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Challenge Problem #5

1) Cell growth depends on nutrient uptake and waste disposal.  You might imagine, therefore, that the rate of movement of nutrients and waste production across the cell membrane would be an important determinant of the rate of cell growth.  Is there a correlation between a cell’s growth rate and its surface-to-volume ratio?  Assuming that the cells are spheres, compare a bacterium (radius of 1 μm), which divides every 20 minutes, with a human cell (radius 10 μm), which divides every 24 hours.  Is there a match between the surface-to-volume ratios and the doubling times for these cells? Explain why your results make sense.
There is a relation between a cells growth rate and its surface to volume ratio. The surface area of the small bacterium would be 4π and have a volume of (4/3)π. The surface to volume ratio would be 3/1. For a human cell, the surface area is 400π and have a volume of (4000/3)π. The surface to volume ratio would be 3/10. The bacterial cell would replicate faster and take in more nutrients because it has a larger surface area to volume ratio than a human cell. The human cell is larger and takes longer to get nutrients and to replicate, it is 10 times larger than a bacterial cell but it takes much longer for it to replicate. 
2) An adult human is composed of about 1013 cells, all of which are derived by cell divisions from a single fertilized egg.

a) Assuming that all cells continue to divide (like bacteria in rich media), how many generations of cell divisions would be required to produce 1013 cells?
X= the number of cell divisions.  2x = 1013
x (log2) = 13(log10)

x = 13(log10) / (log2)
x = 43.186

This would be 43 or 44 generations of cell division.

b) Human cells in culture divide about once per day.  Assume all cells continue to divide at this rate during development, how long would it take to generate and adult organism?
(44 generations) (1 day) = 44 days to generate an adult organism
c) Why is it, do you think, that adult humans take longer to develop than these calculations might suggest?  
These cells may divide this fast, but they are short lived. Cells die and new ones  have to be made to replace them. Also some cells in the body stop growing once they reach maturity like organ cells. Once the organ is done growing, those cells do not divide to make it bigger, they divide to replace the dead ones. 
3) Why do eukaryotic cells require a nucleus as a separate compartment when prokaryotic cells manage perfectly well without?
This separate compartment that eukaryotes is very beneficial because eukaryotic DNA is linear with telemeres at the ends. The nucleus keeps all of the DNA together and keeps the DNA from shortening too much when the metabolic processes are taking place. The compartment is a beneficial place (for example, humans are aerobic and live in a world “compartment” that is suitable for life). Prokaryotic cells do not need a separate compartment because they have circular DNA. This circular DNA is beneficial because it will not decompose as the metabolic processes take place. 
4) What is the fate of a protein with no sorting signal?

If a protein has no sorting signal, it will remain the cytosol and most likely be broken down by lysosomes. The lysosomes would break them down because they could be considered damaged. 
5) Is it really true that all human cells contain the same basic set of membrane enclosed organelles?  Do you know of any examples of human cells that do not have a complete set of organelles?  

Humans contain the same necessary basic organelle. Cells found in different parts of the body have different amounts of organelle like muscle cells. These cells have lots of microfilaments because these are used in stretching and the contraction of muscles. Cells like female ova only have a nucleus and mitochondria. The sperm cells do not inject mitochondria into female eggs, and this is why the mitochondria found in the body have the maternal DNA. 

