Cellular Neuroscience N207 - Learning Objectives

 Electrophysiology of neuron membranes and ion channels 
(Parker)

At the completion of this section students should have gained intuitive and quantitative understandings of how the resting membrane potential of neurons is generated, and how the membrane potential is regulated by the openings of voltage- and ligand-gated ion channels. Students will be expected to know and understand each of the topics listed below, to solve numerical examples, and to apply this knowledge to analyze experimental data from electrophysiological experiments. Assessment will be in the form of in-course take-home quizzes as well as a final exam.

Lecture 1, Introduction to electrical concepts

· Ohm’s Law; voltage, current, resistance
· Other electrical concepts; charge, conductance
· Circuits with resistors in series and parallel; potential dividers
· Capacitance; factors determining the capacitance of a capacitor
· Charging of capacitors; time constants of RC circuits; high- and low-pass circuits

Lecture 2, Passive electrical properties of membranes

· Structure of cell membranes, electrical properties
· Concepts of specific membrane capacitance and resistance
· Input resistance of a cell
· A neuron as a passive RC circuit
· Passive electrical transmission, cable properties of axons, space constant
· Dependence of space constant on diameter and other properties of an axon

Lecture 3, Origin of the resting potential  

· Diffusion as a random walk process
· Diffusion potentials arising from selective movement of ions across a membrane
· Concept of the equilibrium potential; Nernst equation to predict equilibrium potential
· Ion concentration gradients across cell membranes; selective permeability to K+ as primarily determining the resting potential
· Goldman equation for membranes permeable to more than one ion
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Lecture 4, Ion channels and how to record from them

· Ways of looking at ion channels; molecular structure, physical structure, electrophysiological properties
· Generic properties of single channel gating and ion conductance
· Channel conductances, I/V relationship
· Patch clamp technique for recording single-channel currents
· Analysis of patch clamp records to determine single channel kinetics and conductance

Lecture 5, Voltage-gated ion channels

· Diversity of voltage-gated channels, categorization by ion selectivity and gating properties
· Relationships between single-channel and whole-cell currents as exemplified by voltage-gated Na+ and K+ channels
· Mechanism of voltage-dependent activation, gating charge movement
· Channel inactivation mechanisms, ‘ball and chain’ model for Shaker K+ channel inactivation

Lecture 6, Ligand-gated ion channels

· The nicotinic ACh receptor at the nerve-muscle junction as an exemplar of a ligand-gated ion channel
· Pentameric structure of the nAChR with two ACh binding sites, and consequences for concentration-dependence of channel gating
· Analysis of single-channel kinetics to derive Hill coefficient
· A simplified model of nAChR channel gating to explain kinetic parameters of channel open and closed time distributions



The action potential and synaptic transmission 
(Lur)

At the completion of this section students should have gained understanding of how excitable membranes generate the action potential, how synaptic transmission occurs in general and specifically for excitatory and inhibitory synapses that involve ionotropic and metabotropic receptors. Each lecture will include historical background that demonstrates the evolution of concepts and thinking about nerves and synapses. Students will be expected to know and understand both general concepts and important details each of the topics listed below. Assessment will be in the form of a final exam.

Lecture 7, Action potentials

· Resting potential, equilibrium
· Action potential
· Voltage-gated membrane currents

Lecture 8, The Hodgkin & Huxley Axon

· Membrane permeability during the action potential
· Action potential threshold
· Action potential propagation

Lecture 9, Chemical synapses, quantal transmission

· Electrical synapses and transmission
· Chemical synapses
· Quantum hypothesis 

Lecture 10, Ca2+ and neurotransmitter release, EPSPs and IPSPs

· Miniature end plate potentials
· Quantal analysis
· Calcium requirement for synaptic transmission
· Fast (ionotropic) EPSPs
· Ionotropic IPSPs
· Residual calcium hypothesis 

Lecture 11, Slow synaptic potentials

· Metabotropic receptors and slow synaptic potentials
· Neuromodulation 

Lecture 12, Synaptic integration

· Integration of multiple inputs at synapses
· Spatial summation of inputs
· Temporal summation of inputs 
· 


Neurotransmitters, neurotransmitter receptors and second messengers 
(Sumikawa)

At the completion of this section students should have understandings of the basic mechanisms of synaptic transmission, controlling neuronal signaling, and synaptic plasticity. Main learning objectives for each lecture are listed below.

Lecture 13, Neurotransmitters

· Changes in synthesis, storage, release, action, and removal can either increase or decrease synaptic potentials
· Synthesis, storage, and removal require specific proteins (enzymes and transporters), some of which are specific markers for identification of cell types
· Transporters function to store or remove neurotransmitters	
					      
Lecture 14, Molecular mechanisms of vesicular release 		

· Vesicular neurotransmitter release requires unique proteins
· Synaptic potentials can be modulated presynaptically
· Presynaptic ion channels and neurotransmitter receptors are involved in modulating synaptic potentials

Lecture 15, Neurotransmitter receptors

· Neurons produce synaptic signals by controlling the flow of ions through postsynaptic neurotransmitter receptors
· Neurotransmitter receptor channels have two important properties: they are ion-specific (Na+/K+, Ca2+, or Cl-) and regulated
· Neurotransmitter receptor function can be regulated by voltage, external ligands (neurotransmitters), internal ligands (second messengers), phosphorylation, and protein-protein interactions
	
Lecture 16, Second messenger pathways  #1

· Many G protein-coupled receptors (GPCRs) can activate multiple G proteins
· GPCRs enable activation of different second messenger pathways dependent on coupling of receptor subtype
	
Lecture 17, Second messenger pathways  #2

· Ion channels, ligand-gated and G protein-coupled receptors activate signaling pathways to produce second messengers
· Second messengers regulate the activity of second messenger-dependent protein kinases

Lecture 18, Synaptic plasticity

· Second messenger-dependent protein kinases regulate ion channels and receptors
· Ion channels, ligand-gated and G protein-coupled receptors regulate protein phosphorylation
· Phosphorylation is important mechanisms for modulating receptor function/number, and thereby neuronal function
			


