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Investigating the impact of alterations in ³

pathologies, including Parkinson’s disease (PD) which i

unknown, but have been linked to the aggregation of ³
racellular inclusions, known as Lewy bodies, in PD brains. A relationship between ³

and models of ³ ³
mechanisms is not well understood. Recent research has shown that ³

pathological ³
this could occur through ³ function. Since ³

an ³ observe that physiological ³

association between endogenous ³ suggest that ³

chaperone. This provides novel insight into ³ synuclein’s physiological function in the context of mito
lso investigated the impact of pathological ³ found that ³

consider that physiological ³

Overexpression of ³
vesicles (MDVs) at steady state, suggesting that excess ³

suggest that upregulation of these responses may occur due to an ³
increase in oxidative stress. Together, these data indicate that pathological ³
lack of physiological ³

Since ³ synuclein’s pathological impact primarily occurs in dopaminergic neurons of the SNpc, it would 
be important to further investigate interactions between ³



perturbations in ³
³

neuronal markers. Interestingly, ³

of physiological ³ synuclein activity. This provides insight into ³ synuclein’s role in neuronal 
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Definitions and Abbreviations

A´

Alzheimer’s disease



4’, 6

Dulbecco’s modified eagle medium

Dulbecco’s phosphate buffered saline



GSK3´ glycogen synthase kinase 3´

Huntington’s disease





•

Parkinson’s disease



³

³



ΔΨm



 Introduction

be modulated based on both nutrient input and the cell’s metabolic requirements, which are 

<powerhouse = of the cell which are essential for the production of energy in almost all 

cell death in neurodegenerative diseases such as Alzheimer’s disease (AD) and Parkinson’s



 

 

ndrial membrane potential (ΔΨm) across the IMM through oxidative phosphorylation 





 

 

 





 

aconitase to isocitrate. Isocitrate is then decarboxylated to form ³

Another decarboxylation step occurs by ³





 

across the IMM that generates ΔΨm with a voltage of approxim



 



 



 

synthesis of ATP is tuned to the cell’s energetic requirements 

 

meaning the selectivity of the IMM is lost and thus the ΔΨm 



 

´

 





 



 

 

ΔΨm
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(Ježek & Hlavatá, 2005; Mailloux, 2018)

 

 





 

 



 

ΔΨm, disrupting OXPHOS and triggering 



 

physiological conditions, but accumulates on the OMM in response to loss of ΔΨm 

. PINK1 can then phosphorylate the serine 65 residue of Parkin’s Ub

. Parkin’s activity can be 

further enhanced by binding pUb S65, which increases the phosphorylation of Parkin’s Ub



 

ΔΨm). At steady state (a), PINK1 is recruited to mitochondria. It enters through the TOM 

arkin’s E3 ubiquitin ligase activity. Parkin facilitates the formation 



 

 

Mitochondrial dynamics are also impacted by HIV, since the virus’ envelope protein has 

ΔΨm, making them prone 



(A´), can disrupt mitochondrial transport which may impact mito

. Further, A´ can be mitochondrially i

that exacerbates A´ pathology, leading to toxicity and cell death 

 QC in Parkinson’s disease



Interactions between ³



Interactions between ³





: Mitochondrial and endolysosomal genes linked to Parkinson’s disease

Glucosylceramidase ´





 α

are in the SNCA gene which codes for ³

. This ³

function of ³

pathology, with ³

function of physiological ³

. The structure of ³

 

 

³

terminal ³

. ³

modifications (PTMs) that regulate ³

required for ³



 

AA ³ AA ´

AA µ . Though only ³

PD, there is some structural and functional homology between the proteins. ´

most similar to ³

closely resembles that of ³

terminus is also much less flexible in ´

rigid structure. Accordingly, ´

. µ synuclein has 60% similarity with ³

: Schematic showing protein domains and structure of α

α

Parkinson’s disease occur in the N



of ³ synuclein, but it does not have ³ synuclein’s high aggregation propensity. While µ

 Aggregation of α

Pathology of ³

primarily contain ³

. Physiologically, ³

bound ³

³

´ sheets. Multiple ´

most toxic structural ³

: Schematic showing protein domains of α β γ

The synuclein family comprises α β γ

the most variable. α β



formation of these large ³

´

: Schematic showing aggregation of α

α synuclein primarily exists as a disordered monomer, which can bind other α

Fibrillar α



 Physiological function of α

As mentioned, ³

. Investigations into the membrane binding capability of ³

preferences enable ³

 

, the primary function of ³

facilitate membrane fusion between synaptic vesicles and the plasma membrane, so ³

synuclein is important for both vesicle docking and exocytosis. In addition, ³

 

³

. It has been shown that ³

Alterations in ³

confirming the ability of ³

 

Another important function performed by ³

homeostasis. Firstly, ³



synaptic terminals, ³

. Further to this, ³

. Together, this highlights the importance of ³ synuclein’s 

 

In addition to its role in mature neurons, ³

are still unknown. Though ³

. Interestingly, localisation of ³

indicates a developmental role, suggesting that ³

One hypothesis is that through its activity as a molecular chaperone, ³

 Pathological α

. These primarily contain ³

found that under physiological conditions, only 4% of monomeric ³

approximately 90% of ³

³

. Despite suggestions that this PTM may increase ³ synuclein’s aggregation 



how it impacts ³

Though LBs contain mostly fibrillar ³

confer toxicity, with one suggestion being that unlike ³

by ³

. Membrane binding has also been shown to induce aggregation of ³

Interestingly, this has recently been shown to occur at mitochondria, where binding of ³



 Mitochondria and α

The ability of ³

improved our understanding of ³ synuclein’s relationship with mitochondria, p

 α

Firstly, the proposed hypothesis of a pathological interaction between ³

mitochondria was supported by investigations in the PD brain, where ³

was coupled to a dramatic increase in ³

. Further investigation revealed that in human dopaminergic neurons, ³

The selective localisation of ³

terminus of ³

. The existence of this signal alluded to a potential physiological relationship between ³

synuclein and mitochondria. Supporting this suggestion, ³

Mouse models lacking ³

synthase, confirming ³

 α

To facilitate its mitochondrial internalisation, ³

traverse the OMM. Mitochondrial import of ³

ted ³

. Other studies have shown that ³

. Interestingly, import of ³

ΔΨm and was blocked upon inhibition of ATP synthase in a mammalian cell model, 

aggregatory proteins such as ³



purpose for mitochondrial import of ³

However, interactions between ³

been shown in the context of ³

. Pathologically, ³

 α

As mentioned, several studies have shown an enrichment of ³

. Several studies have shown that ³

synuclein’s affinity for unsaturated lipids leads it to preferentially bind mitochondrial membrane 

domains that contain CL, which in turn can facilitate the assembly of ³

³

internalisation of ³

This could be related to the formation of oligomeric species, since evidence for ³ synuclein’s 

monomeric ³

aggregation potential of ³ synuclein increases with protein concentration, high levels of ³



