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Abstract

Mutations in the a-synuclein encoding gene, SNCA, have been implicated in the
pathophysiology and progression of Parkinson’s disease, a neurodegenerative disorder
which results in motor and cognitive abnormalities in patients. Missense mutations,
duplications and triplications of the gene relate to the onset and advancement of the ailment,
but the role of a-synuclein protein in the pathogenesis is incompletely understood. Recent
investigation of the disease and its other associated proteins has driven interest in the role of
mitochondrial abnormalities in Parkinson’s disease. Through use of an ecdysone-inducible
expression system in the mammalian neuronal cell line, 1RB3AN,,, the detrimental effects of
mutant AS3T a-synuclein upon mitochondrial morphology has been established, which
corroborates the work of similar studies. Complementary immunocytochemistry and western
blot analyses allude to the time dependent increase in protein expression and the
corresponding fragmentation of mitochondria. Analysis of mitochondrial function using
Seahorse XF°24 technology proved inconclusive; further work is needed to confirm the
consequences of mutant A53T a-synuclein expression upon mitochondrial respiratory
capacity in this disease model.
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Introduction

Parkinson’s disease is a common neurological disorder, characterised by the
degeneration of the nigrostriatal dopaminergic pathway, which affects more than
100,000 individuals in the UK alone (Campenhausen et al, 2005). As the principle
neurotransmitter of the extrapyramidal system, dopamine plays a major role in the
regulation and control of motor nuclei and their associated pathways (Marieb and
Hoene, 2010). Deterioration of dopaminergic neurons in the substantia nigra results
in the clinically recognisable triad of Parkinson’s symptoms; rigidity, resting tremor
and bradykinesia (Siegel et al, 2006).

The aetiology of Parkinson’s disease is still unknown, although both genetic
and environmental factors have been implicated, it is thought to be a polygenic
disease with various causal interactions. Through research into cases of familial
Parkinson’s, multiple gene mutations have been identified, some of which have been
shown to adversely affect mitochondrial function (Klein and Westernberger, 2012).
Abnormalities of mitochondria have been pathogenically associated with Parkinson’s
disease since the discovery of human parkinsonism as a result of self-administered
1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine(MPTP)-contaminated synthetic
meperidine in 1982 (Langston et al, 1983). MPTP is a mitochondrial toxicant, the
oxidised form of which, MPP+, acts by inhibiting complex 1 of the mitochondrial
transport chain, thus impeding energy production which results in abnormal neuronal
function (Dauer and Przedborski. 2003).

Parkinson’s disease occurs in both sporadic and familial forms throughout the
population, and much work has been undertaken to identify genetic factors which
cause the disease or contribute to an individual's susceptibility. Whist fewer than
10% of cases are thought to be familial (Ibanez et al, 2009), research has provided
evidence of genetic factors which play a role in these cases and also in sporadic
Parkinson’s (Klein and Westernberger, 2012). Both autosomal dominant and
recessive genes have been identified to contribute to the pathology, and four in
particular have been widely investigated to elucidate their role; SNCA, PINK1, Parkin
and LRRK2. The SNCA gene encodes for a-synuclein protein, and its mechanistic
effects within Parkinson’s disease are not yet understood, however investigations of
the other genes has provided a clearer idea of how genetic and environmental
interactions may affect the disease and contribute towards its progression. Both
Parkin and LRRK2 genes play a role in major intracellular waste disposal systems;
Parkin in the ubiquitin-proteasome system, and LRRK2 in the autophagy-lysosome
pathway (Schnabel, 2010). When functional, they may offer protection against other
pathological contributors, through degradation and removal of proteins. Evidence
indicates that PINK1 directly recruits Parkin from the cytosol to mitochondria, where
it becomes metabolically active; their function in a common pathway infers that
defects in one will therefore affect the other, leading to the common pathology
(Stephanis, 2012; Schnabel, 2010).

