA were labelled by adding to the cells 0.5 pl

DAPI 3JM incubate for 5 min in room temperature.
The cells were observed with two different wavelengths of emission:
538 nm (green): mitochondrial mass.
590nm (red): mitochondrial membrane potential.

The ratio 590/538 provides the mitochondrial membrane potential in

relation to mitochondrial mass.
Red: strong
Yellow: Medium

Green: low
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1:0 Genetic Diagnoses of TMEM126A Gene

After the Medical Diagnosis, if patients show any Inherited Optic
Atrophy (ION) symptoms, Genetic Diagnosis will take place in the
diagnostic process. Blood samples from the patients are used to extract
DNA. DNA analysis methods can indicate any occurrence of Dominant
Optic Atrophy (DOA) such as mutation in OPA1, OPA3 and OPAS, or
Recessive Optic Atrophy (ROA) such as mutation in TMEM126A gene.

* Considering that all known optic atrophy genes encode mitochondrial
proteins. Systematic sequence analysis identified a mutation in the gene
encoding TMEM126A, a transmembrane protein.

12 DNA samples from 12 different patients have no molecular diagnosis
as they show no mutation in neither OPA1 nor OPA3 and OPAS8 genes.
Amplifying the DNA samples; using specific oligos for each of the five
exons then sequencing TMEM126A exons to identify any mutation in
this gene. (Figure 8).

The results of the sequencing were negative indicating any mutation on
the TMEM126A five exons. To continue the diagnosis for further
information Mitochondrial DNA Analysis and Cell Biological tests will
take place in the process but not in this project.

TMEM126A Sequence

1 zacctccgtc cocgcocagtcca attagocagcocc gogacoocgge JooCgooCac goocgogtcac

&1 gagtcagcca aagatggctg cgcccaggta atttgagcaa aggccacagt gaactcoccgge
121 gtggctgagg =saggaggagy cacccacagg ctgctgggag gagagecataa ggctcaaaa
151 ggazaztcat zaatccaats ataaggasass catzacastt gttgatatat ccagazaas
241 tazaccageott ccagaagocag aaaggsatcot acttgazaat ggatoggttt atgttgoatt
301 aaatgotget ctttgtggoc tocatagcaza cagtottttt cgacgoatoct tgaatgtgac
36l asaggctoge atagotgcotg gottaccaat gogcagggata cocttttotta caacagactt
acttacaga tgttttgtaa gttttccttt gaatacaggt gatttggatt gtgsaacctyg

cataaca cggagtggac tgactggtcoct tgttattggt ggtctatacc ctgttttoctt
acct gtazatggtyg gtctagcagc caggtatcaa tcagctcoctgt taccacacaa
catc ttaagttact ggattagaac ttctaagcct gtctttagaa agatgttatt
tttg ctccagacta tgttttcage ataccttggyg toctgaacaat ataazactact
azaggoc cttcagttat ctgaacctgg cazzagazatt cactgatttt azzaczaatat
781 gtaaacaaaa ataaaatggt azasacagtt tatgtcta

Figure 8: the sequence of TMEM126A gene
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Table18: Length feature of the different five exons of TMEM126A gene

Position in the open Exon Length Fragment Amplified
reading frame Length
Exon1: 1to 89 90nt 259nt

Exon2: 90 to 182 92 nt 298 nt

Exon3: 183 to 376 193 nt 409 nt

Exon4: 377 to 491 114 nt 345 nt

Exon5: 492 to 726 234 nt 420 nt

The following is the result of the electrophoresis regarding the
amplifying products of all 12 patients, after that product were treat to
be appropriate to the sequencer as well results were BLAST but no
serious mutation had been found. (Figure 9).
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Figure 9: Gel electrophoresis . "

regarding the 12 DNA samples
obtained from the patients each set is P ———
concerning a specific exon of the
TMEM126A gene.




