
           
Advances in Brain Function 

Program 
One-Day Symposium - Thursday 10 August 2006, 9.30am – 6.00pm 

NAB Auditorium, Garvan Institute of Medical Research, 384 Victoria St, Darlinghurst, Sydney 
 
Introduction 
9.30 am – Professor Herbert Herzog & Professor John Shine 
 
Session 1 
Chairperson: Dr Sharon Oleskevich 
 
9.45 am: Associate Professor Robert Vandenberg - “Structural basis for the functional states of 
glutamate transporters” 
10.15 am: Dr Stefan Bröer - “Commuting in the brain – the role of neurotransmitter precursors in 
neurotransmission” 
10.45 am: Professor Peter Barry - “Molecular mechanisms of ion permeation and selectivity in 
two classes of ligand-gated channels” 
11.15 am: Morning Tea - Level 2 (outside the NAB Auditorium) at the Garvan Institute. 
 
Session 2 
Chairperson: Dr Amanda Sainsbury-Salis 
 
11.30 am: Dr Bryce Vissel - “Different mechanisms regulate vesicle turnover in dendrites and 
axons of dopaminergic neurons” 
12.00 pm: Professor John Morley - “Development of a Bionic Eye” 
12.30 pm: Dr Michael Breakspear - "A unifying explanation of the generalized seizures in 
humans" 
1.00 pm: Lunch - Level 2 (outside the NAB Auditorium) at the Garvan Institute. 
 
Session 3 
Chairperson: Professor Herbert Herzog 
 
1.45 pm: Dr Frederic Meunier - “Phosphoinositides and exocytosis: an unfinished business” 
2.15 pm: Dr Louise Faber - “Modulation of synaptic transmission and plasticity in the amygdala 
by SK channels” 
2.45 pm: Professor Tomoyuki Takahashi - “Developmental changes in transmitter release at an 
auditory brainstem synapse” 
3.45 pm: Afteroon Tea - Level 2 (outside the NAB Auditorium) at the Garvan Institute. 
 
Session 4 
Chairperson: Dr Bryce Vissel 
 
4.00 pm: Dr Siew Yeen Chai - “Role of insulin-regulated aminopeptidase (IRAP) in the brain: 
enzyme, regulator of glucose transport or receptor?” 
4.30 pm: Dr Rod Rietze - “Growth hormone receptor regulates symmetric cell divisions of neural 
stem cells”  
5.00 pm: Dr Sharon Oleskevich - “Differentiation of adult mouse precursor cells into hair cells in 
culture”  
5.30 pm: Professor Caroline Rae - “Modulation of brain cortical metabolism by GABAB 
receptors” 
6.00 pm: Drinks - Galleria (Level 4) at the Garvan Institute. 
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One-Day Symposium 

 
Thursday 10 August 2006, 9.30am – 6.00pm 

 
NAB Auditorium, Garvan Institute of Medical Research, 384 Victoria St, 

Darlinghurst, Sydney 
Introduction 
 
9.30 am – Professor Herbert Herzog & Professor John Shine 
 
 
Session 1 
 
Chairperson: Dr Sharon Oleskevich 
 
9.45 am – Associate Professor Robert Vandenberg 
 

“Structural basis for the functional states of glutamate transporters” 
 

Department of Pharmacology, Bosch Institute, University of Sydney 
 
Glutamate is the predominant excitatory neurotransmitter in the mammalian central nervous system 
and activates a wide range of ionotropic and metabotropic receptors to mediate a complex array of 
functions in the mammalian central nervous system. Extracellular glutamate concentrations are 
tightly controlled by a family of glutamate transporters (EAATs), which serve to maintain a 
dynamic signalling system between neurones.  The failure or down regulation of EAAT function 
will lead to elevations in extracellular glutamate concentrations causing excessive stimulation of 
glutamate receptors which, if prolonged, will result in excitotoxicity and cell death.  These 
processes are thought to underlie the pathogenesis of ischaemic brain damage following a stroke 
and also various neurodegenerative disorders, such as amyotrophic lateral sclerosis and Alzheimer‚s 
disease. In this presentation, I shall review the current understanding of the functions of glutamate 
transporters and describe some of the site directed mutagenesis studies that have been used to better 
understand the molecular basis for how these proteins work. This field of research has entered a 
very interesting phase because the crystal structure of a bacterial glutamate transporter has recently 
been determined. This development will greatly facilitate a better understanding of how these 
proteins work and in discussing the mutagenesis work, I will attempt to relate the conclusions to 
what is now known of the structure of these proteins.  
 
