Pabio 552 midterm exam: answer code

5/25/04


Exam answers follow each of the exam questions below.  Answers are in italics.  For questions about any of this see Jais for questions 1 and 3; see Pushpa for question 2.

Question I (39 points).  You have identified a new virus that is the cause of an emerging infectious disease.  You are studying the trafficking of 3 proteins encoded by this virus: proteins X, Y, and Z.  While you were away for a couple weeks, the sequence for these proteins became available and a student in your lab quickly created constructs for expressing each protein.  

Part A:  Your student expresses an epitope-tagged version of protein X (with an HA tag at the C terminus) in Hela cells.  The student is excited to see localization of protein X to the plasma membrane by immunofluorescence labeling with an anti-HA antibody and deconvolution.  The student then comes up with a model for the trafficking of protein X and tests it by expressing native protein X in a rabbit reticulocyte lysate (RRL) cell-free translation system containing 35-S methionine, 19 unlabeled amino acids, and an energy regenerating system (Fig. 1).  The experiment is done using a standard protocol, with and without dog pancreas membranes (+/-Mb) and the glycosylation inhibitor tunicamycin (+/- Tun), both added at the start of translation.  In addition, proteinase K digestions  (+ Pro) are performed on selected aliquots, in the presence or absence of 1% triton (+/- Det) at the end of the 120 min translation reaction.  The student is convinced that this experiment will reveal how protein X traffics to the plasma membrane.  However, upon seeing the results of this experiment, the student is very disappointed, and concludes that the membranes "aren't working".  You look at the autoradiograph of the SDS-Page gel (Fig. 1) and you also examine the amino acid sequence for the first time (Fig. 2).  From those two pieces of information (and possibly hunting down some specific information about general protein trafficking mechanisms via medline), you deduce how protein X is likely to be reaching the plasma membrane.

Questions on part A (total = 11 points):

A1.  What co-translational and post-translational processes should ER-derived dog pancreas membranes reconstitute when added to a cell-free translation system?  (one or 2 sentences, 2 points)

Co-translational events that occur during ER translocation include signal cleavage, N-gylcosylation, and GPI anchor addition.  Post-translational processes that occur in the ER include disulfide bond formation.  Protease protection of translocated proteins or domains is conferred by ER membranes, so that also counts.

If you named 3 of these you received full credit.  If you named 4 or more, you received an extra point.  I wanted people to be reasonably specific, so just saying post-translational modifications was not enough.

I was surprised at how many of you mentioned GPI anchor formation here, but then failed to think about it for the protein translocated into the ER in section B.  This was supposed to help you move in the right direction for B!
A2.  Based on the experimental design in Fig. 1, what was the student's model for how the protein traffics to the plasma membrane, and why did the data in Fig. 1 not support that model? (One paragraph answer, 2 points)

The student made the reasonable assumption that because the protein was seen at the membrane surface it was probably a membrane protein with one or more transmembrane domains (these are translocated into the ER and move through the secretory system).  But, if that is the case, translation in the presence of ER membranes should result in protease protection of the whole protein or selected domains that are transmembrane or inside the ER lumen.  That would have resulted in a band or bands in lane 4 (+mb, +protease) but not in lane 5 (+mb, +det, +pro) of Fig. 1.  Since the student saw NO protection in lane 4, that argues that this protein has no domains in the ER membrane or ER lumen and is therefore not translocated into the ER. 

The student would also have expected to see signal cleavage.  That would be seen by a shift down in lane 2 (and 4) of Fig. 1.  In addition, glycosylation might have been observed.  

If you clearly stated that the absence of protease protection, signal cleavage, and glycosylation argued against the student's hypothesis, I gave you an extra point for thoroughness.

In conclusion, the pattern the student saw on Fig. 1 (below) shows that this is NOT a classic transmembrane or secreted protein, and this protein does not enter the ER. Thus, the protein is translated in the cytoplasm.  

A3.  What specific data made the student add tunicamycin to the experiment? (One or two sentence answer, 1 points)

The protein has FIVE classic N-glycosylation motifs (Asn-X-Ser; Asn-X-Thr).  This suggested to the student that the protein might be glycosylated in which case tunicamycin would block glycosylation.  The motifs for N-glycosylation are in your post-translational modification handout and were discussed in class, so I wanted you to describe the motif for full credit.  If you understood the concept but not the motif, you received half credit.

A4.  What is your model for how the protein traffics to the plasma membrane?  Be specific and contrast to student's model if appropriate.  Describe how the data support your model (2 paragraphs, 4 points).