 QC & α

Despite the direct interactions between ³

. Monomeric ³

synuclein’s affinity for mitochondria alongside its ability to bind and remodel phospholipid 

not assessed whether ³

QC could represent a key mechanism behind ³

death could be an ³

this have found that pathological ³

 α

 

Pathological ³

length ³

demonstrating that the response was independent of ³ synuclein’s propensity to aggregate 

resulting from the ³

mitochondrial fission machinery, Drp1, in the context of ³

a complete rescue of mitochondrial morphology, suggesting that ³



this is that pathological ³

observed in response to ³

. These data suggest a functional relationship between ³

in autophagy, apoptosis and cytoskeletal remodelling, so ³

Interestingly, this contradicts previous work which indicated that ³

transient overexpression of ³

³

abolished with overexpression of the A30P mutant of ³

. Intermediate oligomeric ³

supporting ³ synuclein’s potential as a direct modulator of membrane dynamics 

. Fragmentation was not observed with ³

³ function study showed that ³

function of ³

. Though there is a consensus that ³

mechanisms that drive this. One consideration is that ³

 

Conversely, several studies report an enlargement in mitochondria in models of ³

. In a human ³



manipulation of actin, supporting the case for an association between ³

³

. Specifically, pathogenic ³

A summary of the proposed associations between ³



: Schematic showing proposed interactions between α

α synuclein influences mitochondrial transport and fission. Alterations in α

ed (indicated in grey). Oligomeric α

cross linker spectrin. In addition, α



 α

 

be directly impacted by ³

neuronal model, addition of exogenous ³

ΔΨm, decreased ATP production and increased 

rescued by Parkin overexpression, suggesting that an ³

indicated that exogenous ³

mechanism by which pathogenic ³

damaging feedback loop that exacerbates mitochondrial damage due to loss of Parkin’s 

(Ję[ko et al., 2019)

mitochondrial morphology and function following ³

unclear whether this is through a direct association with ³

(Ję[ko et al., 2019; Kamp et 

has been suggested between PINK1/Parkin activity and ³

was able to rescue ³

. This association between PINK1/Parkin and ³

of ³

shown to form a complex with ³

potentially providing a protective mechanism against ³



 

³

overexpressing ³

. ³

following depolarisation, indicating that ³

. Miro stabilisation as a result of ³

studies have looked at pathological ³

n Miro and endogenous ³

 

Pathogenic overexpression of ³

protective role for the small GTPase, Rab1, against ³

this, knockdown of Rab1a mirrored an ³

autophagosome formation, since ³



type ³

terminus of ³

 

Several studies have also indicated that excess ³

. Given ³ synuclein’s role in the assembly of SNARE complexes at the 

of ³ expression of SNAP29 and ³

pathogenic ³

. Since autophagy is essential for the removal of aggregatory proteins such as ³

impact of ³

function of ³

A summary of the proposed associations between ³



: Schematic showing proposed interactions between α

α α

α α

α

α

α



α

α

α



 

Though ³

shown that pathological ³

QC pathways, the direct impact of ³

to delineate this relationship between ³

function of ³

to address this by assessing the impacts of perturbations in ³

QC, and assess the impact of manipulating ³

AIM 1: Investigate the role of endogenous α

 Develop a model of ³

 Utilise the ³ function model to assess whether ³

 Utilise the ³ function model to assess whether ³

pathological α

 function models of ³

 type and A53T ³

 type and A53T ³

Develop a neuronal model and investigate the impact of alterations in α

 

 Investigate the impact of ³

 Investigate the impact of ³
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™

™

™

™

™

™

™

 

 

SY5Y cells were maintained in Dulbecco’s modified eagle medium (DMEM)/Nutrient Mixture 

™

™ ™

™





Dulbecco’s phosphate buffered saline (DPBS) (Gibco™

™











 



1μM

™

 

 

serum media referred to as <Differentiation Media 1=. This 

μ

 





™ ™



 

as <Differentiation Media 2=. This media consisted of DMEM/F12 with 2mM GlutaMAX, 

μ μ

™

 

5μl of 

transfection reagent (ratio of 5:1 PEI to DNA) and 100μl OptiMEM 

™

plasmid DNA (1μg for transient transfection; as described in 

 

³

³

http://n2t.net/addgene:40822
http://n2t.net/addgene:40823
http://n2t.net/addgene:19319


 

³

α

α α

α

α

α





μ ™

0.5μ ™ μ

™

α

 

™

™

with 1X loading dye and loaded on the gel alongside 5μl 1kb 

™

α

α α

α



™

³

³

 

³

α

Cut site (5’ 3’)

2μg of DNA to be digested was mixed with 1μl of each restriction enzyme (NheI and BstBI) and 

3μ ™ μ

dephosphorylated by incubating with 1μl FastAP enzyme and 3μl FastAP buffer 

™



 

™ ™

™

42ºC. Bacteria were incubated and shaken in 400μl SOC 

μ ™ μ



™ ™

 

made up to 10μl with nuclease free water. 10μl of Quick Ligation buffer and 0.5μl 

temperature for 10 minutes. 2μl of ligation product was added to 30μl of competent Stbl3 cells 

³ ³

³ ³

 

³

1μg of DNA from the 

³

forward for experiments. Glycerol stocks of positive constructs were made with 500μl of 

μ ™



 

CRISPR/Cas9 gene editing was used to selectively inactivate the human gene encoding ³

synuclein (SNCA) to create an ³n ³

: gRNA sequences used to target the SNCA gene (5’ 3’)

http://n2t.net/addgene:52961


 

with perturbations in ³



 

μM

μM

μM

³ ³

³ ³

http://n2t.net/addgene:12260
http://n2t.net/addgene:12259


™

transfection, viral supernatant was removed and put through a 0.45μM 

 

5μg/ml 

1.5μ ™

 

 

 

™ ™

standards were at the following concentrations: 0μg/ml (control), 25μg/ml, 125μg/ml, 250μg/ml, 

500μg/ml, 750μg/ml, 1000μg/ml, 1500μg/ml, and 2000μg/ml. 200μl of BCA working reagent was 



 

(Abcam, ab110170). Cells were washed gently with cold 1X PBS before 500μl 1X PBS was added 

as the cytosolic fraction. The pellet was resuspended in 500μl reagent C as the mitochondrial 

 

 



 

™ ™ ™

™

™

³

™

μ ™

 

3



100μl in the following conditions: 1) glucose media; 2) glucose media with 10μM oligomycin; 3) 

galactose media; 4) galactose media with 10μM oligomycin.

™

For the ATP assay plate, media was removed and 100μl ATP detection reagent from the kit was 

removed and cells were washed with cold PBS. 25μl of RIP

experimental well and 25μl of each BSA standard from the BCA Assay kit was added to the plate 

total protein (RLU/μg).

