Challenge Problem Set #5
1. Yes, there is a correlation between a cell’s growth rate and its surface-to-volume ratio.
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The bacterium has a greater surface area to volume ratio.  It can stretch its plasma membrane faster to accommodate the space for the extra organelles.  It will not require a lot of time to replicate, which makes sense given that it only takes 20 minutes to replicate.  The human cell has a smaller ratio.  Its plasma membrane will take longer to stretch to make extra space.  Since it will take longer, it makes sense that it takes 24 hours to replicate. Also, the surface-area-to-volume ratio is crucial in determining how fast nutrients enter the cell.  The larger the ratio (as in the case of the bacterium), the faster the nutrients can enter.  Thus, the bacterium will be able to acquire its nutrients faster, dispose its wastes faster, grow faster, and replicate faster than the human cell, as the given data shows.
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a. If the human cells divide once per day, it should take 44 days to generate an adult organism.

b. There are several factors that ensure that adults take longer to develop.  To begin with, cells don’t divide whenever they feel like it.  They are regulated by hormones, DNA, enzymes, and other substances.  These regulations keep cell division in control and prolong the development period.  Next, cells are bound to die.  No cell continues to replicate without dying at some point.  These dead cells need to be replaced in the adult organism.  For each cell that has to be replaced, more time must be spent for the generation of an adult organism.  Third, cells do not all divide at once.  They have different rates of cell division, which is regulated.  If a cell is not needed, it doesn’t need to replicate.  Also, humans have specialized cells.  They don’t have an equal quantity of every cell.  Some cells are much more numerous than others.  This specialization is a very important quality in human cells and it prevents mass duplication.  Even if cells divided once per day, more time needs to be allotted for each specialized cell to be replicated in a timely fashion.  Furthermore, cells need a lot of nutrients and energy to divide.  They cannot all get their nutrients at the same time and, without energy, the cells will not be able to divide.  All these factors and more prevent a human adult to be generated in 44 days.
2. Eukaryotic cells require a nucleus as a separate compartment.  Compartmentalization is an important aspect of eukaryotic cells.  It allows the cells to have different environments within their organelles.   Lysosmes, for example, have a lower pH level than the rest of the cell.  Their enzymes are contained in a phospholipid bilayer, which ensures that the pH level remains constant.  In terms of the nucleus, eukaryotic cells have more uses and activity with their DNA than prokaryotic cells do.  During protein synthesis, transcription occurs in both eukaryotic and prokaryotic cells.  The DNA in a eukaryotic cell contains introns, un-needed non-coding DNA segments.  In a process called RNA processing, the introns are removed from the mRNA (transcribed from the DNA) and the 3’ and 5’ caps are added.  Prokaryotic cells do not have any introns so they do not require RNA processing to occur.  Both cells proceed onto translation.  For the correct environment for RNA processing, a compartment must be there.  In this case, the compartment is a nucleus.
3. Sorting signals are important on proteins.  They direct the protein to its correct destination.  Without a sorting signal, the protein has nowhere to go.  It remains in the cytosol, aimlessly drifting around.  Eventually, it will be marked for lysis.  In the lysis of a cell, the lysosme recognizes the substance that needs to be lysised.  The lysosome fuses with the substance’s membrane or vesicle.  The substance is now introduced to the hydrolytic enzymes in the lysosome which digest the protein. The remnants of the protein will be its bases and its backbone.  All these items are recycled and used by the cell again.
4. No, it is not true that all human cells have the same basic set of membrane enclosed organelles.  Although most human cells have a basic set, this statement does not hold true for all human cells.  Sex cells do not have a basic set.  Specifically, sperm cells lack organelles.  They only contain ½ of the DNA that, when joined with an egg cell, will make one complete human cell.  Similarly, erythrocytes or red blood cells lack a nucleus and mitochondria.  They use anaerobic respiration, forgoing the need for mitochondria (a necessity in aerobic respiration).  Without a nucleus, there is more room in the cell for hemoglobin.  Red blood cells only last 120 days before they die. 













































Ratio = (SA : V)
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