The data indicate that protein X is localized to the plasma membrane (IF) but does not translocate into the ER (cell-free system experiment). Acylation, which can target proteins to the cytoplasmic side of the plasma membrane, allows proteins get to the plasma membrane without translocating to the ER.  Protein X has a myristoylation signal at its N-terminus, so it is likely myristoylated co-translationally in the cytoplasm and then targeted to the inner aspect of the plasma membrane.  If you also pointed out that the protein has a charged domain at the N terminus and this could help with membrane targeting as discussed in class, you received an extra point.  If you picked some other acylation, I gave you full credit for the concept. 

A5.  Given your model, what ONE cellular factor would you choose to knock down by siRNA to test your hypothesis?  And if the targeting still occurs after you successfully knock down that factor, what alternate model would you then propose?  (two sentences, 2 points)

Knock down of N-myristoyltransferase (NMT) would allow you to determine if the protein is myristoylated since it would not target to the PM in the absence of NMT.  If it still targets, it could be palmitoylated.  Or it could be trafficked to the cytoplasmic face of the plasma membrane by associating with another protein that is acylated.  Alternatively, it could be interacting with a membrane protein via protein-protein interaction domains.  All of these are acceptable answers.

Part B:  Shown in Fig. 3 is the RRL translation for protein Y.  The experiment was performed in the presence and absence of dog pancreas membranes (+/- Mb) and tunicamycin (+/-Tun), added at the start of translation.  Also, aliquots were digested with Proteinase K (+/- Pro) at the end of translation, in the presence or absence of detergent (+/-Det).  The student has not yet examined protein Y in cell culture.  You have not yet looked at the sequence, but you have some ideas about the protein just based on the autoradiograph of the SDS-Page gel for this experiment (Fig. 3).

Questions on part B (total = 11 points):

B1:  For each lane of the gel in Fig. 3, draw a simple cartoon that diagrams the in vitro translation experiment that corresponds to that lane.  Be sure to show the topology of the protein and any other key features of the protein in your cartoons.  (7 simple cartoons, 5 points)

Everyone received full or nearly full credit for these, which was nice to see.  One issue I saw is that someone left a protein tail hanging out of the ER vesicle.  If the protein was transmembrane it would not be fully protected within the vesicle and you would have seen a shift down in the +mb, +protease lane.  So, the data are not consistent with any part of the protein being in the membrane or exposed to the cytoplasm.

B2.  Based only on results shown in Fig. 3, where would you expect to find protein Y in a cell culture system (specify cellular compartment and topology).  If appropriate, give alternate possibilities for compartmental location and topology. (1 paragraph, 3 points)

To my surprise, quite a few people had trouble with this.  It is actually very simple.  Because this protein is translocated into the ER, fully protected, and glycosylated, it would most likely be found secreted into the medium.  It is NOT a transmembrane protein based on the fact that ALL of the protein was protected upon protease digestion in the presence of membranes (transmembrane domains are protease protected).  Therefore, most likely it is secretory.  However, there is one exception to the protein being soluble (and question A1 was supposed to start you thinking along these lines).  That exception is that the protein could receive a GPI anchor in the ER that would tether it to the plasma membrane even though it has no transmembrane domains based on the protease protection assay.  So if you mentioned secretory protein and GPI anchor protein as possibilities, you received full credit.  You received partial credit if you said secretory protein without raising the possibility of a GPI anchor protein.  Many of you also pointed out that the protein could be found soluble within the lumen of organelles in the secretory pathway (i.e. a resident organellar protein).  This was fine, but if you didn't also raise the possibility of secretory and GPI anchored you didn't get full credit.

One aside:  some of you thought a GPI anchor would be unlikely due to the lack of a shift up in the size of the protein.  Similarly some of you had this concern about myristoylation of protein X in A2:  you were concerned that no shift in size was seen.  However, many modifications do NOT create a detectable size shift, or require special separation conditions to see the increase in size.  This is true for acylations, some phosphorylations, and probably GPI anchors since none of these modifications is very large.  (In fact, phosphothreonines were found much later than phosphotyrosines because they don't cause an appreciable shift and were only first identified when Tony Hunter made a mistake with the pH of his gel running buffer!).  In contrast N-gylcoyslations and ubiquitination, which are very large modifications, typically result in a shift in band migration.  In any case, I simply wanted GPI anchors to be on your list of possibilities.

B3.  Design the cell culture experiment that would confirm the localization of this protein.  Include controls and approaches that will help distinguish between various possibilities you may have specified above. (1/2 page single-spaced, 6 points)

I simply wanted people say that because this has a high likelihood of being a secreted protein, they would first look for this protein in the medium or supernatent.  Those of you who pointed out important details (like you might need to concentrate the medium) received an extra point.  The one other thing I wanted you to say was that if you didn't find it in the medium, it would be reasonable to wonder if it was GPI anchored and you could do this by looking for it at the plasma membrane and seeing if it was released by phospholipase C (PLC) treatment (covered in lecture handout).

