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Abstract 

Neurodegenerative diseases cause significant morbidity and mortality globally, with the prevalence 

continuing to rise due to prolonged life expectancy. Many neurodegenerative disorders share a 

common pathology that involves protein misfolding, aggregation and deposition in the brain. Dietary 

intake of non-protein amino acids has previously been linked to such proteinopathies, with indirect 

evidence indicating potential misincorporation of non-protein amino acids into growing protein 

chains. Phenotypic and proteomic investigations could provide more direct evidence of 

misincorporation and further elucidate the role that non-protein amino acids may play in 

neurodegenerative disease. The aim of this work was to determine if non-protein amino acids 

incorporate into the human proteome at a level detectable by mass spectrometry, with a focus on the 

amino acids L-DOPA, BMAA, and azetidine 2-carboxylic acid. An enzymatic method for the conversion 

of tyrosine residues to L-DOPA was successfully developed, providing a basis for studying the 

incorporation of L-DOPA into proteins. L-DOPA incorporation into proteins was also detected following 

treatment of human neuronal cells in vitro, with quantitative proteomics revealing activation of the 

unfolded protein response, evidence of oxidative stress, and changes in pathways involved in 

neurodegenerative diseases. Meta-analysis of proteomics datasets revealed a significant effect of 

sample preparation on the oxidation of samples, which could potentially mask true in vivo oxidation. 

Labelling techniques and mass spectrometer resolution were also found to be important for the 

identification of unique peptides and modifications, including misincorporated amino acids. The 

treatment of human neuronal cells with BMAA in vitro induced proteomic changes indicating a profile 

of toxicity like that previously reported for glutamate-mediated excitotoxicity, but the incorporation 

of BMAA into proteins was not detected. Conversely, the incorporation of azetidine 2-carboxylic acid 

into proteins was readily detectable following in vitro treatment of cells, importantly in proteins 

involved in cell proteostasis. Azetidine 2-carboxylic acid also resulted in quantitative proteomic 

changes, including an increased abundance of protein folding machinery and a decreased abundance 

of translational machinery. The significant proteomic changes in neuronal cells following exposure to 

all three non-protein amino acids investigated indicated changes in pathways potentially related to 

neurodegeneration and neurotoxicity, indicating a potential role in such pathologies that should be 

further explored. This thesis also provided direct evidence that certain non-protein amino acids can 

be incorporated into human proteins at a level detectable by mass spectrometry, paving the way for 

future studies to further investigate the role of such amino acids in human disease. 
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SILAC Stable isotope labelling by amino acids in cell culture  

SLE Systemic lupus erythematosus 

SNRPG Small nuclear ribonucleoprotein G  

SNRPGP15 Putative small nuclear ribonucleoprotein G-like protein 15 

SPRM1 Serine/arginine repetitive matrix protein 1 

SPS-MS3 synchronous precursor selection based MS3  

SRM Single reaction monitoring 

SRPR Signal recognition particle receptor subunit alpha 

TAILS N-terminal isotopic labelling of substrates  

TCA Trichloroacetic acid  

TCEP tris(2-carboxyethyl)phosphine 

TDP-43 TAR DNA-binding protein 43 

TMT Tandem Mass Tags 

TOF Time of flight  

tRNA Transfer RNA 

UPR Unfolded protein response 

UTC-7 7M urea, 2M thiourea, 0.1% C7BzO 
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Thesis organisation  

The organisation of this thesis is outlined below: 

• Chapter One: This introduction frames the research questions for this thesis. 

• Chapter Two: Published critical review of the literature concerned with NPAAs, the methods 

used to study their role and effect on an organism’s proteome, and establishment of the 

formal pursuit of proteomic incorporation of NPAAs, with technologies and considerations 

outlined to advance the field of NPAA study. 

• Chapter Three: A method for the enzymatic conversion of proteomes to contain L-DOPA to 

create reference mass spectra for analysis of samples that potentially contain proteoforms 

with L-DOPA incorporated, as well as providing evidence for L-DOPAs in vitro toxicity, and the 

parallels of the toxicity to a state of neurodegeneration highlighted. 

• Chapter Four: Meta-analysis of publicly available data for the presence of 

proteoforms/peptidoform incorporated L-DOPA to establish a baseline of L-DOPA presence in 

the human proteome. The draft map of the human proteome (brain subset) was analysed as 

a baseline for control. A Parkinson’s disease TMT labelling experiment on the substantia nigra 

was also analysed and finally a label free LC-MS/MS dataset of the proteome of the olfactory 

lobes of Parkinson’s sufferers.  

• Chapter Five: The effect of BMAA and Azetidine 2-carboxylic acid on the neuronal proteome 

of SH-SY5Y cells and their incorporation.  

• Chapter Six: General discussion, future directions and concluding remarks. 

• Appendices 

• References 
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