Neuroscience 26     “Ionic and electrical state of cells”  worksheet     

The fluid inside cells has a different composition from the fluid outside the cell.  Also, the cell membrane is electrically charged: the inside is negative relative to the outside.  

We believe that this ionic and electrical situation arises because (1) a neutral pump moves potassium ions (K+) from the outside to the inside of the cell, and sodium ions (Na+) from inside to outside; and 
(2) the cell membrane is very permeable to potassium and chloride ions but not very permeable to sodium ions.

To see how the neutral pump and the selective permeability give rise to the charge on the membrane, we’ll start with a cell that has equal concentrations of ions both inside and outside, and gradually build up the concentration and charge differences.

Let’s say that initially the concentration of Na+ is 30 times higher than the concentration of K+ both inside and outside the cell.  Also, let’s say the membrane is 50 times more permeable to K+ than to Na+.

Now we “turn on” the neutral pump.  Let’s say that in the first one second, 10,000 Na+ ions are pumped ______(in/out) of the cell, and ___________K+ ions are also pumped ________(in/out).

This gives rise to small concentration differences of these ions.  Now, the concentration of sodium outside the cell ([Na+]o) will be slightly _____________(lower/higher) than the concentration of sodium inside the cell ([Na+]i).  In addition, [K+]o will be slightly _____________ (lower/higher) than [K+]i.

Ions flow from where they are in higher concentration to places of lower concentrations, so some of the pumped ions will diffuse back to their original sides of the membrane.

This “back diffusion” will depend on the _______________________of the membrane to the ions involved, and on the size of the _______________________differences across the membrane.

Since the concentration of K+ is only ______________(what fraction?) of the concentration of Na+ both inside and outside the cell, the 10,000 K+ ions brought inside the cell by the pump will cause an ____________ (increase/decrease) in the inside potassium concentration which is _______________ times as great as the _________________ (increase/decrease) in the inside sodium concentration resulting from the 10,000 sodium ions that were pumped out of the cell.

Even if the concentration differences caused by the ion movements were equal, more K+ than Na+ would tend to diffuse because the membrane is ____________ time more permeable to K + than to Na+.

(Over)

Considering the effects of both concentration and permeability together, the back diffusion of K+ ______(into/out of) the cell will be ___________ x ____________ = _____________ times as great as the back diffusion of Na+ _____________(into/out of) the cell.

Suppose that at the end of 1 second, a single Na+ ion has diffused back in.  Then, by the above calculation, ___________K+ ions will have diffused out.

Hence there has been a net movement of ___________ positive charges _________ (into/out of) the cell.  This will tend to make the outside of the membrane somewhat ____________ (positive/negative) with respect to the inside.

However, some of these charges will be cancelled out by the movement of chloride (Cl-) ions.  Cl- ions will be attracted ________ (in/out) by the charge on the membrane.

Say 1490 Cl- ions move out.  This leaves a net total of ______ positive charges on the ___________ (inside/outside) of the membrane, and an equal ________ negative charges will line up on the ____________(inside/outside) of the membrane opposite to the positive charges.

This charge separation across the membrane shows up as a “voltage” or membrane potential.

In the next second, another 10,000 Na+ charges will be pumped ______ (in/out) and another 10,000 K+ ions will be pumped _______(in/out).   

This time the back diffusion of Na+ will be ______________ (helped/hindered) by the slight excess of Na+ on the ______________(inside/outside) which resulted from the pumping during the previous second.

The back diffusion of Na+ will be further _________________(helped/hindered) by the attraction of the negative charges on the ________________(inside/outside) of the membrane.  Hence more Na+ will back diffuse in the 2nd one-second interval than in the first one second.

Eventually, a steady state will be reached in which 10,000 Na+ ions diffuse back ________(in/out)  for every 10,000 that are pumped _______(in/out).

Considering potassium, the buildup of K+ inside the cell will __________ (help/hinder) back diffusion, but the charge on the membrane will ___________(help/hinder) it.

Still, because of the high permeability of the membrane to potassium, eventually a situation will be reached in which 10,000 K+ ions will diffuse _______(in/out) for every 10,000 that are pumped _______(in/out).

So, finally we arrive at a “steady-state” situation in which the cell has a high potassium concentration inside and low potassium concentration outside, a high sodium concentration outside and low sodium concentration inside, and a membrane that is positively charged on the outside and negatively charged on the inside.

