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ABSTRACT 

Voltage-activated Ca2+ channels and group I metabotropic glutamate receptors (mGluRs) are 

important determinants of  neuronal excitability and repetitive discharge behaviour. They are also 

implicated in perinatal developmental processes and Ca2+-dependent excitotoxic cascades 

thought to contribute to neurodegeneration. To understand the role that these channels/receptor 

systems play in the physiology, ontogeny and pathophysiology of  MNs, it is necessary to 

characterise them, during development, in MNs that differ  functionally  in the behaviours they 

control, the firing  behaviour they produce, their rate of  maturation, and their vulnerability to 

degeneration in ALS. Surprisingly few  studies, however, have characterised these 

channels/receptor systems in MNs, particularly beyond early postnatal stages. I therefore 

compared voltage-activated Ca2+channels and group I mGluRs in brain slices from  neonate (Pl-

5) and juvenile (P14-19) rat, in oculomotor (III) and hypoglossal (XII) MNs using whole-cell 

patch-clamp recording and immunohistochemical techniques. Ill MNs innervate extraocular 

muscles, control eye movements that are not fully  functional  in rat until 2 weeks postnatal, fire 

at high frequency  for  sustained periods, and are resistant in ALS. In contrast, XII MNs innervate 

tongue muscles, control behaviours that are functional  at birth, fire  bursts of  low frequency 

action potentials, and are vulnerable to degeneration in ALS. 

In neonates, low voltage-activated (LVA) Ca2+ current densities are similar in III and XII 

MNs but high voltage-activated (HVA) Ca2+ current densities are ~2-fold  higher in XII MNs. 

While N- and P/Q-type HVA Ca2+ channels are present in both MN pools, greater expression of 

P/Q-type channels in XII MNs accounts for  their greater HVA Ca2+currents. Developmentally, 

LVA and HVA Ca2+ current densities decrease ~2-fold  by PI4-19 in III MNs, but remain 

unchanged in XII MNs. Thus, in juveniles the HVA Ca2+ current density is ~3-fold  greater and 

the LVA Ca2+ current density ~2-fold  greater in XII compared to III MNs. 
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The group I mGluR agonist, DHPG, induces inward currents in ID and XII MNs of  neonatal 

and juvenile rat, which are mediated by the reduction of  a resting K+ conductance. Antagonism 

of  these currents by the mGluR 1 antagonist LY367385, but not the mGluR5 antagonist MPEP, 

and immunohistochemical labelling for  mGluR la but not mGluR5 protein on III and XII MNs, 

suggest that currents primarily result from  the activation of  mGluRl. In neonatal rat the current 

density of  DHPG-induced currents is similar between III and XII MNs. However, in juvenile rat 

DHPG-induced current density is ~3-fold  greater in XII compared with III MNs. 

Differential  expression of  LVA and HVA Ca2+ currents and varying effects  of  group I mGluR 

activation in III and XII MNs during development supports a role for  these channels and 

receptor systems in determining the distinct firing  patterns of  these two different  classes of  MNs. 

The greater voltage-activated Ca2+ currents and group I mGluR-mediated effects  in XII MNs, 

particularly in juvenile MNs, may also contribute to the greater sensitivity of  XII MNs to 

pathophysiological processes, predisposing them to degeneration as seen in ALS. 

Ill 



ACKNOWLEDGEMENTS 

Firstly, I would like to acknowledge the great support I have received from  my primary 

supervisor Dr Greg Funk. Thanks Greg: for  always trying to put me on top of  the pile, even 

when you weren't sure which pile was next; for  constantly being available for  a chat; and for 

imparting some of  your knowledge and most of  your enthusiasm to me! 

I would also like to acknowledge the support I have received from  my co-supervisor Prof. 

Janusz Lipski. Thanks Janusz, for  providing me with such an invaluable source of  knowledge 

and advice. 

Thanks also to all of  the "Funk lab" members, past and present. You have been great 

colleagues and friends  and have helped in countless ways over the past few  years. Thanks 

especially to: Margie for  getting me started in the lab, Peter for  all his help at the beginning of 

this project, Dean for  knowing most things about most things, Raj for  being... well... Raj, 

Amanda for  her friendly  advice and help with immuno, Angus for  technical advice, Rebecca for 

keeping things running smoothly, and Tadafumi  arigato gozaimashita. 

Thanks to my family  and friends,  for  supporting me in any and every way possible! 

Thanks Mum and Dad! 

And finally...  thanks Paula! Thanks for  listening, encouraging, being patient, understanding 

and most of  all for  smiling ©. 