- According to the size of the bands on the gel all bands signify the
exact size regarding the representative exon in addition that the
sequencing results on BLAST showed no serious mutation had been

found in any of the 12 samples.
2:0 OPA1 +/- mouse mt-DNA analyzing

* As the OPAl +/- model animal is created; indications showed that
deletions in mitochondrial DNA and susceptibility to apoptosis are
activated, but yet mutation in mitochondrial DNA is not obviously
obtained whether if it's activated or not. Mitochondrial DNA mutations
are important cause of genetic diseases and have been proposed to play
role in the aging process.

Since there are multiple copies of the mitochondrial genome in a single
cell the quantification of total mitochondrial mutations is difficult,
moreover the detecting of individual mtDNA mutated molecules is
beyond the sensitivity of most sequencing based techniques.

The method currently used to document the incidence of mtDNA
mutations is Post-PCR cloning. The strategy of this method depends on
the amplification of a target sequence in the mitochondrial genome with
a high fidelity DNA polymerase. These PCR products are then cloned in a
bacterial vector, and the plasmid DNA purified then sequenced. Each
individual PCR products is a copy of one mtDNA molecule and by
sequencing a large number of clones; the mutations can be quantified.

The PCR reaction is completed by the using of specific primers of non
coding region in the mtDNA called the D-Loop region which is the major
control site for mtDNA expression because it contains the leading for
origin of replication and major promoters for transcription. The D-Loop
region is a hyper variable area therefore it is a hot spot for somatic
mutations.

In next step mtDNA extraction is going to be tested for both depletion
and deletions.
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Mitochondrial Depletion is a disorder involving a quantitative defect of
mtDNA. To establish a range of mtDNA levels; real-time quantitative
polymerase chain reaction (PCR) analyzing method will be carried out.
Deletions in mtDNA are going to be identified by long range PCR.

2:1 Post PCR Cloning

Over 100 samples of mitochondrial DNA had been sequenced and the
sequences obtained were compared with the references on NCBI
Reference Sequence Database over BLAST. With the consideration to
choose the clean sequence which lack of baseline noise so real peaks are
still easy to call for analysis.

OPA1+/-sampleno. 22

Score = 887 bits (480), Expect = 0.0

Identities = 482/483 (99%), Gaps = 0/483 (0%)

Strand=Plus/Minus

Query 81 TTGTTAATGTITATTGCGTAATAGAGTATGATTAGAGTITTGGTTCACGGAACATGATTT 140
Shjct 162858 TIGTTAATGITIATIGCGTRAATAGAGTATGATTAGAGTTITIGGTTCRACGGAACATGATTT 16240
Query 141 TGTARRATTTITACRAGTACTRARARATATRARGTCATATTITGGGRACTRCTAGRATTGATC 200
Shijct 1623% TGITRARLRRTTTTTACRAGTACTARRATATARGTCATATTITITGGGRACTACTAGRATTGATC 16180
Query 201 RGGRCATRAGGGTITTIGATAGITRATATTATATGICTITITICRAAGTICTTAGTIGTITITIGEGSET 2460
Shijct 1617% AGGRCATAGGGITIGATAGITAATATTATATGICITICARGTICTTIAGIGITTITIGSESGGT 16120
Query 261 TIGGCATTAAGRAGGAGGEGETGEEGGETIIGGAGAGTITARARTTTTIGTATTGAGTAGCAT 320
Shbjct 1611% TTIGGCATTAAGAGGAGGGGGTGGEGGGTTITGEAGAGTTARAATTTGGTATTIGAGTAGCAT 16060
Query 321 TTATGICTARCRAAGCATGAATARATTAGCCTTAGGTGATTIGGGTTTTGCGGACTRAATGATT 380
Sbijct 1605% TTATGICTAACRAAGCATGAATAATTAGCCTTAGGTIGATTIGEGTITTITGCGGACTARATGATT 16000
Query 381 CTTCACCGTAGGTGCGTCTAGACTGTGTGCTGTCCTTTCATGCCTTGACGGCTATSTTGA 440
Skbjct 15899 CITCACCGIAGGIGCGICTAGACTGIGIGCIGICCITICATGCCTITGACGGCTATGTTIGA 15940
Query 441 TGRARGTRAGGCCRALARATARR R RGRTRACCRRATGCATGRACACCACAGTITATGTITIGEICATIG 500
Shjct 1583% TGARAGTAGGCCARRATRARRAGRTACCARATGCATGRCRCCACAGTTATGITGGTCATG 158380
Query 501 GGCTGRTTAGACCCGATACCATCGAGATGTCTTATITARGGGGRRCGTATGEGCGATRARC 560
Shjct 1587% GGCTGATTAGRACCCGATRCCATCGAGATGTCITATTITAAGGGGRACGTATGEGCGATARC 15820
Query 561 GCA 563

