M2O Workshop 11-03-06 in CAL
Questions related to the 2002 Nature paper by Batzer and Deininger entitled: Alu Repeats and Human Genomic Diversity.
Team up with a partner and address the following questions. Type up your answers and submit them to Clarissa on Monday morning before lecture.

1. Why are Alu sequences named as such?

They contain the sequence that the AluI restriction enzyme recognizes.
2. How much of the genome is comprised of Alu sequences?

Almost 10% of the genome is comprised of Alu sequences. There are approximately a million of these sequences in the human genome.

3. Are Alu sequences distributed uniformly in the genome?

No, SINES integrate randomly into the genome, thus Alu sequences are not distributed uniformly.

4. What are the ancestors of Alu elements?

Detailed sequence analysis of the structure of Alu element RNAs has indicated that Alu elements were ancestrally derived from the 7SL RNA gene, which forms part of the ribosome complex.

5. Describe in your own words the structure of an Alu element and how it retrotransposes. Be sure to describe the 3 prime end and how it relates to the replication of the Alu element. [Please note that in class I stated that the 3 prime end has a poly A signal. That statement is incorrect (sorry) as they have a 3 prime poly A tail followed by a run of four or more Ts (see Box 1 and the text in the section “Alu-element mobilization”).]

Refer to the information in Box 1 of the Nature paper for all of this information.

6. Fill in the blanks. An Alu is a ___SINE_____ that requires two proteins from a __LINE______ in order to replicate. Describe the functions of these two proteins.

Open Reading Frame 1 encodes the RNA binding protein that recognizes LINE and SINE RNA. Open Reading Frame 2 encodes the protein with reverse transcriptase and endonuclease activity.

7. Alu sequences contain CpGs (a CpG is a cytosine next to guanine). Cytosines are methylated by DNA methylase, creating 5-methylcytosine. Deamination of 5-methylcytosine produces thymine. Please draw out the different structures indicated at each of these steps. Describe how this process a) impacts the mobilization of Alu elements, and b) how it leads to polymorphisms between individuals.

I drew this on the board in workshop. Deamination of 5-methylcytosine produces thymine and creates a mismatch with guanine in the dsDNA. Thus, one nucleotide base pair gets repaired, but the repair machinery cannot determine which one is the error. Therefore, sometimes the G gets cleaved out to add A opposite of the new T. This creates a polymorphism because this does not happen in all individuals with that insert.

8.  Identify the relative evolutionary age of an Alu sequence that would be seen as heterozygotes and homozygotes within the human population (note - this is related to what you did in lab). Draw a schematic of the structure of these two alleles that would give rise to such populations. Include approximate sizes of all elements.

The evolutionary age of an Alu sequence that gives heterozygosity within a population is relatively young. Neither chromosomal region has been fixed in the population. The structures would be:
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9. How can Alu sequences be used as tools for evolutionary biologists?

One can use the differences in integration sites to identify more closely related organisms. Relatively new insertions in multiple sites create a map for biologists to use in the construction of phylogenies.

10. What are the positive and negative impacts of Alu insertions? Please be specific.

Alu insertions can give rise to genetic variation. However, they can also be deleterious to the host as they create gene deletions, gene silencing, and misregulation of normal genes within the host.

11. Using the web, investigate one disease mentioned in the article that is associated with an Alu insertion. Briefly describe how the Alu insertion leads to the disease.

This is dependent on the disease you selected.

BIOLOGY PRACTICE QUESTIONS 11-03-06
1. Compare and contrast a restriction enzyme and DNA Polymerase III.

Restriction enzymes cut DNA with endonuclease activity. DNA polymerase III cuts DNA during mismatch repair with exonuclease activity. Restriction enzymes only cleave DNA whereas DNA Polymerase III both synthesizes and cleaves DNA.
2.  As part of a DNA isolation assay you are removing proteins and lipids from your sample by adding an organic solvent. Under high salt conditions the aqueous and organic phases can reverse, with one being on the top and the other on the bottom. Unfortunately you cannot tell the difference in your experiment, so you decide to add more organic solvent to determine which phase contains your DNA. Identify whether phase 1 or 2 contains the DNA. 
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The DNA is negatively charged and is in the aqueous phase. The addition of organic solvent increases the organic phase, indicated by the number 2. The DNA is in part 1.
3. You are studying a protein in bacteria that is responsible for creating the peptide linkages between N-acetyl glucosamine and N-acetyl muramic acid in peptidoglycan. This protein is deleted in a particular strain of bacteria that you have in the lab. A Gram’s stain of this bacteria culture would show ______pink___________ (color) bacteria, indicating a Gram _____negative____________ (positive or negative) result.