IV 



TABLE OF CONTENTS 

Abstract  // 

Acknowledgements  IV 

List  of  Figures  VII 

CHAPTER 1 

AN OVERVIEW OF VOLT AGE-ACTIVATED C a 2 + CHANNELS AND GROUP I 

METABOTROPIC GLUTAMATE RECEPTORS IN MOTONEURONS 2 

Introduction  2 

Voltage-activated  Ca2+  channels 4 

Properties of  voltage-activated Ca2 + channels 4 

Voltage-activated Ca2 + channels and MN excitability 7 

Voltage-activated Ca2 + channels and development 11 

Voltage-activated Ca2 + channels and neurodegeneration 13 

Metabotropic  glutamate  receptors  15 

Properties of  metabotropic glutamate receptors 15 

Group I mGluRs and MN excitability 16 

Group I mGluRs and development 17 

Group I mGluRs and neurodegeneration 19 

Motoneuron  Properties  21 

Oculomotor (III) MNs 21 

Hypoglossal (XII) MNs 23 

Comparison of  XII and III MN properties 27 

Experimental  Approach 30 

CHAPTER 2 

DIFFERENTIAL EXPRESSION OF VOLTAGE-ACTIVATED C a 2 + CHANNELS IN 

BRAINSTEM MOTONEURONS CONTROLLING AIRWAY AND EXTRAOCULAR MUSCLES 

IN NEONATAL AND JUVENILE RAT 33 

Introduction  34 

Methods  37 

V 



Electrophysiology 37 

Immunohistochemistry 44 

Results  47 

Low voltage-activated Ca2 + channels 47 

High voltage-activated Ca2 + channels 51 

Discussion 67 

Low voltage-activated Ca2 + channels 62 

High voltage-activated Ca2 + channels 64 

Voltage-activated Ca2 + channels and MN development 68 

Voltage-activated Ca2 + channels and ALS 72 

CHAPTER 3 

DIFFERENTIAL EFFECTS OF GROUP I METABOTROPIC GLUTAMATE RECEPTORS ON 

BRAINSTEM MOTONEURONS CONTROLLING EXTRAOCULAR AND UPPER AIRWAY 

MUSCLES 75 

Introduction  76 

Methods  79 

Electrophysiology 79 

Immunohistochemistry 84 

Results  86 

Group I mGluR-induced currents 86 

Group-I mGluR activation: effects  on synaptic activity 93 

Immunohistochemical labelling 97 

Discussion 100 

Receptor subtypes mediating mGluR-induced inward currents 100 

Ionic mechanisms underlying group I mGluR-mediated currents 101 

Modulation of  synaptic activity by group I mGluRs 103 

Physiological roles of  group I mGluRs 104 

Group I mGluRs and development 107 

Group I mGluRs and ALS 109 

SUMMARY 112 

REFERENCES 115 

VI 



LIST OF FIGURES 

Figure 1. Identification  of  MNs by retrograde labelling with Fluoro-Gold 40 

Figure 2. Analysis of  LVA Ca2+ currents is complicated by the presence of  voltage-

activated outward currents in III MNs 48 

Figure 3. Compared with III MNs, the density of  LVA Ca2+ currents in XII MNs is 

similar in neonates but greater in juveniles 50 

Figure 4. LVA Ca2+channel immunolabelling in III and XII MNs 52 

Figure 5. In neonatal rat, the density of  HVA Ca2+ currents is greater in XII compared 

with III MNs 53 

Figure 6. Differences  in the sensitivity of  HVA Ca2+currents in III and XII MNs to 

channel blockers 56 

Figure 7. The density of  HVA Ca2+ currents remains greater in XII compared with ID 

MNs in juvenile rat 58 

Figure 8. HVA Ca2+ channel (P/Q) immunolabelling in III and XII MNs 60 

Figure 9. Group I mGluR activation induces inward currents in neonatal III and XII MNs 87 

Figure 10. A Potassium conductance is involved in DHPG-mediated currents 89 

Figure 11. DHPG-induced currents in neonatal III and XII MNs are mediated by 

mGluR 1 receptors 90 

Figure 12. Group I mGluR activation induces greater inward currents in juvenile XII 

compared with XII MNs 92 

Figure 13. DHPG-induced currents in juvenile HI and XII MNs are mediated by mGluRl 

receptors 94 

Figure 14. DHPG does not modulate voltage-activated Ca2+ channels in juvenile MNs .... 95 

Figure 15. DHPG application is associated with increases in synaptic activity in III and 

XII MNs 96 

Figure 16. Effect  of  DHPG on miniature excitatory postsynaptic currents (mEPSCs) in 

neonatal XII and III MNs 98 

Figure 17. Immunohistochemical labelling for  mGluRla but not mGluR5 is present on 

III and XII MNs 99 

VII 