Sbjct 1581% GCA 15817

Figure 10: A result of one of the mitochondrial DNA molecule which had been sequenced and

compared with the references on NCBI Reference Sequence Database over BLAST.

The result came screening that the bars show what places along our
sequence are similar to other published sequences concerning Mice
mitochondrial DNA database.

Several sequence gaps and misalignments were detected over all the
samples analyzed but no serious mutation had been detected.
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- The data showed in (figure 10) represent one example of the 100
plasmids that had sequenced. After applying the technique (Post PCR
Cloning); sequencing of the inserted fragment in the plasmid did not
appear with any serious mutation.

2:2 Long-Range PCR

— According to the size of bands the outputs of Long-Range PCR did not
show any deletion in in any samples of the mitochondrial DNA compared

with the reference and DNA ladder on agarose gel. (Figure 11).

M Ref WT +/- +/- C (I) Ref WT +/- +/- C

Kilobases Mass (ng)
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Figure 11: M: Marker, Ref: reference, wt: wilde Type, +/-: OPA1+/- DNA sample from model
animal muscles tissue, C: Control, (1),(I)and(ll): 1% 2" and 3™ PCR respectively.

59



2:3 SYBR Green-based real-time RT-PCR

The mtDNA copy number ratio was essentially unaltered when
comparing the mutated samples with those from the wild type
measured up to the nuclear genome. (Diagram 1).

The threshold line is placed within the exponential increase phase of the

amplification curve.

- PCR amplification plot (PCR Base Line Subtracted):

Cycle Threshold Values of Real Time PCR

18.6
18.55
18.5
18.45
18.4
18.35
18.3
18.25
18.2

B OPA1+/- BEWT

Diagram 1: Values of real time PCR of mutated and wild type samples of mtDNA

- Melt-curve analysis:

The amplification of our target sample is represented by a single peak
emerged at about 80-90°C. As the result came out there were no minor
peaks at lower and higher temperatures implies the presence of non-
specific PCR products or any contamination.

— The outputs of quantitative Rt-PCR did not show any difference in the
number of copies of mtDNA between samples taken from mutated mice
and samples taken from the wild type mice.
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3:0 Cell Biological Tests

* Since mutation in all genes encode mitochondrial proteins can be
clearly expressed in every single type of cells; Fibroblasts had been
selected for Cell Biological tests because of their ability to be obtained
easily by -in vitro culture- methods.

Studying the effect of Genistein on the Fibroblast R445H OPA1:

e MTT based test to measure the growth of the cells by counting the
viable cell after treating with Genistein in different concentration.
The MTT assayis acolorimetric assay for assessing cell viability.
dependent cellular oxidoreductase enzymes may, under defined
conditions, reflect the number of viable cells present. These enzymes are
capable of reducing the tetrazolium dye MTT 3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide to its insoluble formazan, which has
a purple color.

e And characterize the effect of this product on the:

- Mitochondrial network by using Mitochondrion-selective probes
MitoTracker.

