Cell Biology Invention Activity 
Follow-Up Homework 
The following homework problem sets are an accompaniment to the “Invention Activities for University Cell Biology - A Guide for Instructors” by Jared L. Taylor, August 2010.

All homework sets designed and written by Jared L. Taylor and George B. Spiegelman

Note: the suggested answers for all of the homework sets are also included.

Zoo Exhibits Follow-Up Problem – Transport

Part I

Consider the data from two membrane transport experiments shown on the next page.  Assume that the uptake by the cells does not change the concentration outside the cells (the volume of the cells is extremely small compared to the medium they are in).  You can assume that the transport proteins involved are different in each experiment, so they are named Protein 1 and Protein 2, and that each protein transports only the molecule indicated.

Compare the sets of data.  Can you determine whether the transport is active transport or facilitated diffusion is being used in each case?

Suppose you wanted to devise a way to graph transport data to quickly indicate the type of transport being used visually (in other words, you could quickly glance at the graph and be able to say whether active transport or facilitated diffusion is being used).  Can you devise a way to manipulate and graph the data to show this?

We recommend that you copy and paste the data on the next page into a spreadsheet program in order to plot the data.

Part I Data

	Protein 1 + Molecule X
	Protein 2 + Molecule Y

	Molecule X Concentration Outside the Cell (M)
	14.0 (constant)
	Molecule Y Concentration Outside the Cell (M)
	0.14 (constant)

	Time (min)
	Molecule X Concentration Inside the Cell (M)
	Time (min)
	Molecule Y Concentration Inside the Cell (M)

	1
	6.8
	1
	0.1

	2
	9.5
	2
	0.5

	3
	10.6
	3
	0.7

	4
	11.4
	4
	1.0

	5
	12.0
	5
	1.3

	6
	12.5
	6
	1.6

	7
	12.9
	7
	1.9

	8
	13.2
	8
	2.2

	9
	13.4
	9
	2.5

	10
	13.6
	10
	2.8

	11
	13.7
	11
	3.1

	12
	13.8
	12
	3.3

	13
	13.9
	13
	3.6

	14
	13.9
	14
	3.9

	15
	13.9
	15
	4.1

	16
	14.0
	16
	4.3

	17
	14.0
	17
	4.4

	18
	14.0
	18
	4.5

	19
	14.0
	19
	4.6

	20
	14.0
	20
	4.7


Note the experiments use different concentrations outside the cells.

Part II

Consider the data on the next page taken from several transport experiments.  Each experiment uses a different amino acid (shown below).  Note that the second and third amino acids are not natural amino acids.  One important thing to notice is that their structures are all very similar.

Compare the three data sets on the next page (plotting them may be useful).  If we assume that the transport of all three amino acids involves the same transport protein, what can you conclude about the structures of the amino acids relative to their transport by the protein?
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Part II Data

	Protein 3

	All Concentrations Outside the Cell (M)
	5.5 (constant)
	 
	 

	Time
	Isoluecine Concentration Inside the Cell (M)
	-amino-ethylalanine Concentration Inside the Cell (M)
	-aminovaline Concentration Inside the Cell (M)

	1
	0.3
	0.3
	0.0

	2
	0.7
	0.6
	0.0

	3
	0.9
	0.8
	0.0

	4
	1.2
	1.1
	0.1

	5
	1.5
	1.4
	0.1

	6
	1.8
	1.6
	0.1

	7
	2.1
	1.9
	0.1

	8
	2.4
	2.2
	0.1

	9
	2.7
	2.4
	0.1

	10
	3.0
	2.7
	0.2

	11
	3.3
	2.9
	0.2

	12
	3.5
	3.2
	0.2

	13
	3.8
	3.4
	0.2

	14
	4.1
	3.7
	0.2

	15
	4.3
	3.9
	0.2

	16
	4.5
	4.0
	0.2

	17
	4.6
	4.1
	0.2

	18
	4.7
	4.3
	0.2

	19
	4.8
	4.3
	0.2

	20
	4.9
	4.4
	0.2


We recommend that you copy and paste the above data into a spreadsheet program in order to plot the data.