 
 



10.15 am - Dr Stefan Bröer 
 

“Commuting in the brain – the role of neurotransmitter precursors in neurotransmission” 
 

School of Biochemistry & Molecular Biology, Australian National University 
 
Amino acids are essential precursors for neuronal glutamate and GABA synthesis because of a lack 
of the anaplerotic enzyme pyruvate carboxylase in neurons. Glutamate in particular is continuously 
drained from neurons by uptake into astrocytes. Inside astrocytes glutamate is converted in 
glutamine, which is transferred back to neurons as a precursor for glutamate biosynthesis. This 
well-known glutamate-glutamine cycle requires the presence of glutamine transporters in both 
astrocytes and neurons. Transport of glutamine is mediated by several transporters in both cell types 
and appears to be tightly regulated. As a result glutamine transport could regulate neuronal activity. 
In agreement with this notion we found that glutamate significantly increases glutamine release 
from astrocytes, suggesting that astrocytes can respond to increased glutamine demand. 
Measurement of neurotransmitter levels by NMR and electrophysiological recordings indicate that 
inhibition of glutamine transport indeed interferes with neurotransmission. Molecular cloning of 
amino acid transporters further suggests that neurons express a wide variety of amino acid 
transporters that actively accumulate amino acid precursors to support neurotransmitter 
biosynthesis. NMR analysis further suggests an active commute of amino acids between astrocytes 
and neurons to support neurotransmission. 
 
10.45 am - Professor Peter Barry 
 

“Molecular mechanisms of ion permeation and selectivity in two classes of ligand-gated 
channels” 

 
School of Medical Sciences, University of NSW 

Anion-cation selectivity is a critical property of ion channels, which underpins their physiological 
function.  Using both site-directed mutagenesis and electrophysiological measurements for an 
extracellular (glycine receptor, GlyR) and intracellular (cyclic nucleotide-gated, CNG) ligand-gated 
ion channel, we were able to elucidate the critical determinants of the underlying selectivity 
mechanisms for both channels. 

The wild-type homo-pentameric  1 GlyR channel is strongly anion-selective.  Mutation of the 
neutral alanine residues, adjacent to an intracellular ring of positively charged arginines, to negative 
glutamates is enough to make the channel weakly selective to cations, and to increase its pore 
diameter.  These and other mutations were able to show clearly that the predominant determinant of 
anion-cation selectivity in these channels is the residue charge in the selectivity filter region of the 
channel, with an additional contribution from the pore diameter [1]. 

The wild-type homo-tetrameric CNGA2 channel is strongly cation selective.  Mutating the 
negatively charged glutamate in the pore-loop of each subunit of the channel to a positively charged 
lysine or arginine was able to switch the selectivity of this channel to anions, albeit with a much 
smaller conductance, suggesting that the charge of this residue, and not the pore helix dipoles (as 
proposed for controlling selectivity in the K+ channel), determines the anion-cation permeability of 
the channel [2]. 

References: 

1.  Keramidas A, Moohouse AJ, Schofield PR and Barry PH (2004).  Prog. Biophys. Mol. Biol. 86, 
161-204 
2.  Qu W, Moorhouse AJ, Chandra M, Lewis TM, Pierce KD and Barry PH (2006).  J. Gen. 
Physiol. 127, 375-389. 
 



11.15 am – Morning Tea 
 

Morning tea will be provided on Level 2 (outside the NAB Auditorium) at the Garvan Institute. 
 