- Mitochondrial membrane potential by JC1.
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3:1 Cell Viability Test: MTT after treating with Genistein

The following are the result (Diagram 2) is the average of two times experiment to

figure the optimal concentration of Genistein that affect on cell viability:

Genistein effect on the% change in cell viability, MTT 3 hours after
STS 3h 1.75uM

STS+ STS+ STS+ STS+ STS+ STS+
Control - Control + 0,1uM  0,3uM 1TuM 3uM 10uM 30uM

100.000 -
90.000 | BGENISTEL|
80.000
70.000
60.000
50.000
40.000
30.000 o

10.000 - AY_’>
0.000

42.905 39.864 48142
| * l *
|

28041 o T

&
©
w
N

26.689

18.750

% Change cell viability / control + STS

Diagram 2: Average of two times experiment to measure the effect of Genistein on cell viability percentage after

applying apoptotic stress caused by STS. X p < 0.05 which indicate to significant difference

The above chart is the sum results of the two times experiment of the

optimal concentration of Genistein that affect on cell viability.

To compare statistical differences between means tow sided t-test had
been applied where significant value indicate the optimum

concentration of the drug.

Genistein 3UM had best promotion of the cell viability compared with
the other concentration in the experiment, consequently of the previous
result which induced an increase in the percentage of cells viability in
this concentration; all further experiments to measure or test the

membrane potential and network structure of the mitochondria in
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cultured cells are applied to study the affect of the product in this

concentration (3uM).

— Cell viability MTT test after treating with six different concentrations
of Genistein ranged between 0.1uM and 30uM showed a better ratio of
viability in 3uM, where viability ratio increased by approximately 50%.
Thus this concentration used (3uM) of Genistein was used in the further

experiments.

3:2 Mitochondrial Network Structure (Mitotracker) after treating with

Genistein

Recognize the filamentous phenotype and fragmented phenotype on

100 cells repeated twice. (Table 23 and Figure 12).

Table 19: The percentage of different phenotypes of the mitochondrial
network among different treatments

Control

1°* Experiment 2" Experiment Percentage %
Fragmented 75 83 79
Filamentous 25 17 21

Genistein

1°* Experiment 2" Experiment Percentage %
Fragmented 78 89 83.5
Filamentous 22 11 16.5

Genistein + Staurosporine

1°* Experiment 2" Experiment Percentage %
Fragmented 62 55 58.5
Filamentous 38 44 41.5
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Control

Genistein

Genistein

Staurosporine

Figure 12: Representative images of mitochondrial morphologies of DOA fibroblasts incubated and

captured with different treatment to indicate any recognizable changes in mitochondrial network.
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Percentage of Mitochondrial Network
Structure

83.5
B  Fragmented %

Filamentous%

79

41.5

(Control ) (Gen) (Gen+STS)

Diagram3: Percentage of different phenotypes of mitochondrial network among 100 cells with each

treatment.

Results are reported (Diagram 3) as the mean standard deviation of two
different experiments. Our results indicate that mitotracker is a sensitive
indicator of relative changes in mitochondrial network morphology,
whereas Genistien is relatively effective on network changes under
apoptotic stress caused by staurosporine, as the results above we can
notice the notable changes in the percentage of cells with filamentous
network after treating with both Genistien and staurosporine. Yet there
is no notable changes can be mentioned caused by the lone effect of
Genistien its self compared with the control.

— The results of mitotracker which is the pigment that used to study
mitochondrial network structure shows that the mitochondrial network
in fibroblast cells R445H OPAL1 is fragmented in about 80% of the cells,
and this percentage is significantly improved after treating with
Genistein where network appears more filamentous in about 60% of the
cells . This result indicates the role of this drug in maintaining the

structure of the mitochondrial network.
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3:3 Quantitative Measurement of Mitochondrial Membrane Potential

(JC1) after treating with Genistein

Consequently, mitochondrial depolarization is indicated by a decrease in
the red/green fluorescence intensity ratio (Diagram 4). The potential-
sensitive colour shift is due to concentration-dependent formation of
red fluorescent aggregates; where a higher red means a high membrane
potential while a higher green means a low membrane potential. The
results in experiment show a slight changes on the comparative
measurements of membrane potential when treated by both Genistein
and staurosporine, in other hand those results do not reasonably
determine the percentage of mitochondria within a population that

respond to an applied stimulus by Genistein.