The SNCA gene is of particular interest in Parkinson’s research (Klein and
Westernberger, 2012; Polymeropoulos et al, 1998) as a-synuclein protein is found in
both familial and sporadic cases of the disease (Stephanis, 2012). Whilst this
aggregated protein is a distinctive pathological hallmark in Parkinson’s patients, in
the form of Lewy bodies and Lewy neuritis which are found most often in the
substantia nigra, its role in the disease remains undetermined (Siegel et al, 2006).
Normal a-synuclein is usually found in synaptic vesicles and membranes, along
axons and terminals in a variety of neurons (Stephanis, 2012). SNCA is a gene of
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autosomal dominant inheritance and its mutated forms are often found in cases of
early onset Parkinson’s (<50 years age of onset)(Klein and Westernberger, 2012).
Several mutated forms of this gene have been linked to the diseases progression,
including the A53T missense mutation, which was first identified in a large Italian-
Greek family, the Contursi kindred (Recchia, 2004). In this abnormal form, a G209A
substitution occurs, which alters the amino acid sequence of the protein, causing a
conformational aberration which leads to intracellular aggregation of a-synuclein.

As mitochondrial abnormalities have been attributed to causing Parkinson-like
symptoms, exampled by the MPTP case, investigations have been undertaken to
determine whether the genetic mutations associated with Parkinson’s disease have
affects upon these organelles. Knott et al (2008) explain the importance of
mitochondria in enabling neurons to function; they are essential for energy
production, Ca** regulation, transport processes, and the release and reuptake of
neurotransmitters, such as dopamine, at synapses. Neurons have a high energy
demand, and require a healthy population of mitochondria to supply them with ATP,
as they are unable to switch to glycolysis if oxidative phosphorylation becomes
limited. Mitochondrial defects are observable in various common neurodegenerative
disorders; oxidative damage is an early event in Alzheimer’s disease and complex |
inhibition by MPTP induces parkinsonism (Nunomura et al, 2001; Betarbet et al,
2000; Fornai et al, 2005). The PINK1 gene, and its Parkinson’s disease associated
mutations, was of substantial importance in establishing a genetic link between
Parkinson’s disease and mitochondrial dysfunction; the identification of this genes
mutation in patients provided the first evidence of a direct link between Parkinson’s
disease and dysfunction of a mitochondrial protein (Valente et al, 2004).

Mitochondrial dynamics (see figure 1) play a critical role in maintaining a
healthy population of functioning mitochondria within cells, especially when exposed
to metabolic or environmental stresses. The term encompasses the organelles
fission and fusion abilities, as well as their movement processes which allow them to
supply energy to cellular extensions, such as axons and dendrites (Chen and Chan,
2009; Xie and Cheng, 2012). Through fusion, the effects of stress can be mitigated
by mixing the contents of partially damaged mitochondria to allow complementation
of the undamaged parts in the combined organelle. Fission is the opposite of this
process; it is required to divide mitochondria and to enable removal of those which
are severely damaged, providing a quality control mechanism within the cell (Youle
et al, 2012). Mitochondrial movement, fission and fusion are all controlled by proteins
which interact with the organelles; Mfnl, Mfn2 and OPA1 are involved in fusion, Drpl
and Fisl have been show to play roles in fission, and it is thought that secondary
roles of some fusion proteins facilitate mitochondrial movement throughout the cell
(Chan, 2006; Knott et al, 2008; Mecusen et al, 2006).

Recent studies have linked genetic mutations found in other forms of familial
Parkinson’s disease to mitochondrial damage within the pathology (Cui et al, 2010;
Knott et al, 2008; Sum et al, 2006; Valente et al, 2004; Wild and Dikic, 2010).
Mutations in the PTEN-induced putative kinase 1 (PINK1) gene have been
demonstrated to contribute to mitochondrial deficiencies and manipulation of
mitochondrial dynamics has been shown to alleviate these effects (Cui et al, 2012;
Sum et al, 2006; Valente, 2004). Valente et al (2004) performed an early
investigation into the effects of a PINK1 mutant (G309D) on mitochondrial function in
vitro, using monkey kidney COS-7 cells and SH-SY5Y neuroblastoma cells.
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Figure 1; A basic mitochondrial fission/fusion diagram. Fission is the process through
which new mitochondria are produced, and quality of the organelles may be checked, by
facilitating the removal of damage mitochondria from the cellular network for destruction

by mitophagy. Drpl and Fisl are two proteins involved in mitochondrial fission.
Mitochondrial fusion helps to mitigate the effects of mitochondrial damage as the
combination of two damaged organelles is thought to facilitate a compensatory effect,
allowing survival of the fused mitochondrion, Fusion of the inner and outer mitochondrial
membrane is controlled by Mfn1, Mfn2 and OPAL. (Knott et al, 2008)

