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SUSTAINED TYROSINE HYDROXYLASE 
PHOSPHORYLATION IN PC12 CELLS EXPOSED TO 
MANGANESE
Posser T.1, 2, Franco J.L.1, 2, Bobrovskaya L.1, Leal R.B.2, Dickson 
P.W.1 and Dunkley P.R.1 
1The School of Biomedical Science and Hunter Medical Research 
Institute, Faculty of Health, The University of Newcastle, 
Callaghan, Australia. 2Departamento de Bioquimica, Universidade 
Federal de Santa Catarina, Florianópolis, Brazil. 

Purpose: Manganese (Mn) is an essential trace metal which on 
chronic exposure produces symptoms of idiopathic Parkinsonism 
in humans. Mn toxicity was observed in dopaminergic neurons and 
is related to oxidative stress and toxic catecholamine metabolites 
production. Tyrosine hydroxylase (TH) is the rate-limiting enzyme in 
catecholamine synthesis. Its activity is controlled acutely by protein 
phosphorylation and chronically by protein synthesis. Mitogen activated 
protein kinases (MAPKs), including p38, JNK1/2 and ERK1/2, are 
involved in TH phosphorylation in situ. Here, we investigated the 
effects of Mn on TH phosphorylation at Ser 19, Ser 31 and Ser 40 
and on activation of MAPKs. Methods: Pheochromocytoma cells 
(PC12) were incubated in a low serum media (2% Fetal Calf Serum 
and 1% Horse Serum) with MnCl2 (1-1000 μM) for 24 h. Cell viability 
was analysed using the MTT reduction assay. For analysis of TH and 
MAPK phosphorylation, cells were lysed in SDS buffer and proteins 
were separated by SDS-PAGE. Immunoblotting was performed 
using appropriate antibodies and the enhanced chemiluminescence 
(ECL) system. Results: Treatment of PC12 cells with MnCl2 for 24 
h did not alter cell viability or TH protein content even at 1000 μM 
(n=2 in duplicate). On the other hand, we observed a concentration 
dependent increase in TH phosphorylation at Ser40, Ser31 and 
Ser19 (n=2 in triplicate). In parallel we observed an increase in 
phosphorylation of MAPKs (n=2 in duplicate). Conclusion: Sustained 
phosphorylation and activation of TH may be a mechanism involved 
in MnCl2 neurotoxicity.

THE METALLOBIOLOGY OF HUMAN 
NEUROMELANIN DURING DEVELOPMENT AND 
AGING REVEALED USING SYNCHROTRON 
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Purpose: The metal binding properties of neuromelanin represent 
an endogenous metal-ion regulation system within the human brain, 
but have not previously been studied in whole neurons. The current 
work studied the spatial and temporal distribution of seven elements 
in whole human substantia nigra neurons ex vivo over the human 
lifespan. Methods: Eight micron formalin-fixed paraffin-embedded 
sections of the substantia nigra were prepared from seven control 
individuals aged 24 weeks to 94 years. Micro- and nanoprobe 
imaging of the samples were carried out at the European Synchrotron 
Radiation Facility, Grenoble, France. Quantitative maps of sulphur, 
calcium, iron, copper, zinc, manganese and selenium averaged 
from 15-20 single whole neurons were calculated for each subject. 
Results: The concentration of neuromelanin-associated elements 
increased with aging, but the timing of this increase varied depending 
upon the element. High spatial resolution investigations revealed 
age-dependant iron-rich micro-domains within the pigment that co-
localized with other trace elements. Intracellular speciation of sulfur in 
neuromelanin revealed the presence of reduced sulfur compounds and 
various forms of oxidized sulfur compounds, which have not previously 
been reported. Conclusions: This work furthers our understanding of 
the structure and development of neuromelanin in the healthy human 
brain. Our ongoing work will compare this data from the healthy brain 
with the proposed malfunction of these metal binding properties in 
neurodegenerative disease.

