Neuroscience









Scribe: Rachel Garza

1/25/01










for McNeil & Sayago

10:00 & 11:00









Saved as: N012510 & 11

Dr. Nathan

Action Potentials and their Propagation

(formerly Passive Membrane Potentials and Action Potentials)

SN:  Dr. Nathan used a lot of slides to demonstrate his lecture.  Because of size limitations, these weren’t scanned in; but they should be in the library.  With the number of slides involved, the lecture was very choppy.  I apologize if this scribe is hard to follow.

Announcements:  Lab tomorrow from 1-5.  Attendance is strongly encouraged.  Groups I-Y at 1:00.  Groups A-H at 3:00

I. Basics of structure-function relationship.  (This will be discussed in more detail next week.)

A. Difference between Na+, Ca++ and K+ channels

1. There are transmembrane loopings of channel proteins, usually 6

2. Na+ and Ca++

a. 4 distinct domains (repeats) interconnecting, each made of 6 transmembrane proteins

b. Area between the 3rd and 4th loops is involved in inactivation

c. Domains “are fixed” and don’t allow variation of subunits

d. 4th transmembrane alpha helix is positively charged and is the voltage sensor for the channel opening

e. Between the 5th and 6th each loop comes together to form the pore of the channel

3. K+ channels are quite different

a. A single grouping of a 6 transmembrane segment

b. Channel made of 4 subunits which allows the channel to have variation

B. Function

1. When the inside becomes positive, the charges drive the S4 segments up and out to the outer side of the membrane.  Because the segments are connected to part of the pore, the pore opens.

2. Inactivation for Na+ channels

a. The connection between the 3rd and 4th loops moves and blocks the pore

b. This is a “ball and chain” type process

c. When the inside becomes less negative, the ball clogs the pore.  Although the pore is open it can’t conduct ions.

3. There are two possibilities for a pore opening:

a. limited area change, or

b. the whole pore opening

II. Properties of action potentials (which are important for neuronal firing)

A. Repetitive firing

1. A stimulus would be a current that produces postsynaptic potentials (primarily EPSPs) or in some type of receptor ending such as a stretch-receptor.

2. Mechanism:  ( stimulus = ( firing rate

3. Negative charge is on the inside of the membrane and positive charge is on the outside ( pore opens ( influx of ion ( positive charge on the inside ( negative charge neutralized ( depolarization ( threshold

4. A certain number of charges need to be neutralized to reach a threshold

5. If channel enlarges ( more influx of positive charge ( threshold reached quicker

6. You need to not just consider a single AP but repetitive ones

7. The frequency of firing is one of the main things sensed by the CNS

B. Refractory period

1. Absolute – no firing of AP no matter how great the stimulus 

a. K+ channels are still open after repolarization.  With a positive charge leaving it is that much more difficult to depolarize the membrane.  The threshold is more and more difficult to reach with successive APs

b. Threshold is effectively infinite.

c. Maximum firing of neurons is dependent upon absolute refractory period.  Neurons can typically fire 500/sec

2. Relative – can generate AP but amplitude is attenuated

a. Rate of rise is slower and threshold is elevated

b. Main reason for relative refractory period is that Na+ channels are inactivated during the first AP and require repolarization.  Time is required for recovery from the AP

c. Threshold potential – the potential at which the inward and outward currents are equal

1. If the membrane potential depolarizes at this level (or above) there will be a rapid rise in Na+.  This gives the upstroke in an AP

2. For the relative refractory period, there will be some inactivation of Na+ channels.  Na+ level 

rises more slowly

3. Membrane needs to be polarized to a more positive level such that Na+ current exceeds K+ current

4. What is really happening…Because of inactivated Na+ channels, you need to depolarize the membrane more than usual to open Na+ channels that haven’t been activated.

d. During relative refractory period, APs are still “all or none”  (All or none being that as long as the threshold is met there will be an AP)

C. Accommodation

1. The membrane is accommodating to the slower rising stimulus

2. If stimulus is slow rising, the depolarization is much slower and may not reach threshold.

3. A slow depolarization leads to inactivation.  The ball and chain take longer to plug and cause inactivation.  Rapid depolarization tends to open channels

4. Threshold is manipulated by speed of depolarization.  It will be elevated with a slow depolarization.

D. Depolarizing block

1. Is an extreme case of accommodation

2. Involves a change in the resting potential

3. Start with a very negative membrane potential.  As the resting potential is depolarized, the negative potential becomes smaller.  The number of open Na+ channels peaks with the most negative membrane potential.  The number becomes less and less and leads to a depolarization that repolarizes without an AP

4. There are too many inactivated Na+ channels

5. APs need a minimum number of Na+ channels

E. Question:  …amplitude is regardless of anything…?  Answer:  It is regardless of stimulus strength.

F. Question regarding resting potential.  Answer:  If the resting potential is –70 mV, going to –50 mV would be enough to prevent an AP

G. If you hyperpolarize you can open even more Na+ than there are at the normal resting potential.

III. Propagation

A. Unmyelinated

1. There are negative charges along the inner membrane.  Influx of positive charges causes a depolarization.  Depolarization is adjacent to AP

2. Once the AP leaves, that membrane will be refractory tissue.

3. Importance of that is that the AP only goes in one direction

4. You need to think about both time and distance

5. When ions come in, they don’t actually move but act to repel each other

6. It’s as if a single AP is propagating down the axon, but actually the AP is being regenerated at intervals down the axon.