 
Session 2 
 
Chairperson: Dr Amanda Sainsbury-Salis 
 
11.30 am - Dr Bryce Vissel 
 

“Different mechanisms regulate vesicle turnover in dendrites and axons of dopaminergic 
neurons” 

 
Neuroscience Research Program, Garvan Institute of Medical Research 

 
Somatodendritic release of dopamine has been proposed to play an important role in regulating the 
activity of dopaminergic neurons within the ventral midbrain. Although dopamine release from 
somatodendritic sites has been proposed for over 30 years, the mechanism has remained unclear. 
Combining live cell analysis of vesicle endocytosis using FM 1-43 and post hoc 
immunocytochemistry, we have observed endocytosis of vesicles expressing the vesicular 
dopamine transporter, VMAT-2, in both axonal and somatodendritic sites in cultured dopamine 
neurons. Most active axonal release sites were formed in close apposition to dendrites, although 
many release sites were also present that lacked post-synaptic structures, while retaining the same 
exocytotic release machinery. This demonstrates that a post-synaptic structure is not necessary for 
dopamine release to occur from axonal release sites. In addition, we were able to stimulate and 
observe active turnover of VMAT-2-positive vesicles at somatodendritic sites in dopamine neurons. 
These sites lacked active zones and did not appear to form in apposition to target cellular structures. 
These observations suggest that somatodendritic release is vesicular and is subject to regulatory 
mechanisms distinct from those involved in axonal neurotransmitter release. 
 
12.00 pm – Professor John Morley 
 

“Development of a Bionic Eye” 
 

School of Medical Sciences, University of NSW 
 
The only experimental method that has successfully restored visual sensation to otherwise 
irreversibly blind patients is electrical stimulation of the visual pathway with a neuroprosthetic 
device. The visual sensation produced by the electrical stimulation is a discrete point of light 
(phosphene) that may brighten and become larger with higher stimulus currents, and is readily 
extinguished at the off-set of the stimulus without any persisting after image. A prosthetic device 
which acts on the visual area of the brain is the only method that has been investigated extensively 
in chronic human trials, and has restored visual perceptions which have increased a blind patient’s 
mobility and independence. We are developing an implantable device that will produce a 
phosphene array to restore very basic visual perception to blind patients by surface electrical 
stimulation of the visual cortex. The electrode arrays we have used in our studies are provided by 
Cochlear Ltd, and are modified from the electrode array used in the Nucleus 22 Auditory Brainstem 
Implant, which is in clinical use for subdural stimulation of the brainstem. We are investigating 
stimulation parameters in a cat model, using a multichannel data acquisition system to record 
evoked responses from each electrode on the array to various patterns of electrical stimulation 
applied to one or more of the electrodes that were simultaneously used for recording.  These data 
form the basis of understanding the types of cortical responses to stimuli delivered by devices 
suitable for chronic implantation. 



 
12.30 pm - Dr Michael Breakspear 
 

"A unifying explanation of the generalized seizures in humans" 
 

The School of Psychiatry, UNSW and The Black Dog Institute, Randwick 
 
We motivate and explicate a dynamical model of the neuronal activity in large scale cortical and 
thalamic systems. Previous analyses of this model have demonstrated its descriptive validity in a 
wide range of healthy states and yielded specific predictions with regards to seizure phenomena. In 
this talk we show that mapping the nature of "instabilities" in this model provides a unifying 
explanation for the key differences between Absence and tonic-clonic seizures. We argue that 
dynamical models of this type - which form the foundation of all major theories in the physical 
sciences - will play an increasingly central role in the neurosciences. 
 
References: 
 
Breakspear, M, Roberts, JA, Terry, JR, Rodrigues, S, Robinson, PA (2006) A unifying explanation 
of generalized seizures via the bifurcation analysis of a dynamical brain model. Cerebral Cortex, 
16: 1296 - 1313. 
 
Robinson, PA, Rennie, CJ, Rowe, DL (2002) Dynamics of large-scale brain activity in normal 
arousal states and epileptic seizures. Phys. Rev. E, 65: 041924. 
 
1.00 pm - Lunch 
 

Lunch will be provided on Level 2 (outside the NAB Auditorium) at the Garvan Institute. 
 
 
Session 3 
 
Chairperson: Professor Herbert Herzog 
 
1.45 pm – Dr Frederic Meunier 
 

“Phosphoinositides and exocytosis: an unfinished business” 
 

Biomedical Sciences School, The University of Queensland 
 
Neuronal communication relies on the fusion of neurotransmitter containing vesicles with the 
neuronal plasma membrane - a process called exocytosis. A number of specific protein-lipids 
interactions are critical at key points of the secretory process. Several classes of lipids have been 
implicated in neuro-exocytosis including polyunsaturated fatty acids and phosphoinositides. Our 
work focuses on recent developments regarding the role of phosphoinositides in neurosecretion. 
 