Their study demonstrated that both mutant and wild type PINK1 localised to
the mitochondria, and found that under normal cellular conditions there was no
significant difference in the basal respiratory capacity of the cells. Following stress,
induced by treatment with MG-132, the PINK1 mutant cells displayed a significant
decrease in respiration from that of normal. In this study, a fluorescence-activated
cell sorting based assay was used to assess mitochondrial function. In a 2006 study
by Sum et al, PINK1’s neuroprotective properties were demonstrated; Using SH-
SY5Y neuroblastoma cells, a loss of mitochondrial membrane potential in PINK1
cells was shown when treated with neurotoxins, in comparison to normal SH-SY5Y
cells. Overexpression of PINK1 followed by the same treatment demonstrated its
protective effect as the loss of mitochondrial membrane potential was suppressed.
Introduction of Parkinson’s disease-associated PINK1 mutations G386A and G409P
in their model significantly reduced PINK1 kinase activity, providing some clues into
the mechanism by which PINKL1 is protective. The majority of PINK1 mutations affect
catalytically critical regions of the protein, which alters its function and abolishes its
neuro-protective effect. Cui et al (2010) demonstrate the effect of reduced
mitochondrial fission in vitro, through transfection of N27 dopaminergic neurons
expressing wild type or mutant PINK1 (L347P or W437X) with dominant negative
Drp1"®* or treatment with mitochondrial division inhibitor (mdivi-1). High
performance liquid chromatography measurement of ATP and morphological
assessment of treated and non-treated cells revealed that both Drp1%®** and mdivi-1
successfully attenuate the morphological and functional defects induced by PINK1
overexpression. This earlier study in the Tieu lab shares similarities with our current
project, so similar techniques will be utilised to elucidate the pathological effects of a-
synuclein in a cellular Parkinson’s disease model.

Current treatment of Parkinson’s disease involves the administration of
dopamine pre-cursors or agonists (Marieb and Hoene, 2010). Most commonly,
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Figure 2; Inducible overexpression of a-synuclein in rat dopaminergic N27 neuronal cells.
Stable cells containing a vector that constitutively expressed the ecdysone receptor
(VgECcR) and the retinoid X receptor (RXR) were generated. These cells were subsequently
stably transfected with a second vector that contains the ecdysone-responsive element
(E/GRE) and a multiple cloning site for the insertion of either human wild type a-synuclein,
mutant A53T a-synuclein or an empty vector. The VgEcR-retinoid X receptor heterodimer
binds to the E/GRE. In the presence of Ponasterone A, an ecdysone analogue inducer, the
co-repressors are released from VgECR, and co-activators are recruited resulting in gene
activation via the minimal heat shock promoter (mHSP). IRES, internal ribosomal entry site.

Levodopa (L-dopa) is given along with DOPA-decarboxylase inhibitors, which are
unable to permeate the blood brain barrier, thus specifying L-DOPA conversion into
dopamine to within the brain. This causes an increase in neural dopamine levels,
reducing the symptomatic presentation of the disorder (Grayson, 2010). Another
treatment method is the use of dopamine agonists, which imitate dopamine’s action
within the brain (Smith, 2010). Whilst both of these treatments, along with several
others, have proven effective at relieving the symptomatic presentation of
Parkinson’s disease, there are not yet any neuro-restorative or neuro-protective
treatments for the disorder. No therapeutic strategy has been devised to target the
mechanisms of Parkinson’s disease; medicine can merely slow its progression. If
science can further the understanding of what causes the pathophysiology of
Parkinson’s, it can be targeted to try and combat the cause of the disease, and
therefore work into the mechanisms is fundamentally important in furthering therapy
development.