7. Continuous movement down the axon

B. Myelinated

1. Myelin presents resistance so you do not have current flow through the myelin

2. There are voltage-gated Na+ channels on at the Nodes of Ranvier

3. Same AP process as with unmyelinated

4. Saltatory conduction – AP appears to jump

C. Determinants of AP conduction velocity

1. Axon/muscle fiber diameter (cytoplasmic resistance)

a. Large axon has more charge carriers

b. Large axon has less resistance = faster propagation

c. Velocity (m/sec) ( 6 X diameter ((m)

2. Myelination of nerve axons

a. A negative charge is on the inner surface; that charge needs to be neutralized to generate an AP

b. The capacitance of the membrane is a lessened attraction between positive and negative charges.  Therefore there will be fewer negative charges at myelinated surfaces.  Myelinated areas will have fewer charges than at the Nodes of Ranvier where capacitance is high

c. Capacitance has an inverse relationship to insulation (lipid bilayer is insulation)

d. Resistance is so high that the positive charge can’t leak out

e. Resistance and capacitance make myelinated axons conduct more rapidly

f. If there is an increase in the number of positive charges, the threshold will be reached more rapidly

3.  Na+ + and Ca++ influx - the velocity is proportional to Na+ or Ca++ influx

4. Body temperature

D. Ionic imbalance 

1. Hypoxia/ischemia – decreased pump activity ( ( Na+ inward ( ( gradient ( ( Na+ influx ( slower conduction

2. Hyperkalemia – inactivation of some Na+ channels reduces the conduction velocity

3. Hyponatremia – a decrease in the driving force for Na+ to come in causes a decrease in conduction

IV. Circuit components (SN: this portion was largely show & tell)

A. Resistors and capacitors are in parallel

B. Significant resistance inside with some resistance on the outside of the axon

C. If resistors and capacitors are in parallel the current can divide between the branches of the circuit.  This leads to a slow change in membrane potential across the ion channels

D. You will find an exponential rise of the membrane potential with time (as well as an exponential fall)

V. Time constant

A. Characterizes how rapidly the potential rises and falls

B. ( = membrane resistance X membrane capacitance

C. Time constant is the time it takes for the membrane to reach 63% of it’s final potential

D. Don’t concern yourself with all the calculations.  It is just showing how the 63% is determined.

E. Main thing to remember is ( = RmCm so that ( is directly proportional to either factor

F. We just mentioned a case where resistors and capacitors are altered – the myelinated region of the myelinated axon

G. Why worry about the time constant?

1. It tells you how likely there is to be temporal summation of postsynaptic potentials.

2. Multiply potentials can add together

3. If AP decay is very slow, you will get addition.  So the chance of reaching threshold will be great.

VI. Membrane Length

A. Decremental conduction

1. There is an end-plate potential (EPP) rather than an AP at the neuromuscular junction

2. There will be decrement in amplitude of EPP with distance from the source.

3. Remember the term decremental conduction (also called electrotonic spread)

4. The process is by the leakage of current across the membrane and is described by exponential decay

B. When a change in potential is 63%, the distance of the remaining 37% is the length constant

C. Resistance

1. There is membrane resistance and axial resistance (in the axon)

2. There is high resistance along the axon because the resistances are adding up.  Resistance is proportional to the axon length

3. Membrane resistance is much less in magnitude

4. Current comes in and will go the path of least resistance and flow out of the axon.

5. This explains the considerable leakage at the front of the axon

6. The length constant is proportional to the membrane resistance but inverse to the axial resistance

D. The equation is in the notes, but it is more important to know the relationship (given at #6)

E. Importance of length constant

1. Spatial summation

a. The length constant tells how rapidly the membrane potential decays with distance

b. EX:  a greater diameter leads to a slower decay of membrane potential.  The length constant is proportional to the diameter of the dendrite or axon because of less resistance

2. Effect on propagation of AP  - a reduced decay insures that the threshold will be reached at subsequent Nodes of Ranvier

F. Demyelinated areas

1. Demyelination slows the propagation of AP

2. If demyelination is over several internodes, the AP conduction can be blocked.

3. Multiple sclerosis has this type of mechanism (either slowing or blockade)

VII. Techniques for defining voltage dependence of ion channel conductance

A. Patch-clamp

1. Used to characterize the conductance of a single ion channel

2. Pipette is pressed against the cell body and suction is created.  

3.  The membrane potential can be measured between the inside and outside or a current can be passed that flows across the membrane.

4. A voltage clamp will hold the potential constant

5. You can apply different membrane potentials and characterize the currents that flow.

6. Advantage is that one can look at the channels through the extracellular and intracellular sides.

7. Objective:  characterize the voltage-dependence of a membrane's conductance and the voltage dependence of a channel’s kinetics (opening, closing, probability of opening, etc..)

B. In experiments to stimulate peripheral nerves, the larger axons are excited first because of more electrolytes and less resistance.   The smaller axons have higher resistance.