 



1.5μM oligomycin, 2μM CCCP, 0.5μM antimycin A/rotenone. The plate was then inserted into 

concentration for each experimental well to give OCR normalised to total protein (OCR/μg). 

 

 

 



 

³ ³ ³

³

 ΔΨ

™

ΔΨ

™

™

™

ΔΨ

imaged. 10μM CCCP was added to induce depolarisation of the mitochondrial membrane, and 



 

 

 α

³ ³

GFP images were first adjusted using <brightness/contrast= before the number of GFP

³



b 

a 

α

α

leave only punctate staining. GFP images were adjusted manually with the <brightness/contrast= tool 



 

4’, 6

a) 

b) 



 

 

the <subtract background= command was used with a rolling ball to remove uneven background 

and then the <sigma filter plus= plugin was then used to smooth the image. The <enhance local 

contrast (CLAHE)= plugin was used alongside the <gamma= correction function to adjust 

brightness and contrast. Thresholding was achieved with the <adaptive threshold= plugin which 

<despeckle= and <remove outliers= commands. Examples of image outputs at each 



a b 

c d 

e 



 

³ ³

selected using the <freehand selections= tool and saved as individual regions of interest (ROIs) 

to create a mask. This mask was used with the <image calculator= tool to subtract the staining 



 

step analysis workflow was carried out. Firstly, the <analyse particles= 

). Then, the <skeletonise 2D/3D= plugin was used to generate a skeletonised image for 

). The <analyse skeleton= function was used to measure 



a b 

e d 

c 

f 

manually drawn around with the <freeform selections= tool (b). By filling these ROIs, creating masks 

cell, ready for analysis (c). This image was directly assessed using <analyse 

particles= (d) to generate morphology measurements for each individual staining feature. The image 

was then processed with <skeletonise 2D/3D= (e) and <analyse skeleton= (f) was 

e) 



 

 

processed using the <subtract background= command with a rolling ball size of 5, and the <auto 

threshold= function



 

³ ³

the <freehand selection= tool, with each saved as an individual ROI. 

). The <freehand selection= tool was 

 

To measure LAMP1+ puncta, the <analyse particles= command was used directly on this 

<image calculator= function was used to create a composite from the binary LAMP1 and TOM20 

LAMP1 <and= the TOM20 images ( ). The <analyse particles= command was then used 



a 

b 

c 

d e 

c 

b 

e 



 

 

). The pUb S65 image was processed using the <subtract background= command with a 

rolling ball size of 5, and the <auto threshold= function (

identification of individual cells (a). These were selected manually using the <freehand selection= tool 

LAMP1 staining was directly measured using <analyse particles=, generating readouts of total LAMP1 

cell (d). Using <image calculator=, composite images were created to show pixels 

number and area of colocalised puncta were measured using <analyse particles=.  







 

 

<image calculator= 



<and= CytC images. The <analyse particles= command was then used to generate readouts of 

identification of individual cells (a). These were selected manually using the <freehand selection= tool 

cell through the creation of masks, leaving behind images only containing one cell (c). Using <image 

calculator=, composite images were created to show pixels that were positively stained in both pUb 

number and area of colocalised puncta were measured using <analyse particles=.  

b c 

a 



 

ΔΨ

3

 

). The <multiply= function was applied to enhance the 



difference between positive and negative signal followed by <3D sharpen= to enhance border 

definition and <3D Gaussian blur= to reduce noise (

compressed into a single 2D image using the <Z projection= function with <sum slices= to add 

detected using <find edges=. The <threshold= command was then used to create a binary outline 

image of all stained areas, using a <Huang dark autothreshold=. These outlines were filled and 



 

stack was compressed into a single 2D image using the <Z projection= 

function with <sum slices= (

from this using <image calculator=, generating an image showing only positive signal within 

image using the <freehand selection= tool and saved as individual ROIs (

o a 2D image using <sum slices=. In the 

a 

b 



a 

b 

c 



 

was used with the <image calculator= tool to 

254 and 255. The <fill= tool was used to infill pixels outside the ROI with a maximum 

254. The <analyse histogram= function was then used to generate a readout of the 

 

images using <sum slices= (a), and the mitochondrial mask was then subtracted to leave an image 

mask (b). The <freehand selection= tool was then used to manually draw around individual cells, with 



 

ΔΨ

intensities were quantified in the same cells before and after the addition of 10μM CCCP. 15 

one cell, ready for analysis. The <fill= tool 

<analyse histogram= and the values from this were inputted into excel for further analysis.



 

 

allow identification of individual cells. The <multi point= tool was then used to label individual 

opened with the <NeuronJ= plugin which enables precise tracing of neurite paths. The <add 

tracings= command was used to select individual neurites to be measured. 

tracing point was placed at the end of the neurite. The <measure tracings= command was used 



a 

b 

a 

b 

merged and the <multi point= tool was used to select individual B

To measure the length of the primary neurite, the <NeuronJ= plugin was used to trace the 

positive neurite in each cell. The <measure tracings= command was used to 



 

<subtract background= command was used with a rolling ball size of 50 to remove uneven 

background and then the <auto threshold= command was used since DAPI stain

individual differentiated cells were selected using the <freeform selection= tool, with each being 

mask. This mask was used with the <image calculator= tool to subtract the staining within ROIs 

l. The <analyse particles= command was used on these images 



The <freeform selection= tool was used manually draw around nuclei and each was saved as an ROI. 

directly assessed using <analyse particles= to generate morphology measurements of area and 



 



 

the software. Tukey’s test was used to compare every mean was with every other mean. ’s 



 Investigating the role of endogenous α-

synuclein in mitochondrial health and quality 

control

 

The majority of literature on ³

function: pathological ³

function of endogenous ³

addressed this, with a lack of ³

. However, current investigations have not explored whether ³

Physiological ³

synaptic terminals, ³

localising and operating at synapses, ³

Interestingly, ³

. In addition to binding the OMM, ³

interaction between ³

³

with phospholipid membranes; ³ synuclein’s ability to remodel these structures enables 

. Alongside its ability to bind mitochondria, the capacity of ³



. As such, mitochondrial ³

aimed to test the hypothesis that ³

mitochondrial function and quality control, and that loss of physiological ³

investigate the role of endogenous ³

To examine the impact of ³ used CRISPR/Cas9 to generate an ³

 Develop a model of ³

 ³ model to assess whether ³

 Utilise the ³ function model to assess ³ synuclein’s physiological role 



 

 SY5Y cells express endogenous α

SY5Y cells express endogenous ³

candidate for creating an ³

first aimed to characterise endogenous ³

A Western blot was performed to confirm the expression of ³

cells. The cells expressed endogenous ³



 Mitochondrial damage triggers degradation of endogenous α

Limited research has explored the relationship between endogenous ³

Accordingly, the impact of mitochondrial damage on physiological ³

SY5Y cells expressed a detectable level of ³

direct changes to ³

To examine this, a Western blot was performed to assess any changes in the expression of ³