 
 



2.15 pm - Dr Louise Faber 
 

“Modulation of synaptic transmission and plasticity in the amygdala by SK channels” 
 

Queensland Brain Institute, The University of Queensland 
 
SK channels are calcium activated potassium channels that are insensitive to voltage and have 
traditionally been thought to play a role in controlling the repetitive firing properties of neurons. 
However in pyramidal neurons in the lateral amygdala, a limbic region that attributes emotional 
significance to sensory input, we have found that SK channels have no effect on neuronal firing 
frequency under physiological conditions. Instead SK channels are activated during synaptic 
transmission following calcium influx through NMDA receptors and shunt excitatory synaptic 
transmission. Thus blockade of SK channels by the specific toxin apamin potentiates excitatory 
synaptic potentials. This enhancement is prevented by the NMDA receptor antagonist AP5 or by 
postsynaptic infusion of caesium or high concentrations of BAPTA. The effect of the SK channel-
mediated shunt is to limit long term potentiation at cortical inputs to lateral amygdala pyramidal 
neurons, the site where the cellular changes underlying fear conditioning are thought to occur. In 
this talk I will discuss our recent findings showing that modulation of synaptic transmission and 
plasticity by SK channels is regulated by beta adrenoceptors. 
 
2.45 pm - Professor Tomoyuki Takahashi 
 

"Developmental changes in transmitter release at an auditory brainstem synapse" 
 
3.45 pm – Afteroon Tea 
 

Afternoon tea will be provided on Level 2 (outside the NAB Auditorium) at the Garvan Institute. 
 
 
Session 4 
 
Chairperson: Dr Bryce Vissel 
 
4.00 pm – Dr Siew Yeen Chai 
 
“Role of insulin-regulated aminopeptidase (IRAP) in the brain: enzyme, regulator of glucose 

transport or receptor?” 
 

Howard Florey Institute, University of Melbourne 
 
Insulin-regulated aminopeptidase, IRAP, is an abundant protein that was initially cloned from a rat 
epididymal fat pad cDNA library as a marker protein for specialized vesicles containing the insulin-
responsive glucose transporter, GLUT4.  The same protein was cloned concurrently from human 
placental cDNA library as oxytocinase, an enzyme thought to have a primary role in the breakdown 
of oxytocin. More recently, we identified IRAP as the specific binding site for angiotensin IV, the 
AT4 receptor. 
 
Specific, high affinity ligands of the “AT4 receptor”, angiotensin IV (VYIHPF) and LVV-
hemorphin 7 (LVVYPWTQRF), elicit robust effects on accelerating spatial learning and facilitating 
memory consolidation.  More importantly, they restore memory in animals with experimental 
amnesia induced by mechanical lesions of the perforant pathway, by scopolamine treatment and by 
ischemia.  Following the identification of the “AT4 receptor” as IRAP, we found that these peptides 
are potent competitive inhibitors of the enzyme, binding to its catalytic site.   
 



The focus of our research has been to elucidate the mechanisms of action of IRAP inhibitors and to 
investigate its physiological roles.  Mapping the distribution of IRAP in the brain has provided 
important insights into the function of this enzyme.  We found an almost complete co-localisation 
of IRAP with GLUT4 in intracellular compartments resembling the specialised GLUT4 vesicles in 
neurones in the hippocampus and cerebral cortex. Therefore, we propose that there is an analogous 
system of IRAP-GLUT4 containing vesicles in neurones that is responsible for facilitating glucose 
uptake following neuronal activation. 
 