METALLOTHIONEIN-3 IS UPREGULATED IN 
MULTIPLE SYSTEM ATROPHY AND IS ASSOCIATED 
WITH OLIGODENDROGLIAL CYTOPLASMIC 
INCLUSIONS
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Metallothioneins (MTs) are a class of low-molecular-weight (6-7 
KDa), cysteine-rich metal-binding proteins the expression of which 
is induced by heavy metals, glucocorticoids, cytokines and oxidative 
stress. Recent interest has focussed on the brain-specific MT isoform, 
MT-3, also known as neuronal growth inhibitory factor, due to the 
down-regulation of this protein in Alzheimer’s disease neurons. 
Multiple system atrophy (MSA) is an adult-onset neurodegenerative 
disease characterized by Parkinsonian and other symptoms and by 
widespread intracytoplasmic inclusion bodies in oligodendrocytes. 
These glial cytoplasmic inclusions (GCIs) comprised of 9-10 nm 
filaments rich in the protein, alpha-synuclein, which is also found 
in the neuronal inclusion bodies (Lewy bodies) associated with 
Parkinson’s disease and Lewy body dementia. Here we show that 
MT-3 immunoreactivity is increased in MSA brain tissue and is 
associated with GCIs. The morphology of MT-3-positive inclusions 
is closely similar to alpha-synuclein-positive GCIs in serial brain 
tissue sections. Immunofluorescence double labelling and laser 
scanning confocal microscopy reveals the colocalization of MT-3 
and alpha-synuclein in GCIs. Immunoisolated GCIs are strongly 
immunopositive for MT-3 and Western analysis of the detergent-
solubilised GCI proteins comfirms the presence of MT-3. Comparison 
of immunostaining of MSA (n=4) and normal control (n=4) human 
brains shows that the number of cells immunopositive for MT-3 is 
increased in MSA (30%), predominantly in oligodendrocytes, whereas, 
MT-1/2 isoforms showed a similar distribution of immunopositive cells 
in MSA compared to normal tissue.

APTOGENIC MITOCHONDRIAL SIGNALING AND 
PROTEASE ACTIVATION IN STRIATAL GABAERGIC 
NEURONES
Mercer L.D.1, Kardashyan L.1, Diwakarla S.1, 2, Nagley P.2 and Beart P.M.1 
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Injury of striatal GABAergic neurons in Huntington’s disease, involves 
excitotoxicity, metabolic and oxidative stress, which recruit aptogenic 
mitochondrial signalling. Purpose: Elucidation of the insult-dependent 
recruitment of caspase-dependent/-independent “death” signaling 
in primary striatal cultures. Methods: Using primary striatal cultures 
(E18 C57Bl6 mice), insults targeting various injury processes were 
analysed by neurochemical and cytochemical procedures (≥3 
independent experiments). At 6d drugs (3-nitropropionate (3-NP), 
3-morpholinosyndnonimine (SIN-1), N-methyl-D-aspartic acid (NMDA), 
3,5-dihydroxyphenylglycine (DHPG) & staurosporine) were added (24 or 
48h) in the presence and absence of inhibitors of caspase-9, caspase-3 
and calpains. Results: Insults produced concentration-dependent injury, 
which at EC50 concentrations were shown to be apoptotic by patterns of 
annexin V and propidium iodide (PI) labeling. Fast (24h, staurosporine 
and SIN-1) and slow (48h, NMDA, DHPG and 3-NP) timecourses of 
injury were delineated and employed in further analyses of injury. Using 
double immunocytochemistry of the redistribution of cytochrome c and 
apoptosis-inducing factor (AIF), the recruitment of caspase-dependent and 
-independent “death” signaling, respectively, was quantitated. 3-NP and 
NMDA, unlike STS, produced earlier release of AIF, while SIN-1 displayed 
an intermediate profile, suggestive of differential profiles of caspase-
independent injury. Protease inhibition failed to attenuate patterns of 
insult-induced PI-labeling indicating the redundancy of death pathways 
when cells were committed to die. Protease involvement was further 
examined by immunoblot analysis of α-fodrin cleavage products. NMDA 
and DHPG, produced prominent calpain cleavage product (145/150kDa), 
SIN-1 and 3-NP both calpain and caspase (120kDa) products, whilst STS 
exhibited predominantly caspase activation. Conclusion: Apoptosis of 
striatal GABAergic neurones by pathologic insults involves substantial 
calpain activation and caspase-independent AIF redistribution.