SY5Y cells express endogenous α

antibodies against α



times were chosen to capture changes in ³

Treatment of cells with A/O was shown to decrease expression of endogenous ³

). Longer treatment times resulted in lower ³

levels, with cells treated for 24 hours expressing significantly less ³

³

a) 

b) 



endogenous ³

translationally modified forms of ³

suggested to be of particular importance in ³

. One example of such a modification is pS129 ³

. Due to this observation, investigations into pS129 ³

pS129 ³ synuclein, with a recent paper finding that pS129 ³ synuclein even correlated with ³

occurrence of endogenous p129 ³

SY5Y cells, pS129 ³

not observed by Western blot, implying that ³

mitochondrial damage, pS129 ³

observations imply that pS129 ³

not seen to be upregulated in response to mitochondrial damage or associated with ³

: α

 

against α

 From Western blot data, α

actin expression to account for differences in protein loading. α

’s multiple co



a) 

b) 

S129 α

S129 α

S129 α

S129 α



The observation that endogenous ³

Research in rat neuronal cultures has suggested that endogenous ³

. In the same study, human ³

type ³

endogenous ³

thways could rescue ³

examine whether endogenous ³

inhibition rescued the reduction of ³ a decrease in ³

). The lack of a clear stepwise reduction in ³

induced ³



a) 

b) 

induced reduction in α

Western blot with antibodies against α

α

differences in protein loading. α

way ANOVA with Tukey’s multiple comparisons 



To assess whether endogenous ³

autophagy still resulted in a reduction in ³

). However, at the longer treatment time of 24 hours, ³

³



a) 

b) 

reduction in α

processed by Western blot with antibodies against α

α

differences in protein loading. α

way ANOVA with Tukey’s multiple comparison



 Endogenous α

induced ³

hypothesised that ³

through the mitophagy pathway. To investigate whether ³

3

as vinculin and ³

). In terms of ³

the untreated and A/O treated cells. Aside from this, the only ³

vel. No endogenous ³

 

 

 



 

 Development and validation of an α

To investigate physiological roles of ³

used to generate an ³

sequences to target a gene; in this case, the ³

3

<knocked out= 

Alongside the ³

gRNA sequences. This cell line was termed <EV= for <empty vector= and was used as a control 

that ³

observed to be 100% knockout, they are referred to as <SNCA KO=. 

 

 

 

: Endogenous α

against α

mitochondria: vinculin (cytoplasm), calnexin (ER), α



 

 

 

 

 

 

 

 

 

a) 

b) 

: α

Lysates were processed by Western blot with antibodies against α

Expression of α

loading. Raw values of this calculation are plotted as relative α



Generation of SNCA KO cells also enabled the specificity of antibodies against endogenous ³

companies. After confirming ³

w endogenous ³

between the presence or absence of ³

AP antibody in EV cells, endogenous ³



a) 

b) 



: LB509 and 211 mouse monoclonal antibodies are not selective for endogenous α

fixed and immunostained with antibodies against α

immunofluorescence microscopy on a 100X objective. Scale bar = 20μm. Figure shows representativ

AP rabbit polyclonal antibody is selective for endogenous α

α

microscopy on a 100X objective. Scale bar = 20μm. Figure shows representative images (



 Lack of α

whether ³

Interestingly, ³

evidence that oligomeric ³

research has found that monomeric ³

. Further, this study found that lack of ³

synuclein reduced ATP levels, proposing a potential physiological function for ³



repeats and suggests that ³
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: Cells lacking α

per μg of protein. Graphs show within

ídák’s multiple comparisons test. Significant 
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: Cells lacking α

 

by RLU per μg 

ídák’s multiple comparisons test. Significance was found between 

 

differences in mitochondrial load and an antibody against α

SNCA KO cells used for the assay had no α



: Cells lacking α





a) 

e) 

c) 

b) 

f) 

d) 



ΔΨm

ΔΨm

ΔΨm

ΔΨm

ΔΨm

whether it was impacted by a lack of ³

ΔΨm

ΔΨm at baseline in living cells, indicating that ³

ΔΨm

: Lack of α



a) 

b) 



 Lack of α

³

next aimed to investigate whether a lack of ³

. A physiological role for ³

: Lack of α ΔΨm

 ΔΨm

 



lines, confirming that there is limited impact of ³



a) 



b) 



: Loss of α

objective. Scale bar = 20μm. 

a) 

c) 

b) 

d) 

e) 



: Lack of α

ídák’s multiple comparisons test, which 

a) 

c) 

b) 

d) 



 α

Since a lack of ³

next aimed to evaluate whether ³

³

terminus of ³

functionality to the relationship between ³

interaction and thus a potential physiological function for ³

in the context of mitochondrial membranes, despite evidence that ³

The ability of ³

consider the possibility that ³

: Lack of α

ídák’s multiple comparisons test, which 



³ synuclein. Additionally, evidence has shown that pathological forms of ³

of a physiological function of ³

To address the question of whether ³

treatment, showing that ³

that PINK1 stabilisation is unaffected by loss of ³

proteins may be increased by ³



a) 

c) 

b) 

d) 



Although cells lacking ³

clearance, the observation that loss of ³

Mfn2 in response to mitochondrial damage raised questions about the relationship between ³

in the context of endogenous ³

functional interaction between ³ (Ję[ko et al., 2019; Madsen et al., 2021; 

. It has been shown that exogenous ³

. This suggestion that pathological ³

³

o impact of ³

: Loss of α

actin as a loading control and α

ídák’s multiple comparisons 



a) 

 
b) 



After observing that ³

explored whether ³

serine 65 residue to activate Parkin’s E3 ubiquitin

points, showing that loss of ³

lower in SNCA KO cells than EV controls after 24 hours of A/O, suggesting that lack of ³

: Loss of α

 

Parkin, GAPDH as a protein loading control and α

b) 

ídák’s multiple comparisons test. In untreated cells, the difference in Parkin expression 

 



a) 
pUb S65 Nuclei / pUb S65 / CytC CytC 



 

b) 

pUb S65 Nuclei / pUb S65 / CytC CytC 



 

: Loss of α

rs = 20μm. 