I also gave credit for people who said they might find it in organelles of the secretory pathway, as long as they stated that to look for this they would need organelle markers.  But if you didn't mention looking in the medium for secreted protein and treating with PLC for a GPI anchor, you lost some points. 

Part C:  The student expressed Protein Z with a C terminal epitope tag in Hela cells.  The student is puzzled because when this Hela cell lysate is analyzed on an SDS-Page gel and subjected to Western blotting with an antibody to the epitope tag, the protein appears as a 40 kD band with 4 separate  higher molecular weight bands above it (data not shown).  

Questions on part C (5 points total):

C1:  What technical mistakes could result cause the artifactual appearance of the higher molecular weight bands? (one or two sentences, 2 points)

For full credit you needed to raise the possibility that the protein was not fully reduced leaving disulfide bonds intact, or that the protein was not fully denatured (i.e. too little SDS or not enough heat to fully denature).
C2:  What biological phenomena can explain the higher molecular weight bands, and what simple experiments would distinguish between these biological possibilities? (one short paragraph, 3 points)

What I was looking for was glycosylation, ubiquitination, and phosphorylation.  Oligomerization through disulfide bonds was also acceptable.  If you mentioned glycosylation and ubiquitination (both major topics in the early lectures), then you received full credit.
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Figures for Question I, Part A and B:

D.  You are writing a grant about the trafficking of this non-enveloped virus after entry into the cell.  Your preliminary data demonstrate:

1) that this virus enters via caveolae and is found in caveosomes

2) that the genome of the virus is found in the nucleus.  

You are interested in studying the mechanism by which the virus leaves the caveosome.

Questions on part D (total = 9 points):

D1:  Describe 3 hypotheses for how exit of the virus from the caveosome could occur.  For EACH hypothesis, describe ONE precedent for that specific trafficking mechanism from the literature (include citation) and describe ONE experiment with controls that would test your hypothesis.  Use different experimental approaches in your answer (i.e. don't use the same approach for each hypothesis).  Make sure your experiments are technically feasible (i.e. utilize standard techniques) and include controls.  (3 points for each hypothesis; no more than 1 page total single-spaced for D).

What I really wanted was for you all to see that there is a topological problem here.  There are a limited number of ways to get a protein complex (i.e. non-enveloped virus) OUT of a membrane bound compartment.   

One approach is to assume that the virus must exit into the cytosol before going into the nucleus.  One possibility for how it could do this is that the virus could create  a special “pore” in the caveosome membrane, and exit out this pore.  This pore could be formed from or recruited by virally encoded proteins and there are many examples you could cite for both of these possibilities (i.e. some toxins form pores, some viruses form pores).


Another possibility is to use existing channels in the membrane such as the translocon in the ER.  To do this, the virus would have to traffic to the ER and then exit the ER membrane using a mechanism related to ER associated degradation (ERAD).  Citing ERAD as a precedent would be fine.  There are other channels that the virus could use (transporters, etc.).


A third possibility is direct lysis of the caveosome membrane, which many of you described fairly well.  There are bacterial examples, but also a paper showing selective disruption (bursting) of the nuclear membrane by HIV-1 Vpr.  There were some answers that involved variations of a direct lysis mechanism that received credit.


A fourth possibility is that the virus may not have a “cytosolic phase” but might traffic in a vesicle from the caveosome to the nucleus possibly via the ER.  There would still be a topologic problem here:  the virus would have to cross the inner nuclear membrane to access the interior of the nucleus, which is the topologic equivalent of the cytosol.  So once again you have a protein complex crossing a lipid bilayer and you are back to 

 A few of you really understood this and said exactly what I wanted, so you all received extra points.  Most of you read too much into this question and didn’t see that it is simply about mechanisms for a protein complex to get across a lipid bilayer.   There was a lot of discussion of microtubules, but simply invoking transport via microtubules does not get you ACROSS A MEMBRANE BARRIER.  There was also a lot of discussion of trafficking to other compartments of the secretory pathway, but you lost points if you didn’t address the problem of getting across a membrane barrier since that would be a major issue from any part of the secretory pathway in order to get to the nucleus.  If you didn’t give me 3 ways of crossing a membrane barrier, you lost 2 – 3 points, depending on how well I thought you understood the basic concept.  I did not “grade” the experimental approaches since the grades were already pretty low for this question.
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