The aim of this study was to characterise the toxicity of mutant a-synuclein
(Parkinson’s disease-linked A53T missense mutation) on mitochondrial morphology
and function in stably inducible dopaminergic N27 neuronal cells, using empty vector
transfected cells as a comparative control. Characterisation of this cell model will aid
future investigations, as well as demonstrating the mechanism of the disease, which
may help in the development of prospective therapeutic methods.

Materials and Methods

Generation and culture of stable and inducible a-synuclein cell line

The expression of wild type and mutant A53T a-synuclein in the dopaminergic
1RB3AN,; (N27) neuronal cells was accomplished using The Complete Control®
Inducible Mammalian Expression System (Stratagene, La Jolla, CA) as previously
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described in the Tieu lab (Cui et al, 2010)(see figure 2). Wild type and mutant A53T
a-synuclein, and empty vector control cells were cultured in selective media specific
for the transfected cells (RPMI medium containing 10% FBS, G418 [1:100] and
Hygromycin B [1:250]), prior to induction of protein expression with Ponasterone A
[1:100 dilution](Invitrogen™).

Assessment of mitochondrial morphology

Empty vector, wild type and A53T a-synuclein cells were grown on poly-L-lysine
coated coverslips in 24 well plates. Following overnight growth to allow cell
adjustment to growth on the coverslips, Ponasterone A [1:100 dilution](Invitrogen™)
was added to the media to induce protein expression. Multiple time points post-
induction were investigated for each cell line; 24 hours, 48 hours and 72 hours.
Control groups for a-synuclein wild type, A53T mutant and empty vector were grown
for the same time points without the presence of Ponasterone A in the media. After
the appropriate growth period, cells were fixed with 4% paraformaldehyde in media,
and immunocytochemistry performed. Mitochondria were labelled with polyclonal
rabbit Tom20 antibody (Santa Cruz Biotechnology Inc.) and a-synuclein with
monoclonal mouse antibody (BD Transduction Laboratories™). Coverslips were then
mounted with Prolong Gold Antifade Reagent with DAPI (Invitrogen) and images
captured using epifluorescence (Nikon 80i) and confocal microscopy.

Analysis of mitochondrial function

Empty vector and A53T a-synuclein cells were cultured in XF°24 micro-plates
(Seahorse Bioscience) for 48 hours prior to induction of protein expression with
Ponasterone A [1:100 dilution](Invitrogen™). Culture was continued for 24-48 hours
post-induction before analysis of cellular respiration using an XF°24 Extracellular
Flux Analyser (Seahorse Bioscience). Oligomycin, FCCP and a rotenone-antimycin
mixture were injected sequentially to determine the respiratory capacity, coupling
and non-mitochondrial function of the cells through measurement of their oxygen
consumption rate (OCR). Seahorse technology avoids the use of labels which may
modify cellular function to provide unaltered measurement of cellular respiratory
capacity. Variable buffers were tested to determine the most effective protocol for the
cell line used, in order to optimise the technique. The protocol used was adapted
from that used by Affourtit’'s lab to account for the differences in cellular demands
and growth protocols (C Affourtit and J Barlow, 2012, unpublished). Raw data from
these three experiments was converted into values of respiratory capacity, coupling
and non-mitochondrial respiration in Excel, and their significance analysed using a
two-way ANOVA.

Western blot analysis of protein expression

To complement immunocytochemistry data of protein effect upon mitochondria,
western blot analysis was used to compare the levels of protein expression between
wild type a-synuclein and empty vector cells with established controls at variable
time points. Cells cultured in T25 flasks with RPMI, 10% FBS, G418 (1:100 dilution)
and Hygromycin B (1:250) had protein expression induced by Ponasterone A [1:100
dilution](Invitrogen™) addition for 6, 24, 48 or 72 hours. After the allotted growth
period, cells were trypsinised, washed with PBS and centrifuged. Following removal
of the supernatant, the cell pellets were frozen at -80°C until samples for all of the
time points were obtained. Prior to western blot analysis of protein expression, a
BCA assay (Pierce™, Thermo Scientific) determined the levels of protein in each
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sample and these allowed calculation of the appropriate sample quantities to use in
order to equalise the samples. The final western blots were run using a 15%
resolving gel and a 4% stacking gel, with ten wells per gel. The protein ladder
(Kaleidoscope, Biorad) and a positive control of recombinant a-synuclein were run in
the first two wells, followed by the samples and further controls; a-synuclein
expressing human brain sample served as another positive control. Gels ran for 90
minutes at 80V and samples were transferred to nitrocellulose gel at 100V for 30
minutes. Following probing with a-synuclein and B-actin antibodies, the gel was
developed using ECL.