: Loss of α

way ANOVA with Sídák’s multiple comparisons test for differences between cell lines 
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b) a)  



 Lack of α

We have shown that ³

investigated whether ³

requires membrane remodelling, there is potential for ³

rather the focus has been on the impact of pathological ³

impact of ³



a) 

b) 



To investigate whether the impact of ³

: Loss of α

 

GAPDH as a protein loading control and α

 

ídák’s multiple 



a) 

b) 



 

antibody against LC3, GAPDH as a loading control and α

 

ídák’s 



next evaluated whether a lack of ³

. Interestingly, ³

. As such, it is possible there may be a role for ³

this was not seen in SNCA KO cells, suggesting that suggesting that lack of ³



a) 

b) 



: Lack of α

immunofluorescence microscopy with a 100X objective. Scale bars = 20μm.  

a) 

c) 

b) 



). This implies that ³

: Lack of α

ídák’s multiple comparisons test reported no significant differences.



a) b) 

: Loss of α

ídák’s multiple comparisons test reported no 



 Lack of α

have thoroughly investigated the impact of ³

Since ³

feasibly impact the formation of MDVs. With a role for ³

MDVs. Shown to act as a sensor of membrane curvature, ³

ill for ³

stimulus was used to assess whether ³

evidence has shown the ability of ³

). This suggests that loss of ³



a) 

b) 



c) 

d) 



 

: Cells lacking α

–

–

widefield immunofluorescence microscopy on a 100X objective. Scale bars = 20μm. 



a) b) 

: Lack of α

ídák’s multiple comparisons test. There was a significant increase in TOM20+ 



 

aimed to investigate the role of ³

hypothesis that ³

Therefore, defining potential physiological roles for ³

indicate that loss of ³

cells characterised the impact of mitochondrial damage on ³

mitochondrial damage was shown to trigger a decrease in ³

induced ³

support of previous work showing degradation of endogenous ³

considered whether ³

these conditions. Localisation of ³

pathological context, where oxidative stress is high and ³

sought to assess whether this may occur when ³

not show any evidence of association between ³

mitochondrial localisation of ³

consider that ³

. Though research has described that ROS can promote aggregation of ³

unlikely that endogenous ³



that suggests ³

protecting the cellular environment. Oxidation of ³

making ³

the impact of ³

ΔΨm

unaffected by the loss of endogenous ³

ΔΨm

were unexpected, since they contradict a previous study that defined a role for physiological ³

that mitochondria in cells from ³

rescued by the addition of exogenous ³

they also reported that loss of other synuclein isoforms, ´ and µ

. The structure of ´

is highly homologous to ³

. Along with the fact that ³ and ´

. In support of this, ´

shown to interact with and modulate synaptic vesicles in a similar way to physiological ³

model developed in this study may have adapted to a lack of ³

established that loss of ³

the mitochondrial network. Given ³ synuclein’s other cellular functions related to membrane 

model, ³



therefore suggest that ³

. Though ³

murine models which showed that ³

but as yet this is the only other study that has investigated the impact of ³

function from pathological ³

function of pathological ³

discovered that ³

model, ³

potential regulatory relationship may exist between ³

previous literature, with earlier work showing that exogenous ³

both pathological ³

suggest that though the relationship between Parkin and ³

required for Parkin function, modulation of Parkin expression by ³

revealed that ³

phenotypes. Measurement of LC3 lipidation demonstrated that cells lacking ³



that lack of ³

A potential mechanism behind this effect could be that ³

Interestingly, ³

. Under pathological conditions, ³

TFEB have been shown to have a direct relationship, with ³

. As such, it is possible that ³



. Physiological functions of ³

and since ³

found that ³

α

similar role in modulating TFEB. When α



vesicles. Since ³ synuclein’s role in vesicle release is facilitated by its preferential binding of 

prompt ³

. Though ³

the potential physiological roles of ³

established that a lack of ³

ΔΨm, suggesting that the physiological function of ³

found that loss of ³

that ³

esponse to stress were not impacted by ³

induced whole mitochondrial clearance was unaffected by a loss of ³

for ³

lish whether ³



 Investigating the impact of pathological α-

synuclein overexpression on mitochondrial 

health and quality control

 

characterised aspect of PD pathology is the aggregation of ³

. Though the precise mechanisms of ³

between ³

Aggregated ³

mitochondrial interactions have a direct impact on organelle function, with pathological ³

to assess the relationship between ³

Links have been made between pathological ³

accumulation of ³

mechanisms have been suggested for these phenotypes, including interactions between ³



suggestions, there is no consensus on the mechanisms behind ³ synuclein’s ability to disrupt 

mitophagy. Even less is known about the impact of pathogenic ³

Mutant forms of ³

terminus of ³

. Interestingly, ³

. Further, recent research has shown that ³

. Alongside this, functional studies have shown that overexpression of A53T ³

investigated and compared the impact of both WT and A53T ³

aimed to test the hypothesis that overexpression of ³

³

³

the impact of ³

 function models of ³

 assess the impact of WT and A53T ³

 function models to assess the impact of WT and A53T ³



 

 Development and validation of α

Many studies in this field utilise exogenous ³

fibrillar ³ synuclein are harmful, fibrillar ³

damaging, models employing PFFs do not capture this key aspect of ³

³

higher order ³

tagged ³

terminus of ³

³

³ ³

³



α

α α

α

α

against GFP, α α

both GFP and α



overexpress ³

through their ability to exploit a host cell’s replication machinery 

α

α α

α

α A53T. After 24 hours, cells were fixed and stained with antibodies against α

). Colocalisation of α

60X objective. Scale bar = 20μm.



³

³ ³

α α

α

α α

against GFP, α α

both GFP and α



α

α α

α α A53T. Cells were fixed and stained with antibodies against α

by Hoechst (blue). Colocalisation of α

microscopy on a 60X objective. Scale bar = 20μm. 



 α α

markers of pathological α

³

whether they exhibited any markers associated with pathological ³

toxic attributes of ³

cells overexpressing ³

³

³ ³

unable to visualise any individual ³

³ ³

positive puncta colocalised with ³

³

³

³

³

 



 

: GFP puncta that colocalise with α

α α

α α

and α

00X objective. Scale bar = 20μm.



The most commonly used indicator of ³

. This is because pS129 ³

characterised in Lewy bodies of PD patients, where the majority of ³

. The association between pS129 ³

aggregated ³

³ synuclein now widely used as a marker for pathologically aggregated ³

α α

α

α

way ANOVA with Tukey’s multiple comparisons test. This reported that a 

α



evaluated expression of pS129 ³ synuclein as a readout of pathological ³

³ syn overexpression models. In untreated cells, pS129 ³

³ ³

³

not seen at the molecular weight of endogenous ³

that the pS129 ³ ³

the lack of pS129 ³

direct result of ³

S129 α α

α

α α

S129 α



pS129 ³

Qualitatively, pS129 ³

³ ³

specificity of the antibody. pS129 ³ 3

3 ³ ³ A53T cells appeared to have denser pS129 ³

³ A53T cells, some exhibited extremely bright pS129 ³

This suggests that the presence of pS129 ³



S129 α α

α

α α

S129 α

20μm.