Zoo Exhibits Follow-Up Problem – Transport
Suggested Answers
Part I

The most important thing to notice about the data is the difference between the starting concentrations outside the cell versus the final concentrations inside the cell for both experiments.

In experiment 1, the concentration inside the cell increases until it matches the outside concentration and then appears to level off.  In experiment 2, the inside concentration appears to pass the outside concentration and keeps going.  These match the situations seen during the invention activity (even distribution of the animals vs. having more on one side).
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These observations are typical of the different types of transport that use proteins.  Facilitated diffusion allows molecules to cross a cell membrane as long as the concentrations inside and outside are different.  If the concentrations even out, net movement across the membrane stops.  Active transport on the other hand will continue to transport molecules across a membrane regardless of concentration.  From the data it appears that experiment 1 involves facilitated diffusion while experiment 2 involves active transport.

Notice that plotting and comparing the data graphically doesn’t easily distinguish between the types of transport.  Experiment 1 seems to be transporting things faster, even though it is actually facilitated diffusion.  Knowing the outside concentrations help distinguish them, but at first glance it is not obvious.

A better way to graphically distinguish them is to plot the ratios of the inside concentrations to the outside concentration in both cases (plot [inside]/[outside] vs. time).  The graph would then look like the one below (it is zoomed in so you can’t see all of the data for Experiment 2).
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Notice that in Experiment 1 the plot levels off at a ratio of about 1.  This is typical for things that depend on diffusion; the ratio of concentrations will approach 1.  On the other hand, the Experiment 2 plot passes 1 and keeps going.  This is typical of active transport; the ratio of concentrations does not approach 1.

Part II
If we plot the data, we get a graph similar to the one shown below.
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From the data it appears that both isoleucine and -amino-ethylalanine are transported easily by the protein, with isoleucine being slightly better (perhaps the protein in question is transport protein for isoleucine).  On the other hand, -aminovaline is not transported very well by the same protein.  Since all three molecules have a similar overall structure, we can probably conclude that specific groups on each molecule are responsible for enzyme recognition and binding.

Looking at isoleucine and -aminovaline it appears that changing the last methyl group (CH3) into an amino group (NH2) has a large impact on the protein’s ability to transport the molecule.  On the other hand, changing the branched methyl group into an amino group (as in -amino-ethylalanine) appears to have only a small impact on transport.  From this we can conclude that the group circled in dashed red (see the next page) is the most critical for the transport protein recognizing the molecule, while the group circled in blue is not important.
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The Chain Machine Follow-Up Problem – Template Directed Synthesis

Part I

The information flow in cells can be summarized with the figure below.
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DNA is used as the template for the synthesis of mRNA, which is in turn used as the template for protein synthesis.  DNA is also used as the template for synthesis of new DNA.

Scientists can track the progress of mRNA synthesis and protein synthesis by adding radioactive uracil (for RNA) and leucine (for proteins) to cells and observing how much is incorporated in RNA and protein (i.e. observing the amount of mRNA strands and protein that have radioactivity).

Suppose we add a compound to the cell that stops all RNA synthesis, and we observe that the no new radioactive mRNA molecules are produced.  However, we observe that new radioactive proteins are made for up to five minutes after RNA synthesis stops.

What can you conclude from this?

Part II

Recall from the invention that the machine you designed was able to read a template and make a new chain based on that template.  If the DNA and mRNA are the templates, then the proteins that read the templates and make the new molecules are the machines.  For DNA synthesis, the “machine” is DNA polymerase, and for RNA synthesis it is RNA polymerase.

A difference between DNA polymerase and RNA polymerase is the ability to “proof-read” the strands they are synthesizing.  DNA polymerase has the ability to correct errors that it makes, thereby making DNA synthesis accurate (there is about 1 error per billion base pairs replicated when the correction mechanisms is operating).  RNA polymerase does not have this ability, and therefore if it adds the wrong piece to the chain it is making it cannot correct it (it makes about 1 error per ten thousand bases transcribed.
Give a rationale for why the cell can tolerate the mistakes made by RNA polymerase.  In the bacterial species where it has been investigated, it was possible to find a mutant of the cells that had lower rates of error during DNA replication.  Give a rationale for not always having the lowest possible rate of error.  What would limit the upper rate of error in DNA replication? 