Results

Generation of stable cells with inducible expression of human wild type and
mutant a-synuclein

To facilitate characterisation of the role of a-synuclein in Parkinson’s disease,
stable cells lines with inducible expression of wild-type or dominant mutant A53T
a-synuclein and empty vector controls were created. A53T was selected as the
mutant form for investigation as it has been reported to have the greatest effect
upon mitochondrial function (Kamp et al, 2010). Expression of the wild type and
mutant A53T a-synuclein in the dopaminergic 1RB3AN»7 (N27) neuronal cells was
accomplished using The Complete Control® Inducible Mammalian Expression
System (Stratagene, La Jolla, CA), chosen as these rat mesencephalic
dopaminergic neuronal cells display tubular mitochondrial morphology, aiding the
identification of abnormal, fragmented mitochondria. Wild type a-synuclein was
used in investigation of morphology and time dependent protein expression,
however it was discounted from functional investigations of mitochondria as the
mutant form have previously been reported to produce the most profound
functional effects. The empty vector controls have been through the same
transfection process as the a-synuclein expressing cells, to account for any effects
which the process may have upon cellular function.

Induction of mutant A53T a-synuclein expression alters mitochondrial
morphology

The initial step in this investigation focused on determining what effect a-synuclein
expression had upon mitochondrial morphology. Using polyclonal TOM20 antibody
to label mitochondria, visualisation of the mitochondrial network within the cells
displayed long interconnected organelles in empty vector cells (Figure 3A); the
network extends throughout the length of the cell. These cells were also labelled with
monoclonal a-synuclein antibody to ensure that no expression of the protein
occurred. In mutant A53T a-synuclein-expressing cells, fragmentation of the
mitochondrial network is visible from 24 hours post-induction with Ponasterone A
(Figure 4). Un-induced A53T a-synuclein cells can be used as a comparison to
demonstrate the specificity of protein expression following induction of protein
expression, as no a-synuclein is detectable in these cells (Figure 3C). Induced
mutant cells display evidence of fragmentation of the mitochondrial network after 72
hours, apparent in cells with obvious a-synuclein expression and also in cells close
by (Figure 3D). In the empty vector controls, the mitochondrial networks remain
intact, in both the un-induced and induced groups, at all three investigated time
points. Clarification of whether mitochondrial fragmentation increases in the induced
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AS53T a-synuclein group as time progresses has not been quantified, however
gualitative observation would suggest that this is the case.

Expression of A53T mutant a-synuclein protein has no effect on cellular
respiratory capacity

Analysis of cellular oxygen consumption rate as an indication of cellular respiratory
capacity and mitochondrial function of the N27 cell lines using a Seahorse XF°® 24
analyser (Seahorse Bioscience) revealed no significant differences in the data from
multiple experiments at two different time points post-induction of protein expression
by Ponasterone A. When the data was analysed using a two way ANOVA (general

Figure 3; Epifluorescence images captured on a Nikon 80i. (A) Un-induced empty vector
cells after 48 hours coverslip growth; long tubular mitochondrial networks are visible
extending throughout the cells (B) Wild-type a-synuclein cells following 48 hour induction
with Ponasterone A display similar expression levels to the mutant A53T cells (C)
Uninduced A53T a-synuclein after 72 hours of growth; mitochondria display similar
morphology to that of the empty vector cells, with long extension throughout the cell
projections (D) Induced A53T a-synuclein cells 72 hours post-induction with Ponasterone A,
fragmentation of mitochondrial and formation of punctate morphology is evident
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Figure 4; A53T a-synuclein mutant N27 cells following 24 hours protein expression, induced by
Ponasterone A. This confocal image allows differentiation between the labels, and the beginnings
of mitochondrial fragmentation are visible in the TOM20-only panel. The high level of protein
expression is clear and each cell is individually identifiable.
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linear model) no significant variance is detectable in the respiratory capacity of the
cells between the two time points, 24 and 48 hours (p=0.659), between the cell lines
and treatment groups (p=0.080) or when all three factors are considered in relation
to each other (p=0.802). These results indicate no change in the respiratory capacity
of the cells in relation to expression of mutant a-synuclein protein, however the data
is derived from only three individual experiments, which limits the strength of any
conclusions; further work to clarify the accuracy of the results is required. Figure 5
displays the mean respiratory capacity from three comparable experiments; an
induced and non-induced group for both A53T a-synuclein mutant and empty vector
cells provided a total of four treatment conditions for comparison in each of the tests.
The differences in the respiratory capacity between the cell lines and treatments may
be attributable to variance between the growth rates of the cells between the wells.

