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Abstract

Sporadic motor neurone disease is a neurodegenerative disease with poorly understood
aetiology. It accounts for up to 90 to 95% of motor neurone disease cases, with the
remaining 5 to 10% being familial. Development of the sporadic form of the disease may
be due to a contribution of several factors such as lifestyle, genetic susceptibility, aging
and environment. One of the proposed environmental factors is exposure to
cyanobacterial neurotoxins. A link between exposure to cyanobacterial (blue-green
algal) toxins and a high incidence of neurodegenerative diseases reported on Guam in
the 1940s resulted in the discovery of the novel amino acid, f-N-methylamino-L-alanine
(BMAA). BMAA is being investigated as a potential trigger for MND based on in vitro and
in vivo toxicity studies as well as recent epidemiological studies that have linked
exposure to cyanobacterial blooms to higher incidences of MND in several locations
worldwide. In over 50 years of research, the focus has primarily been on BMAA despite
there being several other isomers including L-2,4-diaminobutyric acid (2,4-DAB) which
have neurotoxic effects. BMAA and 2,4-DAB are produced concurrently by
cyanobacteria, and it is logical to investigate their toxicity together as well as
individually. This thesis aims to investigate further the toxic mechanisms of these two
isomers and how they might contribute to the development of sporadic

neurodegenerative disorders.

Initially cell viability assays were performed to determine the toxicity of the neurotoxins
individually, and to identify the most toxic combination. Equimolar concentrations of
BMAA and 2,4-DAB resulted in the highest toxicity to the cells and was used in
subsequent studies. Proteomic analysis then revealed significant enrichment in
pathways involved with energy production (fatty acid B-oxidation and glycolysis) and L-
serine biosynthesis. The proteomic data on the L-serine biosynthesis enzymes were then
validated using RT gPCR to determine expression levels of the three enzymes involved,
as well as protein levels via Western blotting. 2,4-DAB alone and in combination with
BMAA significantly decreased the expression of the first enzyme involved in the L-serine
biosynthesis pathway, 3-phosphoglycerate dehydrogenase (PHGDH). Supplementation

with the glycolytic metabolite pyruvate before exposure to the neurotoxins was
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protective and prevented the impact of the toxins on the PHGDH gene expression. These
results highlight the importance of the contribution to energy dysfunction which may
parallel those seen in some neurodegenerative diseases. The toxins' ability to interfere
with L-serine biosynthesis enzymes may be another route by which BMAA could disrupt

homeostasis in cells.

To further understand the ability of the toxins to disrupt cellular metabolism, LC-MS/MS
was used to quantify the level of amino acids and antioxidant capacity of cells exposed
to BMAA, 2,4-DAB and the combination. 2,4-DAB exposure showed evidence of
oxidative stress which was increased when combined with BMAA. Intracellular L-alanine
levels were significantly decreased following treatment with BMAA and 2,4-DAB alone.
The decreases in L-alanine levels in cells might support existing studies that have
demonstrated the affinity of BMAA for alanyl-tRNA synthetase. The impact of the
cyanotoxins on L-serine biosynthesis could be important to the in vivo toxicity of BMAA
since it is known that L-serine is protective, but the mechanism through which it protects
against BMAA has not been identified. Since L-serine is an important amino acid in the
CNS, damage to its biosynthesis by continuing exposure to these cyanotoxins could

result in permanent neuronal damage.

The results of these studies contribute to the ever-growing knowledge of BMAA and its
role in neurodegenerative diseases and highlight the importance of studying the toxin

in combination with its isomers that are found concurrently in nature.
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