Biology 121- Cell Physiology

Sample Exam
Hao Nguyen

Name:  ____________________

NOTE:  No abbreviation.  Be thorough.  Be specific and to the point.


Answers to the best 4 of 5 questions will count toward your exam grade.
1.
Please, explain how and why the ancient eukaryotic cell evolved to develop the mitochondrion.  Also, 


discuss any advantage and/or disadvantage of the presence of this extra organelle in the cell.

NOTE:  Be thorough and specific.  Include any molecule, structure, process, condition, and/or location that 

are related to the discussion.  (25 points)


The ancient eukaryotic cell gradually became physically bigger and functionally more complex, but remained anaerobic, which meant that it was not able to produce sufficient amount of energy (mainly in the form of ATP) to function efficiently.  It constantly underwent endocytosis to acquire (hopefully) lots of nutrients.  Ancient prokaryotic cells, which were aerobic, were very often endocytized.  There may have been occasions when the prokaryote was not digested by the ancient eukaryote's machinery.  The eukaryote found that these aerobic prokaryotic cells were very useful because they were much more efficient in converting glucose into usable forms of energy (i.e. making a lot of ATP from one molecule of glucose).  The prokaryote benefited from the eukaryotic host cell's protection from the harsh extracellular environment.  Therefore, a mutual symbiotic relationship was built between these two cell types forming the precursor to our present day eukaryotic cells.
2.
You are trying to view a sample of nicely-stained colon tissue on a glass slide under the low power objective 


lens (10X) of a compound light microscope.  You want to bring a particular area of interest on the tissue into 


focus, but ran into a couple of problems.  The first problem is that you can't see the image of the area of 


interest because it's way too small.  The second problem is that this area doesn't focus very well, despite 


adjustment using both the coarse and fine adjustment knobs.  Please, describe everything that you can and 


would do to be able to view this area of interest at the preferred magnification and resolution and explain 


why (That is, what is the purpose of each change that you'd make).  (25 points)

Hint:
a)
this miscroscope has four objective lenses (10X, 20X, 40X, and 100X)



b)
Use the mathematical definition for resolution:

 




  


  0.61 








D = 
(n) (sin 

To increase the magnification (i.e. make the image of the object larger), I would use higher power objective lenses (20X, 40X, or 100X).

To improve the resolution, I would use the 100X objective lens to increase the angle  (which, in turn, increases the value of sin and decreases the value of D).  I would also use oil (at the 100X objective lens) to increase the refractive index (n).  The idea is to decrease the value of D, which correlates to the improvement of the resolution.
3.
Consider a eukaryotic cell culture that has survived through the period called “crisis.”  This culture of cells is 

called a Cell Line, which is very different from a Cell Strain.

a.
Please, describe one possible advantage of using a Cell Line for experimentation versus a Cell Strain.  



Also, explain why this is an advantage.  (10 points)

Cells in a Cell Line can undergo indefinite number of cell division (doubling), whereas, cell in a Cell Strain can undergo a limited number of doubling.  This is an advantage because, in theory, you may use the same cell line for as many experiments as required through as many years as necessary without the fear of cells undergoing "crisis" and all the cells are essentially monoclonal.  This will reduce at least one variable from your experiments.  However, in reality, there is always (and very likely) the possibility that these cells in a cell line will undergo further spontaneous mutations.  

b.
You want to study the transport of insulin into cells from patients with diabetes.  You find that both a cell 



strain and a cell line are available to be purchased and used for your study.  Please, indicate which type 



of cell culture would you use and describe/explain why this type of cell culture is preferred over the 



other.  (15 points) 


I would use the cell strain, not the cell line in my study.  A cell strain, in theory, retained all the phenotypes/characteristics found in the original tissue at the time of resection from the animal without additional mutations or alterations.  Therefore, I want to use cells that have all the characteristics of tissues from a diabetic animal.  I would not want additional alterations, which should not be indicative of the original tissue.  Cells from a cell line will definitely have acquired additional alterations, which allowed them to survive crisis.
4.
A cell just finished undergoing DNA synthesis and no longer requires the function of the DNA polymerase 


(the major enzyme that catalyzes DNA replication).  It [the DNA polymerase] needs to be transported to the 


appropriate place (the lysosome which is found in the cytoplasm) within the cell to be disposed of.  


However, this particular cell expresses a mutated form of karyopherin, which is incapable of recognizing 

nucleoporins or any proteins that are associated with the nucleoporins when it [the karyopherin] is located in 

the nucleoplasm.  The good news is that this cell can still express normal Ran-GTP to provide a source of 

energy for the karyopherin.

a.
In this scenario, this cell would like to transport the DNA polymerase from where to where?  Please, be 



specific about the locations.  (10 points)

This cell would like to transport the DNA polymerase from the nucleoplasm to the cytoplasm, then into the lysosome after DNA synthesis.

b.
Can this cell actually transport the DNA polymerase to its destination?  If YES, please describe all the 


steps that are involved in the transport of this protein.  If NO, please explain why not.  (15 points)

No.  The karyopherin will recognize and bind to the DNA polymerase and will want to move it across the nuclear membrane into the cytoplasm.  Ran-GTP will be present to bind to the complex and provide the required energy in the form of GTP.  However, an important step for this whole process is the recognition of nucleoporins, which act as a gate in the nuclear pore, by the karyopherin.   Without this recognition, the entire complex will not be allowed to cross through the nuclear pore into the cytoplasm.

5.
A hypothetical cell expresses a mutated form of Na+-channel that closes too fast (That is, this channel does 

not open long enough to allow sufficient Na ions to cross the plasma membrane when required.).

a.
Would this mutation affect the creation of the resting membrane potential?  If YES, please describe 



how.  If NO, please explain why not.  (12.5 points)

No.  The creation of the resting membrane potential only involves the K+-leaky channels.  K ions constitutively (or continuously) leak from the cytoplasm of the cell into the extracellular environment, making the area immediately inside the plasma membrane (cytoplasm) more negative than the area immediately outside the plasma membrane (extracellular environment).

b.
Would this mutation affect the maintenance of the resting membrane potential?  If YES, please describe 



how.  If NO, please explain why not.  (12.5 points)


Yes.  The inability of the Na+-channel to allow sufficient Na ions to enter the cell may affect the maintenance of the resting membrane potential.  Na ions need to flow into the cell when the membrane potential falls below the normal resting membrane potential (i.e. more negative than normal).  The insufficient flow of Na ions may cause a delay in the ability of the cell to bring the membrane potential back to the normal range/level.  Either more Na+-channels will need to be activated or the resting membrane potential will be perpetually altered since K ions will surely continue to leak at the same rate.