4. You are studying an auxotrophic strain of bacteria that contains the enzymes glucuronidase and catalase, and is Gram negative. Select your organism from the list of descriptions below.
	ASSAY
	Organism 1
	Organism 2
	Organism 3
	Organism 4

	Type of growth on Coliscan gel
	Teal colonies
	Pink colonies
	Teal colonies
	Purple/blue colonies

	Growth on minimal media
	YES
	YES
	NO
	NO

	Production of oxygen from hydrogen peroxide
	YES
	YES
	YES
	NO

	Grams stain color
	pink
	purple
	pink
	pink


Your organism is number 3. Review the diagnostics that we went over in lab.

5. Describe what the results would look like if you forgot to decolorize during the Gram’s stain.
Purple. The counter stain after the decolorizer gives Gram negatives the pink color.
6. Describe why adding salt and ethanol in the appropriate quantities leads to the precipitation of nucleic acids. Be specific.
Cations from the salt interact with the negatively charged DNA whereas the ethanol pulls water molecules away from the DNA. Together this leads to precipitation.
[image: image3.emf]48502 0

44972

39168

31747

26104

21226

48502 0

44972

39168

31747

26104

21226

[image: image4.png]


7. To the left is the genome of Lamda phage, and to the right is the genome of a bacteria. Please draw the bands resulting from a restriction digest with EcoRI, which cuts at the following locations in both genomes: 44972, 21226 and 31747. Hint: the gel below will have two new lanes showing the digest of each. 
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In this scenario, digestion of Lambda DNA would give 4 bands whereas the plasmid would give you 3.

8. You are an undergraduate researcher studying Alu elements in humans. Yesterday, you received a DNA sample from a collaborator in Italy. The sample contains a PCR fragment from an amplification reaction of a particular region of the human chromosome that is known to contain either one or two Alu sequences, depending on the individual. The original DNA sample was from the Ice Man, who was found frozen in a cave for thousands of years. Thus the sample was difficult to obtain and you cannot ask for more. Your mentor asks you to run the sample out on a gel to determine whether the Ice Man is heterozygous or homozygous and needs the results by the end of the day. During the preparation of the sample for gel electrophoresis you accidentally added the 100 bp ladder to the entire sample. Fortunately, the sample is relatively large so you have a large contaminated source to work with. Given this difficult situation, describe how you would a) determine whether the Ice Man is homozygous or heterozygous for either the one or two Alu elements, and b) how you would prove that the sample they sent to you contains the correct PCR fragment. Remember, you only have the contaminated sample!
Run your sample out next to the 100 base pair ladder. Be sure to run out the ladder at different concentrations. Observe the extra bands in your contaminated sample. That is the Ice Man PCR fragrment(s). Digestion of the contaminated sample with AluI would remove the extra bands (if completely digested) and give you smaller bands.

9. Speculate why the inventor of the Polymerase Chain Reaction (PCR) won the Nobel Prize, including at least three scientific applications for PCR in your explanation.
This revolutionized molecular biology. We can sequence out genes and clone them into plasmids for study. We can amplify DNA when we need more of it. We can use PCR as a diagnostic, such as in forensic studies or paternity tests.
10. Below is the Cn3 model of Green Fluorescent Protein (GFP) rendered in “worm” mode.
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A) Give a name to the structure represented as the gold arrows.

Beta sheet
B) What level of protein structure do the gold arrows represent?
Secondary
C) What level of protein structure does GFP lack?

In this picture, it lacks quaternary structure.
D) Without cofactors or enzymatic components, GFP fluorescence occurs through autocatalytic formation of a fluorophore in the center of the structure. Thus, GFP is very useful to researchers. Using the content presented thus far in M2O, describe an experiment where this property would be needed – be specific.
One could tag a protein, such as clathrin, and look at its cellular localization. In this scenario, one would find clathrin associated with the trans Golgi, the plasma membrane, and early endosomes.



























