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PRE NOTES
Action Potentials: at axon hillcok (trigger zone)
All or none, don’t degrade over time once reach threshold. 
Self propagating, AP triggers next adjacent AP.
Vertebrate neurons get myelin
Ion entry -) electroTONIC current spread -) triggering AP
Myelin
· Formed by glial cells (shwann cells in PNS, oligodendrocytes in CNS)
· Nodes of Ranvier: exposed, high density of voltage gated channels. Where AP occurs
· Saltatory conduction = insulation
· Saltatory conduction – jumps from one node to another (happens in insulated neurons)
AP Modulation
· Max frequency is determined by the RELATIVE refractory period. If the intensity of the signal is high enough, you can still fire another signal (you can’t in absolute refractory period)
· AP vary in shape and speed.between neuron types and btwn species.
· WHAT CAN FACILITATE THIS MODULATION OF AP!? _____________
· Voltage-gated channels aren’t all built the same
· Neurons don’t all express the same panel of channels
· Quantity of channels isn’t constant.
Diversity in Signal Conduction
· If many genes produce many channels, a signal response will be different (may open faster, close faster, etc)
· K+ channels encoded by 18 genes---produce 50 DIFFERENT ISOFORMS
· 11 isoforms of Na+ channels
· Isoforms affect speed, recovery, etc.
· High density lowers threshold required for firing
· High density shortens relative refractory period btwn firing

K+ channels
· Delayed rectifier. Opens and closes slowly
· M channel regulated by neurotransmitters
Na+ Channels
· Response to pain. 
· One is quick to return to open state after AP is complete (CNS)
· One is slow time to open and ready to act again (PNS)
· They can cause resurgent currents
· Signal comes in, membrane goes into response/changes permeability -) channels open, flow, close channel, ready to act again. (this is normal)
· A subunit of the channel itself (on some isoforms) that blocks the channel in an open conformation so the channel is open but lets nothing in? You see an incomplete hyperpolarization and surge in current.
Ca+ Channels
· Important in heart (cardiac muscle cells)
· Slow to open (depolarization is not as quick or intense as in sodium)
· Stays open longer than Na+ channel
· Has longer regractory phase
· Also seen in muscle cells
Electrical Circuit of the membrane
· 
· Three resistors: Extracellular fluid (Re), the membrane (Rm) and the Cytoplasm (Ri)
· Capacitor (Cm) sotres electrical charge; two conducting materials (intracellular fluid and extracellular fluid) and an insulating layer (phospholipids)
· Conduction with decrement (graded potentials)
· Intracell fluid: higher res, Ri -) Increases decrement
· Extracell fluid: higher Res, Re -) Higher decrement (more graded-ness)
· Membrane: Higher res, Rm -) LOWERS decrement (decreases the graded-loss so more like ap)
· K+ channels always open (leakage) – so +ve charge leaks out.. decreases current down axon
· Less K+ leaky channels -) lowers +ve charge leak out -) high membrane resistense (lowers decrement)
Length Constant (lambda)
· Lambda is largest when Rm (membrane res) is HIGH and Ri (cytoplasm res) is low. 
· Shorter axon requirs less energy for AP to reach threshold.

Conduction Speed/Res
· Electrotonic current is faster than AP generation
· Electrotonic is graded so short distances only
· Greater I -) more electrotonic current flow -) AP’s produced with less delay -) faster speed of conduction
Time Constant
· Response time of membrane potential to signal input
· 1-100msec, about 20msec in neurons

High Conduction
· Squid has one giant axon that controls the in and outflow of water of the head which these contractions propel the squid and it’s why it moves.
· Rm is inversely proportial to surface area. High diameter -) High Surface Area -) More leaky channels -) LESS resistance
· Ri is inverssely proportional to volume. High Diameter -) High volume -) lower resitance
· Low Rm -) low lambda -) low conduction speed
· Low Ri -) High Lambda -) High conduction speed
· Rm is proportional to (1/radius) and Ri is prop. (1/(radius)squared) so don’t cancel eachother out
· SO: Higher radius-) higher lambda -) higher conduction speed
Evolution
· Myelin to compensate, expensive energetically, too much room
· Humans have smaller neurons because they would take up too much room.so evolution fed us Myelin. Faster conduction. 
· Myelin decreases membrane capacitance (increases thicknes of insulating layer, reduces capacitance, and therefore lowers time constant)
· Myelin increases membrane resistance (insulators decrease current loss through leak channels, increasing length constant)_
· Nodes of Ranvier boost depolarization
Glial Cells
· Glial cells are like the glue of neurons
· Help for neurons to rest on, and help in scaffolding
· 90% of brain cells
· Shwann, Oligodendrocytes, Astrocytes, Microglia, Ependymal.
· Astrocytes work hand in hand with neurons at the axonal terminus (synapse) to respond to those signals (electrical response) will be involved in gap junctions, when enurotransmitters are involved astrocytes are essential to release neurotransmitters or uptake, and then modulate the reponse. For the uptake they’re like janitors of the neurotransmitters and clean up the mess.
· Don’t generate AP (astrocytes)
· Have signaling roles (astrocytes via gap junctions)
· Uptake and release of neurotransmitters
· Help in physical support (scaffolding)
· Supply oxygen to neighboiring neurons
· Protect from pathogens and clean up debris following cell injury/death like MACROPHAGES
· Control neurotransmitter conc in synapse
Signal Reception
· Efferent Neurons
· Excitatory neurotransmitters
· Electrical signal
· Motor neurons
· Sensory Neurons
· Respond to Changes in pressure, temperature, light, sound., etc
· Trigger change in voltage-gated channels
· Flashing crustacean example
· Interneurons
· Relay between neurons
· Inhibitory neurotransmitters
· They’re the off-ramp on the highway... help switch from one to another
· Dampen the effect on a given population