Variance of wild type a-synuclein expression in a time course study

Detection and comparison of a-synuclein using western blotting demonstrated that
the level of protein increases the longer the cells are exposed to Ponasterone A in
the media (Figure 6). Comparison of the 6 hour and 72 hour post-induction time
points allows observation of a clear difference in protein levels. Alpha-synuclein is
only present in the induced samples and the two positive controls; recombinant a-
synuclein and human brain sample. B-actin is present in all of the samples, including
the empty vector control and un-transfected N27 cells, which indicates that the lack
of a-synuclein detected in these groups is due to a lack of expression, rather than as
a failure to transfer protein in the analysis. Western blot results have only been
generated for the wild-type a-synuclein samples, so further tests with mutant
samples are required for comparison to the functional investigation. The results of

3
st
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E m EV PonA-
= 2
g AS53T PonA -
>
- B EV PonA +

B AS3T PonA +

0 2 4 6 8
Respiratory Capacity

Figure 5; Comparison of the cellular respiratory capacity of two cell types, each with an
induced and non-induced group, at two time points over three experiments. (1,2) Cells
treated with Ponasterone A for 24 hours prior to measurements of their oxygen
consumption rate. (3) Cells treated with Ponasterone A for 48 hours prior to recording of
their oxygen consumption rate.
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Figure 6; Western blot film. Two negative and two positive controls were
compared against the levels of a-synuclein at the 6 hour and 72 hour post-
induction time points. No a-synuclein is detected in either of the negative control
groups, and strong signal is evident in the two positive controls. A clear difference
in a-synuclein is visible between the 6 hour and 72 hour time point, demonstrating
that the level of protein expression increases with time following induction with
Ponasterone A. [a-synuclein primary antibody — 1:1000 dilution, B-actin primary
antibody — 1:10,000 dilution, Mouse secondary antibody — 1:10,000 dilution]
Developed in ECL and exposed to nitrocellulose membrane for three minutes.

this blot are promising and thus an increase in A53T a-synuclein expression over
time is expected also.

Discussion

In this study, evidence of morphological changes in the mitochondrial network
induced by mutant A53T a-synuclein is demonstrated, the effectiveness of this cell
model is confirmed, as is its applicableness to multiple investigative methods. The
necessity to fully optimise protocols when working with these cells using new
techniques has been shown, and through further work it will be possible to extend
this investigation to accurately determine the functional consequences of mutant
protein expression. Once understanding of the proteins effects on mitochondria is
confirmed, progression of the study to include approaches to neutralise or inhibit the
effects of a-synuclein upon dopaminergic neuronal cells, providing a novel
therapeutic target, may be possible.

The immunocytochemistry and western blot results, whilst non-quantitative,
suggest experimental provision of evidence showing the detrimental effect which
mutant A53T a-synuclein has upon mitochondrial morphology, increasing the levels
of network fragmentation as time, and subsequently protein levels, increase. AS3T a-
synuclein expression leads to the fragmentation of normal long, tubular mitochondria
and the formation of small, punctate mitochondria. In a 2012 study, Gui et al
demonstrated how the induction of mitochondrial fragmentation is caused by a-
synuclein expression in mammalian cells, including neurons, which is concurrent
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with our findings. The western blot data demonstrates an increase a-synuclein levels
over time in the wild-type protein, but no data for the mutant protein has yet been
obtained. The higher inducibility of the A53T cell line allows it to be suggested that a
similar progression of protein accumulation would also occur in the mutant cells,
however this requires confirmation. As the immunocytochemistry examined the effect
of mutant A53T a-synuclein on the mitochondrial morphology of these dopaminergic
neuronal cells, to establish whether the increased fragmentation over time is due to
increased protein expression, western blots using mutant samples are required to
confirm that the fragmentation is time, and protein level, dependent. Evidence of
increased expression of mutant A53T a-synuclein over time could also be beneficial
in explaining functional analyses of mitochondrial function by tying these factors
together so that a causal link may be further explored.