 Mitochondrial damage exacerbates markers of pathological α

α α

. For example, a recent paper showed that A53T ³

synuclein triggers the production of ROS, and this in turn accelerates the oligomerisation of ³

to investigate the impact of A/O exposure on the pathological phenotypes associated with ³

³ ³

olocalise with ³

³ ³ ³

initial suggestion that mitochondrial damage may impact ³

positive puncta that colocalised with ³

be the centriole rather than any ³



 



mitochondrial damage induced the expression of pS129 ³

³ ³ A53T overexpressing cells, pS129 ³

³ ³

displayed significantly higher pS129 ³

translational modification to ³ synuclein. Looking at the increase in pS129 ³

³

³

was likely because the steady state level of pS129 ³ ³

³

: GFP puncta that colocalise with α

α α

α α

cytoplasmic proteins, stained with antibodies against GFP (green) and α

immunofluorescence microscopy on a 100X objective. Scale bar = 20μm.



a) 

b) 



 α α

induced increase in pS129 modified ³

³ ³

whether pS129 modified ³

Expression of pS129 ³

³ ³

), pS129 ³ ³

overexpressing cells, again suggesting that phosphorylation of ³

of pS129 ³

S129 α

α α

 α α

S129 α

 S129 α

S129 α

α α

way repeated measures ANOVA with Tukey’s multiple comparisons test. No 

α

α



In terms of localisation of these pS129 ³

induced punctate pS129 ³

³ ³

). Since pS129 ³

 



 
a) 



 

b) 



c) 



To more clearly determine whether pS129 ³

pS129 ³

not due to diffuse staining. At steady state, pS129 ³

³ ³

proximity to mitochondria, the majority of pS129 ³

³ synuclein species in these cells were a direct result of ³

³ ³

pS129 ³ ³

³

pS129 ³

preferential or suggest specific mitochondrial recruitment, since the majority of pS129 ³

S129 α

α α

α α

S129 α

α

pS129 α

objective. Scale bar = 20μm. 



a) 



 b) 



 c) 



³

³

³

³

actions. However, an ³

³ ³

³

³

detected in all fractions with an ³

³

³ ³

 

S129 α

α α

α α

S129 α

assessed. White arrows indicate examples of pS129 α

a 100X objective. Scale bar = 20μm.



 

a) 

b) 



α α

α

α α

processed by Western blot with antibodies against α

α

α

and α

c) 



 α α

³ ³

³

Mechanistically, it has been suggested that aggregated ³

. Additionally, ³

³ ³

³ ³

³ ³
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α α

α α

by RLU per μg of protein. Graphs show within

α α

with Tukey’s multiple comparisons test. Significance differences between gro
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α

α

 α α

RLU per μg of protein. The graph shows between α

α

way ANOVA with Tukey’s multiple comparisons 

 α α

α



³

³

³

 



³

³

³

³

³

³

³

³

α α

α α

α α



a) 

e) 

c) 

b) 

f) 

d) 



³ ³ ΔΨm

ΔΨm

. Investigations into the impact of pathological ³ ΔΨm

vivo incubation of isolated rat mitochondria with ³

ΔΨm

research has shown that in an overexpression model, ³

ΔΨm

ΔΨm

³

³ ΔΨm

³ ³

ΔΨm

α α

α

α

way ANOVA with Tukey’s multiple comparisons test. No significant differences were 



 

a) 

b) 



 α α

reported in models of ³ synuclein overexpression, suggesting that pathological ³

that overexpression of ³

. Further, ³

. This ³

α α ΔΨm

 ΔΨm α α

α

 

with Tukey’s multiple comparisons test



. These associations between ³

activity suggest that overexpression of ³

Given the observations of ³

³ ³

SY5Y ³

³

³

³ ³

³



 

a) 



 

b) 



 

c) 



 

α α

α α

microscopy on a 100X objective. Scale bar = 20μm.



 

a) 

c) 

b) 

d) 

e) 



 

α α

α α

ANOVA with Tukey’s multiple comparisons test. Significant differences were only found between the 

a) 

c) 

b) 

d) 



³ ³

³ ³

³ ³

³

³ ³

³

³

 

α α

α α

NOVA with Tukey’s multiple 



 

a) 

c) 

b) 

d) 

e) 



 

α α

α

α

ídák’s

α α

α

α

α α

α α



a) b) 

c) d) 

α α

α α

ídák’s

α α

α

α



 α α

³ ³

. However, the relationship between pathological ³

³

studies have suggested that ³

. Since there is no consensus on the impact of pathological ³

³ ³

³

³ ³

³ ³

³ ³



a) 

b) 

α α

α α

antibody against CoxII alongside α α

α α

ídák’s

α α



a) 

b) 

c) 



Data from the previous chapter showed that a lack of ³

steady state, supporting the theory that ³

³

next aimed to investigate whether these ³

Recent research has suggested that pathological ³

Parkin. Exogenous ³

overexpression background, and an ³

observed in other studies. In fact, other research has shown Parkin to be protective against ³

S129 ³

³ ³

α α

α α

antibodies against PINK1 and Mfn2 alongside α α

α α

ídák’s

α

α

α

α



³

³

 



³

correlated with ³

³ ³

³

α α

 α α

with an antibody against Parkin alongside α α

 α α

α α

way ANOVA with Tukey’s test for multiple 

 



³ ³

type ³ ³

³ ³

³

a) 

pUb S65 Nuclei / pUb S65 / CytC CytC GFP 



 

b) 
pUb S65 Nuclei / pUb S65 / CytC CytC GFP 



 

α α

α α

objective. Scale bars = 20μm. 

c) 
pUb S65 Nuclei / pUb S65 / CytC CytC GFP 
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 α

³ ³

pathogenic ³

levels, research has suggested that ³

with ³

³

α α

α α

y’s multiple comparisons test for 

α

α

α

α

α



³ ³

³ ³

³

³

³

 

a) 

b) 



³

³

lysosome fusion, ³

³

³ ³

³ ³

α α

 α α

antibodies against LC3, α α

 α α

α

α

way ANOVA with Tukey’s test for multiple comparisons. 

α

α



³

³

³

³ ³

a) 

b) 



c) 

α

α α

ale bars = 20μm.



a) 

b) 

c) 



³

³

³

³

³

α

α α

way ANOVA with Tukey’s test 

α



a) 

b) 



 α α

³

Current research in the field of MDV biology has not investigated a link between ³

synuclein and MDVs, nor evaluated whether pathological ³

Interestingly, evidence describing the relationship between pathological ³

mitochondrial proteins hints at the potential for ³

α α

α α

way ANOVA with Tukey’s test for multiple comparisons but reported no 



. Firstly, pathological ³

finding that pS129 ³ synuclein can interact with the OMM protein TOM20, suggests that ³

. Further to this, pathological ³

. Since ³

³

³

³

³ ³

³

³

³

³

³

³

³

³

pathological ³



 

a) 

b) 



 
c) 

d) 



e) 

f) 



 

α α

α α

–

–

microscopy on a 100X objective. Scale bars = 20μm. 

a) b) 



 

