MCB 160 / Fall 2006


Introduction to Neurobiology


Problem Set #2 Solutions
1. When recording under voltage clamp, why are the measured Na+ currents outward at the command potential of 100mV? 

a. At 100mV there is more Sodium inside the cell than outside. 

b. b. At 100mV Sodium ions flow out of the cell down their electrochemical gradient. 

c. This is an artifact caused by damage to the cell membrane when it is depolarized beyond about 80mV. 

d. At very strongly depolarized potentials, Sodium channels do not exhibit inactivation. 

B

2) Mark True or False: 

a. Poisoning the Na-K ATPase pump in a neuron would lengthen the refractory period. 
FALSE. The refractory period is explained by the inactivation of voltage-gated Na channels and the delayed opening of the voltage gated K+ channels. The Na-K ATPase, is responsible over the long term for maintaining the concentration gradients of these two ions, but blocking it would not have a noticeable effect immendiately and as time passed, there would be both a decrease in the peak value of the action potential and a slow down of both the rising phase and the falling fase. The refractory period would not be significantly affected.

b. Oligodendrocytes secrete the myelin that surrounds the neurons in the peripheral nervous system. 
FALSE. For two reasons: 1) Oligodendrocytes myelinate central nervous system neurons, in the peripheral nervous system, Schwann cells are responsible for myelination.  2) Oligodendrocytes provide the myelin to the neurons in the central nervous system not by secreting myelin, but by surrounding the axons themselves.  

c. While action potential conduction is in ‘jumps’ (Saltatory Conduction) in myelinated axons, conduction in non-myelinated axons is continuous. 

TRUE. 

3) What properties of a neuron determine the space constant? What adaptations make it smaller?

The space constant is the length in the fiber from the site of current injection to when the voltage has decayed to 37% of its initial value. 

It can be calculated as: 

Space constant=(Rm/Ri)1/2 

Where Rm is the membrane resistance and Ri the axial or internal resistance (i.e. the resistance of the intracellular space to the flow of ions). The space constant is a good measure of how fast or slow will current flow though an axon. (the larger the space constant, the faster the conduction). There are at least two ways of increasing the space constant: 
• By increasing Rm, which means, making the cell membrane less permeable to ions. (This is what happens in myelinated axons, for example. So myelination increases the conductance speed) 

• By decreasing the Ra (also called Ri or internal resistance). This can be done by increasing the axon’s diameter.
4) The absolute refractory period during an action potential is caused by ______ whereas the relative refractory period is due to ________. 

Na+ channel inactivation; increased K+ permeability relative to the resting state.