Part III  

The invention activity part 2 (fitting the casings to the chain) is very similar to the mechanism that is used to select the right tRNA during translation.  This mechanism might be related to why cells tend to try to reduce the number of tRNAs that carry any particular amino acid.  Explain.  

Part IV

On page 324 of the Freeman textbook you will find the codon table that represent the genetic code used by cells to make proteins based on the DNA/RNA templates.  

Redraw the entire codon table as shown but without adding any of the amino acids names (i.e. make your table with just the codons).  Beside each codon, place a symbol corresponding to the list below:

Hydrophobic amino acids: ●
Polar neutral amino acids: ▲
Charged amino acids: ×
From your table, look at the distribution of symbols.  What can you conclude about the genetic code and the codons?  

The Chain Machine Follow-Up Problem – Template Directed Synthesis
Suggested Answers
Part I

Since RNA synthesis is halted, no new RNA, including mRNA, can be made.  However, this would have no effect on any mRNA molecules that were already made.  Given that protein synthesis continues for a while after RNA synthesis is halted, we can conclude that the mRNA molecules already made are stable within the cell (are not immediately degraded).  These mRNA molecules can serve as the template for protein synthesis for a short while before they are degraded.

Part II

Since the DNA serves as the template for RNA, it makes sense that cells would want to keep the DNA as error free as possible, as mutations could cause problems not only for the cell itself, but also all future daughter cells.

RNA, on the other hand, is not as critical.  This is because the DNA is used as a template for many copies of the RNA.  Even if one mRNA molecule contains an error, there will be many other correct versions of that mRNA made by the cell, and so normal proteins will still be produced.

DNA replication is not perfect, however, and errors can occur with the DNA.  This is advantageous to cells, since the ability for DNA to mutate provides cells with a mechanism by which they can change and adapt.  Cells that used perfect DNA replication could never adapt to long-term changes in the environment.

On the other hand, cells do not want the error rate to be too high, otherwise mutations would cause proteins to be non-functional too often, and the cell would not survive.

Part III

Recall that simply trying all casings until one fit was one solution some of you suggested for part 2 of the invention activity.  In this case, it stands to reason that having few types of casings would make this method more efficient.  This is similar to the situation inside of cells.  Having fewer tRNA molecules in use means that protein synthesis is more efficient (does not need to try as many tRNA molecules for each codon to find the correct “fit”).

Part IV


Your table should look something like the one shown above.  The most important thing to notice is that the distribution of the amino acids is not random.  Hydrophobic groups tend to use similar types of codons, and polar or charged amino acids do the same.  It is even more obvious if you grouped all the hydrogen bond forming amino acids (polar neutral and the charged amino acids) together.

Controlling the Chain Machine Follow-Up Problem – Gene Regulation
Part I

Cells have thousands of genes that encode proteins, each of which has a different function within the cell.  However, cells do not need every protein functioning all of the time; some proteins are only needed at certain times and in certain environments.  As you can imagine, it would be a waste of energy and resources for a cells to make unneeded proteins.  Because of this, cells have many ways of controlling when these proteins are produced.  This is known as regulating gene expression.

How a gene is regulated is often related to the function of the protein it produces, and the presence of the signal.  The signal can either induce (increase) or repress (decrease) the production of the protein.

For each of the proteins listed below, indicate what the appropriate signal molecule would be, and indicate whether the presence of the signal (or signals) is likely to induce of repress expression of the protein.

a) Degradation of the amino acid histidine as a carbon source.

b) Synthesis of the amino acid histidine.

c) Transport of phosphate across the cytoplasmic membrane.

d) Synthesis of an enzyme that is secreted to the outside of the cell to degrade DNA in the environment as a source of phosphate.

e) Enzyme to convert N2 (nitrogen gas) to NH4+ when NH4+ is limiting in the medium.

f) Enzyme for the synthesis of polyhydroxybutarate. This chemical is used by the cell as a storage molecule under conditions when there is lots of glucose but limiting nitrogen or phosphate. 