α α

α α

ídák’s multiple comparisons test

α

α α

α

α

α



 

aimed to investigate the impact of ³

resulting from pathogenic overexpression on mitochondrial health. Though both ³

³

³

³

pathological ³

overexpression of ³

show that ³

In the field of PD research, a range of tools are used to incite ³

method is to induce stable overexpression of ³

Providing an environment where ³

novo formation of ³

SY5Y cells in particular, ³

³

³ ³

observed a predominant cytoplasmic pool of protein with a subpopulation of ³

positive puncta, suggesting the presence of potential ³

phenotypes as a result of ³

³ synuclein. Found at high levels in LBs in PD brains, pS129 ³

biomarker for pathological, aggregated ³

³ ³



pS129 ³

present in GFP only control cells, indicative of pathological ³

presence of cytoplasmic ³ sion of pS129 ³

³

of ³

erate ³

of organic ³

Research has demonstrated that oxidative stress can exacerbate ³

apparent in the context of ³

³ positive puncta and levels of pS129 ³ indicating that ³

pathology was augmented by mitochondrial damage. Since aggregated ³

phenotype may be the result of a direct association between ³

unable to visualise selective localisation of ³

assessing pS129 ³

modified ³

clear out the cytoplasm which further reduced the pool of ³

³

³ ³

relationship between ³

³ ³

pathogenic phenotypes in terms of number of GFP inclusions and levels of pS129 ³

³ ³

the A53T form of ³

type protein. Recent work has suggested that the conversion of ³

or ³



explain why only the mutant ³

association between ³ synuclein and mitochondria have only done so in the context of ³

Secondly, the exacerbation of ³

³

increase in cellular pS129 ³ synuclein and ³

³ ³

mechanism: direct modification of ³

After generating and validating ³

investigated the impact that ³

ΔΨm

³ ³

pathological ³

. However, both described direct interactions between ³

and mitochondria, including the binding of ³

. As such, it could be that direct mitochondrial localisation of ³

is important to note that these studies both utilised exogenous addition of aggregated ³

synuclein species rather than an overexpression model, suggesting that ³ synuclein’s impact 

alternative explanation could be that ³

³ ³

for mitochondrial dysfunction induced by ³

explored whether ³

report that overexpression of ³



phenotype is debated, with suggestions that ³

proposed that ³

reported that ³

suggest that cells overexpressing ³

shown that ³

³ ³

found that overexpression of ³

have shown an ³

exogenous PFFs or inducible ³

aggregation of ³ synuclein is one of the first to discriminate between the impact of ³

expression and ³

consider that ³ synuclein’s ability to impact PINK1/Parkin

dependent. Though the overexpression models of ³

fibrillisation process of ³



³

³ ³

A/O is exaggerated by overexpression of ³ ³

³

³

³

interaction between ³

ability of ³

propose that ³

³

³

³

attempt by the cell to boost autophagic flux in order to degrade damaging ³

Removal of ³

. Since sequestration of ³

overexpression of ³



³

³

excess of ³

. This could be explained by ³ synuclein’s ability 

pathological ³

³

³

type ³

type ³

mediated autophagy, ³

. In fact, this study found that ³

type ³ synuclein, but not ³

investigated how overexpression of ³

that pathological ³

hypothesised that overexpression of ³

overexpressing ³

reflect an increase in MDV generation due to ³

derived MDVs is Parkin, which has been suggested to interact with pathological ³



(Ję[ko et al., 2019; Madsen et al., 2021; McLelland et al., 2014; 

expression or function in cells overexpressing ³

be that ³

pathway in responding to mitochondrial stressors was not impacted by ³

³ ³

³

To summarise, the work in this chapter develops and uses ³

models to provide insight into the potential effects of toxic gain of ³

³

³ A53T was shown to induce markers of ³

³ ³

demonstrated that overexpression of ³



ΔΨm

suggest may be the result of an ³

caused by ³ synuclein pathology. Interestingly, ³

mitochondrial clearance was unaffected by ³

³

³



 Investigating the impact of alterations in α-

synuclein on neuronal differentiation of SH-

SY5Y cells

 

specific cytoskeletal components such as ´

provide an environment where ³



synaptic terminals, ³

³

Interestingly, ³

. As well as modulating vesicle release, ³

. In particular, overexpression of ³

Additionally, several studies have described a relationship between ³

associations hint that ³

³

As well as being important for activity in mature neurons, it has been suggested that ³

synuclein may have a role in neuronal development. This is based on the observation that ³

plasma ³

as ASD, raising further questions about ³ synuclein’s function in early human development 

. Supporting the theory that ³

may accompany a functional switch and insinuate that ³

Though the potential role of ³

studies have investigated this by assessing the impact of alterations in ³

. However, whether ³ synuclein’s ability to impact 

physiological ³ function associated with pathological ³



exhibiting either overexpression or knockout of ³

 

 Investigate the impact of ³

 Investigate the impact of ³



 

 







to define cells as <differentiated= or <undifferentiated=, since not every cell exhibited neuronal 

re considered <undifferentiated= (

growth cone) were considered <differentiated= (

neurite per cell was considered the <primary neurite=. Differentiated cells also appeared to have 

<differentiated= from <undifferentiated= cells by immunofluorescence microscopy.

μm.



tubulin staining was also used to quantify the number of <differentiated= cells in a given 

<differentiated= (

Both the average percentage of <differentiated= cells and the average length of the primary 

a) 

b) 

cells from the same coverslip, with cells defined as <undifferentiated= (a) or <differentiated= (b) 

widefield immunofluorescence microscopy with a 40X objective. Scale bar = 20μm.





 

tubulin staining considered <undifferentiated= is highlighted by a 

μm. 

a) b) 
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c) 

b) 

d) 



 Loss of α

The physiological functions of ³

. The role of ³

potential role for ³

. ³

role for ³

dopaminergic cells lacking ³

first investigated whether ³

suggests that a lack of ³



 

: Lack of α

20μm.



 Differentiated cells lacking α

morphological measurements to assess whether ³

’s

generate new neurites. In addition, the length of a differentiated cell’s primary neurite was 

α



). This suggests that ³

differentiated cells. Analysis of nuclear area showed that cells lacking ³

). This suggests that ³

 

a) 

c) d) 

b) 



 Lack of α

assessed whether ³

). Though cells lacking ³

that lack of ³

controls, suggesting that a lack of ³

α



 

a) 

c) 

b) 

d) 

: Loss of α

actin as a loading control and α



 α

onset nature of PD, the impact of pathological ³

undefined, aggregation of ³

mutations in the SNCA gene, pathological ³

fold upregulation of ³

prone levels of ³

to hypothesise that overexpression of ³

with ³

aimed to investigate the impact of ³

We first evaluated whether ³

³ ³

³

³

³

 



 

α α

α α

immunofluorescence microscopy on a 40X objective. Scale bar = 20μm.
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way ANOVAs with Tukey’s multiple 

α α α

α

α
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objective. Scale bar = 20μm



 α

We then investigated whether ³

³ ³

³

³

³

³

³

 



 

a) 
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c) 

α

α α

l and α

α

ídák’s multiple comparisons tests.

α

α

d) 



 

had established how differentiation was impacted by ³

switch in mitochondrial organisation to metabolically support the cells’ neuronal architecture. 

