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Below is a non-exhaustive outline of concepts that we discussed in class.  

The fundamentals of neuronal excitability

Nature of neuronal electrical signals
	Convey information over distances to other cells via synapses.
	Signals depend on changes in electrical potential of local membrane.
	Resting potential is the driving force behind neuronal signaling. 
		Understand the Nernst equation.
		Selective ion permeability results in electrochemical gradient.
High permeability of K+ results in negative resting potential.  Understand why this is.
		Understand the Goldman equation.
Be able to describe what would happen to resting potential under different salt concentration conditions.
Know, in general, where high sodium and high potassium are  (i.e. direction of ion flow following channel opening).
	Action potential basics.
Positive potential arises transiently from net flow of Na+ into cell.
Depolarization in potential followed by rise in K+ permeability.
	This is due to the voltage gating of some K-channels.
Repolarization of cell (with AHP).
All or none response.  Like a runaway chemical reaction.
	

Properties of action potentials
	Movement of AP explained by transiently changing Na+ and K+ permeabilities.
	Understand passive membrane properties.
	Understand myelin and the role it places in AP propagation.
Be able to predict what might happen if suddenly the extracellular solution was changed to low sodium.
	AP propagation 
		Occurs along axons 
		Is initiated by voltage gradient b/w active and inactive axonal regions


Ion transporters and Ion channels
	Complementary function to maintain and make use of electrochemical gradient
	Transporters: 
Generate concentration gradients.
Use hydrolysis of ATP or co-transport to maintain potential.
	Channels:
Are integral membrane proteins.
Use concentration gradients to generate electrical signals.
		Responsible for voltage-dependent conductances.
		Open and close ion-selective pores in response to voltage.
		Single channels can be detected using patch clamp methodology.
		Macroscopic current is coordinated opening of many single channels.
		Have highly conserved structures (K+ selectivity filter, V-sensor).
		Sensitive to some toxins
			These toxins can be very useful as pharmacological tools
		Other sensors – ligands, 2nd msgrs, heat, stretch can open channels
		Homo vs. Heteromultimeric channels 
			Arise from different genes
			Produce a wide range of (or fine tuned) phenotypes

Na+ channel activation and inactivation kinetics
		Influence on action potential initiation.
	K+ channel activation (and inactivation) kinetics
		Influence on action potential shape, etc.


Electrophysiology basics

Voltage clamp
		Feedback circuit – control and measure Na+ and K+ movement.
		Simple setup and great for macroscopic VGIC and LGIC studies.
		Great for squid giant axon, or more contemporarily, Xenopus oocytes.

Patch clamp
		Single electrode on cell, ground electrode in bath.
		Relatively simple setup,
.		Exquisite sensitivity (range from whole neuron to single ion channels)
	Different patch types:
		Cell attached
			Monitor or evoke synaptic communication.
		Inside-out
	Good for voltage-gated ion channel studies or ligand-gated ion channels with an intracellular binding site.
		Outside-out		
Good for ligand-gated ion channels with an extracellular binding site.
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