The Nervous System- Electrical Signals

Review of  Resting Membrane Potential:

3 factors contribute to net charge of –70 mv across the cell membrane (+out/-in)
1) 75x more K+ leaks out,  than Na+leaks in
2) Na+/K+ Atp’ase pump pumps unequal ratio 2 K+ pumped back in for every 3 Na+ pumped back out
3) proteins & phosphates large, negative charges, stuck inside cell membrane

Excitable cells

Nerve and muscle cells- can generate and propagate electrical signals

all cells able to establish RMP

Definitions

Depolarization- difference between inside and outside (potential difference) decreases

measured potential becomes more positive

hyperpolarization- potential difference increases

measured potential becomes more negative

repolarization- return to normal membrane potential from either direction

overshoot- portion of membrane goes over 0 mV due to depolarization

Ion Movement across the cell membrane creates electrical signals

Principal ions

Action potential

Na+ 
influx depolarizes cell

K+ 
efflux repolarizes cell

Release of neurotransmitter

Ca+ 
influx triggers exocytosis of neurotransmitter

Inhibition

Cl- 
influx hyperpolarizes the cell

How do they get across? Gated Ion Channels

Na+ Gated Channels

· mechanically gated- open in response to physical forces (pressure, light)

· chemically gated- open in response to ligand binding (acetylcholine)

· voltage gated- open in rewsponse to depolarization

K+ Gated Channels

· voltage gated, open in response to depolarization

Ca+ Gated channels (@axon terminal)

· voltage gated, open in response to depolarization

Cl- gated channels

· chemically gated, open in response to ligand binding

Graded Potentials

· Depolarization (opening Na+ channels) or hyperpolarization (opening K+, or Cl- channels) occurring in dendrites or cell body

· amplitude reflects stimulus intensity

· depolarization wave = local current flow

graded potential travels through neuron until reach trigger zone region (integration center)

Threshold = -55mV

I. Graded potentials reaching threshold @ trigger zone initiate AP

II. Threshold not reached, graded potential dies out, no AP produced

III. Summation of graded potentials can occur

· spatial-adding simultaneous graded potential occurring @ different location
· temporal-two sequential subthreshold stimuli can be summed if close enough in time
What happens @ threshold that causes an action potential???????Opening of voltage gated Na+ channels!!

Action Potential

·  identical to one another

·  don’t diminish as move down axon

·  all or none principal

·  frequency of AP’s reflects stimulus intensity

as opposed to graded where size reflects stimulus intensity
Action Potential

3 phases: rising, falling, after-hyperpolarization

1. Rising:

due to temporary increase in Na+ permeability (in)

depolarization > voltage gated Na+ channels open > Na+ flows into ICF, further depolarization > membrane potential reaches 0 mV, Na+ no longer driven in by electrical potential but movement continues because of concentration gradient >
AP peaks +30 mV, voltage gated Na+ channels close

2. Falling phase:

due to increase in K+ permeability (out)

Voltage gated K+ channels open >
K+ moves into ECF down electrochemical gradient >
K+ efflux drives membrane potential diffference more negative, toward resting potential>
membrane potential hyperpolarized as K+ channels close, heading toward -90 mV

3. After-hyperpolarization (undershoot):

due to extra K+ efflux

gated K+ channels close, permeability returns to resting membrane levels > 

K+ redistributes slightly, bringing membrane potential to resting value of -70 mV

Summary of Events:

ligand gated Na+ channels open
 voltage gated Na+ channels open -50 mV
voltage gated Na+ channels close +30 mV & voltage gated K+ channels open

voltage gated K+ channels begin to close at –70 mv, close slowly

Refractory Period

Time after first AP when impossible or difficult to initiate second AP

absolute- 

Na+ channels closed, K+ open no Na+ movement

prevents summation of AP’s

relative-  

Na+ channels reset, K+ channels still open

stronger than normal depolarizing stimulus required for AP

Na+/K+ ATP’ase pump

·  No direct role in AP 

·  very few ions moved overall 

ion concentration relatively unchanged

· allows rapid successional firing of AP’s

·  if poisoned, can continue firing AP’s short time

role is in establishing overall concentration gradient
Conduction of AP

· movement of AP along axon @ high speed

· forward flow only (refractory period)

· sequential opening of voltage gated Na+ channels

· same sequence of events as w/initial AP

current=flow of + charges to - charges

(opposite charges attract)
Events @ End of Axon

·  Voltage gated Ca+ channels open 

·  Ca+ influx into cell

·  triggers exocytosis of vessicles containing NT’s

·  Neurotransmitter release X synapse