 





 

5μm antimycin A and 10μm oligomycin triggers mitophagy, measurable by a reduction in CoxII 

 

widefield immunofluorescence microscopy with a 60X objective. Scale bar = 20μm. 



 

cells: 5μm antimycin A and 10μm oligomycin. Images are represent

repeat. Images were captured using a light microscope with a 10X objective. Scale bar = 100μm. 



 

cells and investigate how neuronal phenotypes were affected by perturbations in ³

Though the impacts of ³

³ ³

reported that loss of ³

³

³

³ ³

n environment in which ³

manipulation of ³



assessed whether ³

SY5Y cells. Studies investigating ³

and murine lifetimes have revealed that peak ³

day protocol, indicating that ³

that a lack of ³

Interestingly, ³

example, interactome analysis recently revealed an association between ³

. This study suggested that ³

studies have suggested that ³

nuclear function in the absence of ³

tudies have shown that ³

. This suggests that ³

mature neurons. Localisation of ³

due to the limited specificity of antibodies against endogenous ³

important to investigate using other methods. It is not clear why the lack of ³

differentiation in a small subset of cells, though it could be due to compensation of ³

synuclein function by ´ synuclein, which has similar properties to ³



suggested that in differentiated cells, ³

strated that ³

suggest that physiological ³

A relationship between ³

observed in the context of ³

³

³

differentiated cells overexpressing ³

has shown that primary neurons from mouse models of ³

had less, shorter neurites, which was demonstrated to be the result of an impact on GSK3´ and 

´ catenin facilitated by an ³

. Upon differentiation with RA, GSK3´ is rendered inactive and 

. One of its substrates, ´

. However, in cells overexpressing ³

impaired due to ³

GSK3´, enabling it to phosphorylate and signal the degradation of ´

. The authors suggest the lack of ´

genes is a result of the association between ³

of ³

³



³ WT, suggesting that the two forms of ³

³

³

³

investigating neuronal development in primary human progenitor cells have shown that ³

type ³ . Reduced viability of cells overexpressing ³

synuclein has been shown to be recovered by use of antioxidant drugs, suggesting that ³

differentiation process in future, to establish whether ³

process, it is possible that the most pathogenic cells with the highest levels of ³

Interestingly, one study has suggested using an inducible ³

SY5Y cells to be terminally differentiated into neurons prior to the induction of ³

method for the study of PD, since it enables the impact of pathological ³

Arguably, considering how perturbations in ³

of the SNCA gene resulting in excess ³

th throughout the patients’ life 



³ ³

been suggested that ³ synuclein harbouring the A53T mutation prefers to generate a ´

conformation rather than an ³

Since less ³

³

³ ³

³

the relationship between ³

that ³

forms of ³

³ ³

³

³ WT. Though this could again relate to a relationship between ³

uclein and PP2A, pathological ³

3

It was found that ³

analysis of ³

´

. This was investigated in the context of monomeric ³

results in an excess of monomers with a smaller pool of aggregated ³



terminus of ³

between ³

investigated the impact of perturbations in ³



impacted by perturbations in ³

model in which to investigate the impacts of altered ³

function and quality control. Firstly, loss of ³

phenotype. However, lack of ³

interaction between ³

function of ³ ³

³

be the result of an association between ³

modulated by oxidative stress. In addition, cells overexpressing ³

propose may be due to the direct ability for ³



 General discussion

: Summary of key phenotypes found in α

α α



Both ³

drivers of PD, but there is a lack of research on the relationship between them. Though ³

association between ³

function of physiological ³

function of pathological ³

Development of an ³

found that lack of ³

respiratory function and responses to mitochondrial damage, indicating that ³

that dysfunctional mitochondrial phenotypes in PD are likely not due to ³

function. These findings provide novel insight into ³ synuclein’s function and suggest that ³

y defined a potential functional relationship between monomeric ³

the context of endogenous ³ synuclein; knockout models were exposed to exogenous ³

. Though an association between ³

physiological ³ provide evidence that ³

that loss of ³

³

in pathological circumstances through ³

. In addition, lack of ³

clearance. This suggests that ³ synuclein’s ability to influence autophagosomes is not specific 

a indicate that ³

To rule out a physiological association between ³

improved detection of endogenous ³

to establish whether ³



aid in characterising the relationship between ³

Though the disease relevance of pathological ³

characterised than physiological ³

still poorly understood. Associations between aggregated ³

mitochondria represent a site of pathological structural conversion for ³

providing novel insight into how pathological ³

³ ³

showing that ³

general consensus on the directionality of the relationship between ³

Several studies report that pathological ³

In my study, the comparative lack of ³

reported in the literature led me to consider that ³ synuclein’s capacity to impact mitochondrial 

it has been estimated that ³

SY5Y cells overexpressing ³

time of ³

addition of exogenous ³ synuclein species. The schema of ³

overexpression alone of ³



use an external trigger of aggregation often use overexpression of ³

total ³

Several studies that have described direct interactions between ³

confirmed measurable ³

³

specific conditions under which pathological ³

³

aggregation models; an optogenetic system where ³

discrimination between mitochondrial phenotypes caused by excess ³

did observe pathological impacts of ³

network. Since ³

propose that pathological ³

suggest that ³

damage. Since ³

function effect due to ³

pathological ³

tween ³

between pathological ³

only see an impact of pathological ³

suggest that ³ synuclein may act in a more indirect way. Previous research has shown that ³

consider that increased ROS induced by ³



™

™

also see that overexpression of ³

again suggest that this is due to pathological ³

understanding of how ³

Interestingly, both ³ function and ³

in changes in autophagosome number. Lack of ³

autophagic flux, which suggested that ³

³

mes was due to ³

³ synuclein overexpression models, the relationship between ³

assess how ³

The next step in investigating the relationship between ³



stress is impacted by changes in ³

was impacted by genetic manipulation of ³

suggest that though physiological ³

observe that cells lacking ³

demonstrating that physiological ³

dopaminergic phenotypes. Though the association of ³

. However, ³

. Interestingly, it is ³ synuclein’s similarity to 14

suggest that further investigation into ³

synuclein’s potential function as a molecular chaperone may help to define its potential 

Limited research has focused on the pathological impact of ³

research has shown that ³



. This was suggested to occur through ³ synuclein’s ability to induce degradation of ´

data support the idea that ³

SY5Y cells, overexpression of ³

type ³

type or A53T ³ synuclein. This suggests that though ³

type protein, ³

³

type ³

like structures after long incubation periods, ³

type and A53T ³

³

suggest that further research on ³ synuclein’s physiological role in neuronal 

differentiation would be important to better characterise ³ synuclein’s capacity to influence 
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membrane with 10μM CCCP

C for 30 minutes and imaged. 10μM CCCP 

stacks. Scale = 20μm. 



depolarisation of the mitochondrial membrane with 10μM CCCP

seconds, 10μM CCCP was added and images were taken once per minute for 10 minutes. 15 
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y ANOVA with Tukey’s multiple comparisons test. GFP α
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