Quantitative Measurement of Mitochondrial
Membrane Potential (JC1)

11
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Diagram 4: Quantitative results of mitochondrial membrane potential for 100 cells after treating with

Genistein and staurosporine.
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- The results of JC1, which is the pigment that use to study the
mitochondrial membrane potential where parts for high-potential
appears in red while parts of the low-potential appears in green, a slight
increase in the relative measurements of potential when treating with

Genistein.
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DISSCUSION & CONCLUSIONS
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» Researches have identified TMEM126A as a gene that encodes a
mitochondrial protein of higher eukaryotes and whose mutations are to
our knowledge the first known genetic cause of nonsyndromic
autosomal-recessive optic atrophy (optic atrophy type 7). This finding
gives further support to the view that mitochondrial dysfunctions are a
hallmark of optic neuropathies, suggesting that common therapeutic
approaches may be developed to improve the long-term prognosis of
patients whatever the gene involved (Delettre et al., 2000, Chevrollier et
al., 2008).

TMEM126A may be important to the assembly of a protein complex
required for the function of retinal ganglion cells in higher eukaryotes. In
other tissues, it is possible that another protein of the TMEM family
could adequately substitute for the defective function of TMEM126A. It
is also possible that TMEM126A may be required to accelerate the
assembly of a protein complex. In the absence of TMEM126A, the
complex would constitute slowly, and only high-energy-demanding
retinal ganglion cells would be affected (Chevrollier et al., 2008).
Investigation must carry out to define the exact cause of the symptoms
within TMEM family or OPA family and more.

To date, there is no preventative or curative treatment in DOA; severely
visually impaired patients may benefit from low vision aids. Genetic
counseling is commonly offered and patients are advised to avoid
alcohol and tobacco consumption, as well as the use of medications that
may interfere with mitochondrial metabolism. The ultimate goal is to
translate these research advances into clinical practice and new

treatment strategies are currently being investigated to improve the
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visual prognosis for patients with mitochondrial optic neuropathies.
Gene and pharmacological therapies for DOA are currently under

investigation.

» Somatic mutations provide exquisitely specific biomarkers for cancer
diagnostics (Sidransky 2002). Somatic mutations in mitochondrial DNA
are particularly well-suited for such diagnostic applications because;
they are 500 to 1000 times more numerous in the cell than nuclear DNA
mutations (Jones et al., 2001, Wong et al., 2003, Fliss et al., 2000).
Plasma of two colorectal cancer patients prior to and following surgery
to remove their cancers was studied. In both patients, nuclear DNA
mutations were evident in the plasma before but not after surgery (Diehl
et al., 2008). Mutant mtDNA template molecules were also identified in
the plasma of these two patients at much higher concentrations before
surgery than after surgery, confirming their tumor-specificity. The
concentration of mutant mtDNA molecules in the plasma greatly
exceeded the concentration of the mutant nuclear genes. (He et al.,
2010).

Since we know that studies indicate that the mutation in OPA1 may
affects the stability of the mtDNA by the existence of ROS. Thus several
techniques involved measuring and specify the stability of mtDNA were
applied in model animal OPA1 +/- and compared to the wild type mice.
Overstatement the results do not indicates the high quality of the used
methods yet the conditions and qualifications of the experiments must
be modified to achieve intelligible results. For instance the age of the
mice have to be taken in account, five months old mice may be less

effective to give voluble indicators rather than the older mice. Moreover
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in the published study the samples were driven from human cancer
patients, whereas our samples are driven from mice model animal with
reference to OPALl. In addition for any further studies number of
samples must be multiply by 100 to obtain statistical and more realistic
results.

