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Abstract 

Amino acids are a class of small polar compounds, known mainly for their roles as the substrates in 

ribosomal protein synthesis. In addition to their use in protein synthesis, amino acids have many 

biological functions including, modulation of homeostasis, and in neurotransmission. The majority of 

amino acids found in nature are not used in ribosomal protein synthesis and are classified as non-protein 

amino acids. Some of these non-protein amino acids are produced by fungi, algae and bacteria and are 

of interest as they can negatively impact on human health and have been suggested to play a causal role 

in sporadic neurological diseases such as sporadic motor neuron disease. β-Methylamino-L-alanine, 

more commonly referred to as BMAA, is a non-protein amino acid produced by cyanobacteria and 

marine diatoms, that is implicated as a potential environmental factor that could play a role in sporadic 

motor neuron disease, however there is still much to be known regarding its mechanism of toxicity.  

The studies presented in this thesis aimed to firstly design new methods for amino acid and metabolite 

analysis, and secondly, investigate sources of BMAA and its effect on the human metabolome to 

provide insight into its neurotoxicity and the potential for human exposure. 

Amino acids are small polar zwitterionic molecules, and their analysis is complicated due to their 

physicochemical properties. The most sensitive technique for amino acid analysis is LC-MS/MS. LC-

MS/MS while allowing for sensitive analysis of native amino acids it is problematic due to low 

ionisation efficiencies, in source fragmentation, and difficulty in the correct application of 

chromatographic techniques. This has led most researchers to derivatising amino acids prior to analysis, 

this however, has the disadvantages of increasing the time and cost of analysis. Chapter 2 in the thesis 

is a published tutorial review that examines the ways amino acids are currently analysed via LC-MS/MS 

and discusses the advantages and disadvantages of different approaches. Chapter 3 discusses the 

development of a sensitive protein amino acid analysis method for native amino acids. A novel 

acetonitrile (ACN) adduct (M+H+ACN+) was discovered for each of the protein amino acids and was 

found to increase the detection sensitivity of 16 out of the 20 protein amino acids, with improvements 

to the signal-to-noise ratio ranging from 23% to 1762%.  

Non-protein amino acids such as BMAA are readily taken up by human cells and in some cases can 

mimic protein amino acids in intracellular processes including in protein synthesis. In Chapter 4, we 

treat neuroblastoma cells with BMAA and examine changes in levels of protein amino acids over a 48 

hour period using the analysis method developed and validated in Chapter 3. Levels of 16 of the 19 

amino acids detected were significantly changed in at least one timepoint with 3 the amino acids, 

histidine, tyrosine and serine having consistent decreases in concentration at 3 timepoints. Serine was 

the most heavily affected amino acid, decreasing in concentration in 4 sequential timepoints, suggesting 

serine may be integral to BMAA’s mechanism of toxicity. 



vii 
 

The amino acid data presented in chapter 4, while important, is only reveals some of the changes in the 

metabolome that occur in response to BMAA. In chapter 5 a novel untargeted method was developed 

and used to analyse metabolic changes in BMAA treated neuroblastoma cells. Many metabolic 

pathways were found to be impacted by BMAA namely the one-carbon metabolism and alanine, 

aspartate and glutamate metabolism. In addition, a number of neurotransmitters and markers of 

oxidative stress were found to be altered. 

BMAA has been shown to be produced by cyanobacteria and marine diatoms but cyanobacteria are the 

only known BMAA producers in freshwater systems. Chapter 6 is a published manuscript in which we 

investigated if freshwater diatoms had the capacity to produce BMAA and its isomers like their marine 

counterparts. Five axenic diatom cultures were established from multiple locations across eastern 

Australia. Intracellular amino acids were extracted and analysed for BMAA and its isomers using LC-

MS/MS. Four out of the five diatoms were shown to have detectable BMAA. These results show that 

BMAA production by diatoms is not confined to marine genera and that the prevalence of these non-

protein amino acids in Australian freshwater environments cannot be solely attributed to cyanobacteria 

The extraction of BMAA from sample matrices is a time-consuming procedure, with an overnight 

hydrolysis step required to release bound BMAA from the protein fraction. This hydrolysis step is based 

on those used to cleave the polypeptide bonds in proteins and release the constituent amino acids. The 

nature of the association between BMAA and proteins is not known and might differ between sample 

matrices. Recent amino acid studies have found that by utilising microwave assisted hydrolysis this step 

can be reduced to 5 minutes. Chapter 7 investigates the use of microwave assisted hydrolysis to allow 

a quicker more efficient sample extraction of protein-bound BMAA and its isomers. A 5-fold increase 

in recovery was found for BMAA in the two sample matrices examined. This suggests that current 

hydrolysis methods are not optimal for BMAA recovery and that concentrations of this toxic NPAA in 

nature is currently being underestimated.  

Future studies should be aimed at optimising conditions for the release of bound BMAA from a range 

of sample matrices using the microwave approach to allow its accurate quantification. This could also 

be applied to brain samples which have previously been difficult to analyse. It could be valuable to 

conduct lipid analysis or lipidomics on BMAA treated cells to provide further information on how 

BMAA could impact on lipid synthesis and metabolism. 
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