Part II

Consider the cases (a) and (b) on the first page for histidine.  In both cases, there is a protein (different in each case) that controls whether or not RNA polymerase can transcribe the appropriate genes.  Clearly, the protein in each case must interact with the signal in some way.  It must also interact with the components of the cell that produce mRNA (think about what those are).

Propose a way that the signal in case (a) and in case (b) on the first page can interact with the control protein, and how that could possibly affect whether or not transcription occurs.
Controlling the Chain Machine Follow-Up Problem – Gene Regulation
Suggested Answers
Part I

g) Higher concentrations of histidine in the cytoplasm should turn on transcription of the relevant genes.

h) Higher concentrations of histidine in the cytoplasm should turn off transcription of the relevant genes.

i) Higher concentrations of phosphate in the cytoplasm should turn off transcription of the relevant genes.

j) Higher concentrations of phosphate in the cytoplasm should turn off transcription of the relevant genes.

k) Higher concentrations of NH4+ in the cytoplasm should turn off transcription of the relevant genes.

l) Higher concentrations of glucose should turn on transcription of the relevant genes, while higher concentrations of nitrogen or phosphate should turn off transcription of the relevant genes.

Part II

Case (a): two possibilities
· There could be a regulatory protein that is bound to the DNA that blocks RNA polymerase from binding to the promoter of the relevant genes, thereby blocking transcription.  When histidine is present, it binds to the regulatory protein and changes it shape so that the protein can no longer bind to the DNA.

· There could be a regulatory protein that histidine binds to, and together (histidine + protein) they bind to the DNA and help the RNA polymerase bind to the promoter of the relevant genes, thereby helping transcription start.

Case (b)

There could be a regulatory protein that histidine binds to, and together (histidine + protein) they bind to the DNA and block RNA polymerase from binding to the promoter of the relevant genes, thereby stopping transcription.

Railway Safety Follow-Up Problem – DNA Mutation and Repair

Part I

E. coli, a typical bacterial species, has a specific enzyme that binds to G-T mismatched base pairs in DNA.  The enzyme, which is called MutY, starts the repair process that will replace the T with a C.  This repair system makes use of the DNA marking system where the older DNA strands are marked (by methylation of adenosines by an enzyme called Dam methylase) and the newly synthesized DNA strands are not marked right away.

In cells that are lacking MutY the frequency of mutation of GC base pairs to AT base pairs increases about 1000 times.

Draw out the rounds of DNA replication that are needed to change a GT base pair to a stable AT base pair.

Part II

Suppose you over hear a couple of researchers talking about mutation.  One says to the other:

 “In this mutant strain I am studying, the frequency of GC to CG mutations is high, but the frequency of GC to AT base pairs is low.” 

Draw out a representation of what this person might mean using a short DNA sequence that you make up.  What do you think might be different in this mutant strain versus a normal strain that could cause the observed mutations?

Part III

In Part I it says that loss of MutY increases the frequency of GC to AT base pair mutations 1000 fold.  It also mentions that this system uses the Dam methylase to mark the DNA strands so that the repair system knows which strand is ‘old’, or correct.  

In cells that have a normal MutY but lose the Dam methylase the frequency of GC mutating into AT only goes up by a factor of 2.  Explain why that might be.

Railway Safety Follow-Up Problem – DNA Mutation and Repair

Suggested Answers

Part I

The rounds of replication are shown below.  The DNA strands are colour-coded to help you see which strands are the templates for each round of replication.
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Part II
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An explanation for the high frequency of the GC to CG mutation is that this strain may lack a repair enzyme that is specific for looking for GG mismatched pairs (or CC pairs).  This is similar to the strain in Part I that lacks the enzyme that specifically looks for GT mismatches.

Part III

Losing MutY means that repair of a GT will happen much less frequently.  In contrast, cells lacking the Dam methylase still have MutY, which means GT mismatches are still possible.  However, without the Dam methylase, the DNA is not marked properly, and so the MutY enzyme cannot tell which strand is the original and has to guess.  On average, it will guess correctly 50% of the time and guess incorrectly (causing a stable mutation) 50% of the time.  This causes the GC to AT mutation rate to only double.
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