4.30 pm - Dr Rod Rietze 
 

“Growth hormone receptor regulates symmetric cell divisions of neural stem cells” 
 

The Queensland Brain Institute, University of Queensland 
 

Reports of growth hormone (GH) effects on precursor cells during development and the presence of 
GH binding sites on cells located in the adult subventricular zone (SVZ), a region highly enriched 
with functional neural stem cells (NSCs), prompted us to investigate GH receptor (GHR) as a 
putative positive NSC marker. . Accordingly, we harvested brain tissue from the adult murine SVZ, 
brought it to a single cell suspension via enzymatic dissociation and sorted viable cells based on the 
presence (GHR+ve ) or absence (GHR-ve) of GHR - as detected by a monoclonal antibody against the 
cell surface portion of GHR – using flow cytometry. To assay for stem cell activity, each distinct 
population was collected and plated at clonal density under conditions known to generate 
neurospheres (Reynolds et al., 1992). A small (0.3%), yet distinct population of GHR-
immunoreactive cells were apparent, a subset of which had the ability to generate clonally derived 
primary spheres. Individual clonally derived spheres generated from GHR+ve cells demonstrated the 
key stem cell features of extensive proliferation, self-renewal and generation of a large number of 
progeny demonstrating the presence of GHR on adult NSCs. However, the majority of sphere 
forming cells were found in the GHR low population, precluding this antigen as a selective NSC 
marker. 
 
We next investigated the role that GH plays on NSCs by; a) exposing serial passed cells to GH, b) 
infusing GH directly into the ventricles of adult mice, and c) culturing adult SVZ stem cells derived 
from GHR-/- animals.  Data analysis using the Neural Colony Forming Cell Assay and mathematical 
modeling revealed that GHR plays a role in symmetric stem cell divisions as evidenced by an 
increase in the number of stem cells with the in vitro or in vivo addition of GH and a reduction in 
their numbers in the GHR-/-. Given that the absolute numbers of NSCs are thought to decline with 
age, stimulation of such cells via GH or its receptor may represent a novel means by which to 
reverse or prevent the deleterious effects of aging.  
 
5.00 pm – Dr Sharon Oleskevich 
 

Differentiation of adult mouse precursor cells into hair cells in culture 
 

Neuroscience Research Program, Garvan Institute of Medical Research 
 
Many forms of deafness result from the degeneration of sensory cells for hearing, the hair cells in 
the cochlea.  Stem cells offer a potential cell-based therapy for the treatment of deafness. We are 
currently investigating whether adult olfactory precursor cells can differentiate into hair cells in 
culture.  Precursor cells were isolated from mouse olfactory neuroepithelium, and shown to be 
sphere-forming, self-renewing and multipotent.  To induce differentiation, precursor cells were co-
cultured with cochlear cells and/or cochlear supernatant.  Differentiated precursor cells were 
immunopositive for specific hair cell markers (myosin VIIa, calretinin, phalloidin, and espin), and 
showed similar anatomy and immunolabelling to endogenous hair cells in culture. We are 
developing electrophysiology techniques to investigate the viability of the new hair cells.  



 
5.30 pm - Professor Caroline Rae 
 

“Modulation of brain cortical metabolism by GABAB receptors” 
 

Prince of Wales Medical Research Institute 
 
Although the relationship of excitatory activity to functional activity in the brain is well established, 
the nature of functional activity in the brain in response to inhibitory modulation is far from clear. 
In this work, we investigated the effects of modulation of the metabotropic GABA B receptor on 
brain metabolism using a targeted neuropharmacological, 1H/13C NMR spectroscopy and 
metabolomic approach. While agonists at GABA B receptors (Baclofen and SKF 97541) generally 
acted to decrease metabolic activity, mild agonist action could also act to stimulate metabolic 
function. The action of antagonists was dependent on the extent of their activity. Less potent 
antagonists (CGP 35348, Phaclofen) acted to decrease metabolic activity, probably through 
activation of a smaller population of post-synaptic receptors, while more potent antagonists (CGP 
52432 and SCH 50911) produced net increases in metabolic activity. This was interpreted as being 
via activity at both pre-synaptic and post-synaptic receptors, resulting in a net excitatory outcome. It 
is therefore possible for GABAergic modulation to have either stimulatory, inhibitory or neutral 
effects on net brain activity. These results are in keeping with the theory that net GABAergic 
activity is context dependent, and should help with interpretation of functional imaging experiments 
involving modulation of inhibitory input. 
 
6.00 pm – Break for Drinks 
 

Drinks will be provided in the Galleria (Level 4) at the Garvan Institute. 
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