» Mitochondria are the major organelle of essential energy production
for cell activity, and have been suggested to be involved in many
important physiological activities (Moreira et al., 2010; Robertson and
Orrenius 2002). The mitochondrial respiratory chain is a major site of
ROS production in the cell, and thus mitochondria are suggested as a
prime target for oxidative damage (Trifunovic and Larsson 2008). In a
physiological state, most mammalian cells keep a balance between the
generation of ROS and its removal. However, when the mitochondria
suffer from injuriesthis balance is likely broken resulting in oxidative
stress that leads to cell death (Moreira et al., 2010; Hirai et al., 2001;
Robertson and Orrenius 2002; Trifunovic and Larsson 2008; Sas et al.,
2007). Intracellular oxidative stress is also known to alter a cell’ s
mitochondrial potential (Lee et al., 2011).

DOA is a mitochondriopathy, as the genes responsible for DOA encodes
proteins ubiquitously expressed, imported into the mitochondria and
associated to the inner membrane. Mutations in these genes generally
affect mitochondrial fusion, energy metabolism, maintenance of
mitochondrial genome integrity and balance between the generation of
ROS and its removal. Our findings are in agreement with data of
previous studies which have indicated that Genistein as a dietary
antioxidant plays a protective role in neurodegeneration (Valles et al,,

2010; Lee and Lee 2008; Wang et al., 2005; Ma et al., 2010; Yu et al.,,
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2009; Ma et al., 2009). Researches focused on mitochondria of PC12
cells and found Genistein maintained the mitochondrial redox system
disordered by beta-amyloid peptide 25-35 (AB25-35) and then
maintained mitochondrial membrane potential.

Based on the present results that Genistein maintains mitochondrial
membrane potential and reduction-oxidation system in mitochondria of
PC12 cells (Ma et al., 2009, 2010), we speculate the data obtained in our
study show that Genistein pretreatment considerably increases the
viability percentage of fibroblast cells obtained from DOA patients with a
mutation on OPA1l gene, and affect positively on other vital factors in
mitochondria. Further research is needed to clarify the relationship
between mitochondrial dysfunction and OPA1l mutations, and the
mechanism of Genistein to protect mitochondrial systems and functions.
However, pre-treatment with Genistein might reverse the damage of the
mitochondrial membrane and increase mitochondrial antioxidant
function. Further studies are needed to explore the exact signalling
pathway(s) by which Genistein protects mitochondria. Although using
fibroblast is recommended in researches because of its ease of
cultivation feature and mutation in all genes encode mitochondrial
proteins can be clearly expressed in these cells, but research might be
useful on other types of cell expressly on ganglion cells if it's possible. On
other hand experiments should be applied in a larger number of cells so

statistical results can be more valuable.
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Conclusions:

1-

TMEM126A have been identified as a gene encodes a
mitochondrial protein. However, No serious mutations in this
gene had identified in any of the 12 samples. Hence analytical
approaches must carried out to improve the long term prognosis

of patients whatever the gene involved.

Mutation in OPA1 obtained from mice model animal (OPA1+/-)
had no effect on the quantity or the quality of mtDNA. Defective
in mitochondrial gene can be reason to increases the possibility to

affect the stability of the mtDNA by the existence of ROS.

Pre-treatment with Genistein affect positively on vital factors in
mitochondria and considerably increases the viability percentage
of fibroblast cells obtained from DOA patients with a mutation on
OPA1 gene. In addition of an effect on mitochondrial network and

membrane potential.
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Perspective:

1-

To date, there is no preventative or curative treatment in DOA.
The ultimate goal is to translate these research advances into
clinical practice and new treatment strategies are currently being
investigated to improve the visual prognosis for patients with

mitochondrial optic neuropathies.

In experiments obtained to identify the mtDNA mutation load;
conditions and qualifications of the experiments must be modified
to achieve intelligible results. For example the age of the mice, the
type of cells are used to obtain the materials of study and the

technique itself.

Further studies are needed to explore the exact signalling

pathway(s) by which Genistein protects mitochondria.

Beside fibroblast; research might be useful on other types of cell

expressly on ganglion cells if it's possible.
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