Systems Biology BME 105 (Spring 2008)

Part II
PBL II
Out of 15 pt
1. You are studying a monolayer of intestinal epithelial cells.
a) (2pt) You inject a dye that has molecular weight of 1000 Da into one cell and notice that all cells in the monolayer become fluorescent. You are certain you did not spill any of the due onto the cells. How did it spread to the other cells?

The dye spread through gap junctions.

b)  (1pt) What would you see with a dye whose molecular weight was 10,000 Da?

You would see the dye in one cell only since molecules larger than 1200Da cannot pass through gap junctions. 
c) (1pt)You add the 1000 Da dye to the bottom of the monolayer. It fills the space below and in between the sides of the cells, but does not spread into the media above the cells.  What is the correct name for the space below and to the sides of the cells?

Baso-lateral (basal side and lateral side also OK)

d) (1pt) What type of junction keeps the top and the bottom regions separate?

Tight junctions.

e) (1pt) What property of epithelium is conferred by desomosomes?

Desmosomes are cell-cell junctions. They involve intermediate filaments. As a result desmosomes and IF form an internal structural framework of the tissue and they transmit shear force.
f) (1pt) What property of epithelium is conferred by adherens junctions?

Adherens junctions link the plasma membrane to circumferential belt of actin and myosin filaments. This belt serves as a tension cable that braces the cell and controls its shape. This belt is responsible for circumferential force generation.

g) (2pt)You inject labelled actin into cells of a fully formed epithelial layer. You then wait 10 min before looking at the cells.  Will the microvilli be labelled? Explain.

No, since cells from a fully formed epithelial layer have microvilli that consist of relatively stable actin, you would not expect labelled actin to be incorporated in such a short amount of itme. 

2. During contraction Ca2+ constantly enters muscle cells from the exterior through Ca2+ channels and it is constantly exported by a plasma membrane Na+/Ca2+ anitporter, which transport 3Na+ ions inward in exchange for one Ca2+ outward. 

a) (3pt) You are studying a patient with muscle problems, and upon examination you observe that his leg muscles express only a mutant Na+/Ca2+ antiporter which transports 2Na+ ions inward in exchange for one Ca2+ outward. What effect will expression of this mutant protein have on the concentration of Ca2+ in the cytosol-will it be normal, above normal or below normal. Explain your answer. 

Antiporters couple the unfavourable movement of one type of ion against its concentration gradient with the favourable movement of another ion down its concentration gradient. In other words, the energy from moving Na+ down its concentration gradient is the energy that pushes Ca2+ up its concentration  gradient.  Note that the movement of 3 Na+ ions is required to power the export of one Ca2+ ion against the greater than 10,000 fold concentration gradient between the cell interior and the cell exterior.   
If only two ions of Na+ are moved, there will be less energy generated. This energy will not be sufficient to efficiently move the Ca2+ against its concentration gradient. If Ca2+ is getting exported less efficiently, but it cans till enter the cells by Ca2+ channels, the Ca2+ concentration in the cytosol will be above normal.  If Ca2+ ATP-ase in this patient is able to make –up for this defect (i.e. there is a lot of ATP available) then the Ca2+ may remain the same.

b) (3pt) You are studying a different patient with different muscle problems, and upon examination you observe that his leg muscles express only a mutant Na+/Ca2+ antiporter which transports 3K+ ions (no sodium) inward in exchange for one Ca2+ outward. What effect will expression of this mutant protein have on the concentration of Ca2+ in the cytosol -will it be normal, above normal or below normal? Explain your answer.

This is impossible.  The anitporter has to use energy of downhill transport of one ion to move the other one uphill. The concentration of K+ are higher inside the cell, thus to transport a K+ from the extracellular space into the cell, the ion has to move against its concentration gradient. Thus, in this case both K+ and Ca2+ would be moving against their gradients! Both of these movements would require energy. Since there is no energy being produced, the transporter simply will not transport any ions.  No Ca2+ will be moved out of the cell, so the Ca2+ in the cell will be above normal.  (Ca2+ will still enter the cell by the Ca2+ channels.)