Whilst the mechanism by which fragmentation of the mitochondrial network
occurs has not been tested in this study, recent publications have demonstrated the
ability of a-synuclein, both wild type and mutant forms, to translocate to the
mitochondria where interactions with the outer membrane or alteration of the
fission/fusion protein function may induce fragmentation (Kamp, 2010; Knott, 2008;
Shavali, 2008; Sulzer, 2010). Interaction of a-synuclein with the outer mitochondrial
membrane following specific translocation to that organelle is recurrent in the
literature (Knott, 2008; Shavali, 2008), and specific membrane proteins which are
highly expressed in mitochondrial membranes have been suggested as the target
which drives this specific protein localisation (Nakamura, 2011). It has been
proposed that a direct interaction between the protein and the mitochondrial
membranes contribute to the mechanism through which the fragmentation is
effected, in a Drpl-independent manner, as data suggested an absence of
relationship between fission proteins and a-synuclein (Nakamura, 2011), however
this is opposed by other work which ties fission/fusion protein interactions into the
fragmentation process (Gui et al, 2012).

Whilst no significance was recognised when considering the functional effects
of a-synuclein on mitochondria, the results should not be discounted as useless. It
may be that the data is unrepresentative, due to factors which were still being tested
when the results were obtained, such as the best buffer to use, or the most
appropriate oligomycin concentration, as the technique is new to these cells and
alteration of an established method was required to create an illustrative study of
mitochondrial function. As only two time points were considered, in three
experiments, when testing mitochondrial function it is possible that the protein had
not yet taken effect and repeating the experiment at a later time point could reveal
the functional effects of a-synuclein expression in our cell model. In some studies, no
change in mitochondrial function is detectable until the 48 hour time point, post-
induction/treatment with a-synuclein (Nakamura, 2011). Although functional
impairment of mitochondria has been shown in studies using both wild type and
mutant A53T a-synuclein (Devi, 2008; Kamp, 2010; Nakamura, 2011) others report
differing findings; Orth et al (2003), Shavali et al (2008) and Wu et al (2009) all
detected no direct influence of a-synuclein expression upon mitochondrial function,
but detailed that the protein may still play a role in susceptibility to mitochondrial
damage by enhancing the effect of known toxicants, such as MPTP and rotenone, to
produce toxic effects at sub-toxic levels. Dauer et al (2002) produced similar results,
establishing in an animal model that absence of a-synuclein provided resistance
against the parkinsonian neurotoxin MPTP. The true effects of a-synuclein
expression upon the functional capacity of mitochondria remains to be fully
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corroborated, though it seems clear from our study, as well as in others, that any
modifications of mitochondrial function occur after morphological changes have been
induced (Nakamura, 2011). This may be due to functional complementation, in which
the remaining healthy mitochondria within the cells may increase their activity to
combat the loss of function in damaged organelles, which could delay the
observation of respiratory dysfunction. Many studies link a-synuclein to mitochondrial
complex 1 interactions and inhibition (Chinta et al, 2010; Devi et al, 2008; Loeb et al,
2010) so perhaps more specific investigation of how the protein affects mitochondria
would also be of value.

In summary, this study successfully established the effect of AS3T mutant a-
synuclein on the mitochondrial morphology of inducible dopaminergic neuronal cells,
however further work is required to ascertain the role of this protein in alteration of
cellular respiration and mitochondrial function. Additional work to optimise the
method used for measuring mitochondrial function will benefit future investigation
and provide more reliable results. Understanding of the mechanistic effects of a-
synuclein protein may lead on to targeting of these mechanisms in order to combat
the progression and presentation of Parkinson’s disease.
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