C2006/F2402 ’11

Key to Review Questions for Exam #2


For questions 1-4, each correct answered circled = 1 pt; each explanation 2 pts.
1. Which of these proteins during normal development do not have their histones bivalently methylated at H3K4 and H3K27 simultaneously? (Cdx2) &  (Oct4).
 

Explanation for 1: Both Cdx2 and Oct4 are turned on at the 8 cell stage, that is very early, so they do not have a period when they are poised to go on, but not yet expressed. Bivalent methylation is the state of master regulatory genes before they are turned on – when they are not expressed, but ready to go either way. They can be turned on or off by removing one of the methyl groups. 
2. A. Which of the following progresses in the opposite direction, becoming more potent? (creation of zygote using SCNT) & (iPS cell creation). 

B. Which of the following changes increases potency and occur in the natural process of human development? (none of these).
 
Explanation for 2: iPS cells and zygotes created by SCNT are pluripotent and totipotent respectively. The differentiated cell whose nucleus was used as a donor for SCNT was less potent, as were the cells transformed by the 4 genes used to make iPS cells. Natural human development does not include SCNT or creation of iPS cells – these require laboratory manipulations. All the other changes listed occur during human development, but they all involve increases in differentiation and decreases in potency. 
3. As a child which of the following should be present? (clitoris) (testes) (labia major) (Wolffian duct derivatives). 
Explanation for 3: The initial stages of differentiation should be normal for a male. The SRY gene on the Y should turn on production of proteins needed to develop testes. Sertoli cells of the testes should secrete AMH, which should cause degeneration of the Mullerian ducts; Leydig cells should secrete testosterone which sustains the Wolffian duct. However, male external genitalia will not develop. The perineum is bipotential, and develops into male genitalia (penis and scrotum) only if DHT is present; otherwise it develops into female structures (clitoris and labia major). If there is no reductase, there will be no DHT because conversion of testosterone to DHT will be blocked, and female genitalia will develop by default. 
4. A. What could you expect regarding the fetal development of this individual? (male levels of testosterone)  (testes are present)
B. What could you determine regarding this individuals chromosomes and the expression of genes on those chromosomes?  (XY individual) (Sry expressed) (testosterone receptor expressed) 

C. If this individual had both Mullerian and Wolffian ducts what could you conclude?

 (Leydig cells are okay)  (Sertoli cells aren’t functioning properly). 

Explanation for 4: 
A. If tissues derived from Wolffian ducts are present, the fetus must have developed testes that produced male levels of testosterone (in the fetus) to sustain the Wolffian ducts. 

B. You would expect this person to be XY. The SRY gene must be expressed (to trigger testes formation and testosterone production) and the testosterone receptor must be expressed (for the Wolffian ducts to respond to the testosterone). 

C.  If the person had both Mullerian ducts and Wolffian ducts, you assume the person had high testosterone (from working Leydig cells) but not AMH (so Sertoli cells aren’t working properly). If there is testosterone, granulosa and thecal cells wouldn’t form. 

For Problems 5-10, answers and explanations were worth 2 points each except one point each for answers to 
5 A-1, A-2, B-1 & B-2, and 7 A-1 & A-2. 
In the diagram shown for problems 5 & 6, transcription starts at the left end of the line. Therefore the promoter is (primarily) to the left of the line, not included in it. Transcription starts well before the first 5’ splice site. 

5A. Answers & Explanations:

A-1. There is only one primary transcript = one possible product of transcription. That’s because there is only one promotor and one polyA addition site – therefore all transcripts have to start in the same place and end in the same place. 


A-2. There are 5 Possible mRNAs.* 


(1) Unspliced (same as RNA in the virus particle). 


(2) First intron removed (1st pair of sites used). 



(3) Second intron removed (2nd pair of splice sites used). 


(4) First 5’ donor site spliced to second 3’ acceptor site.



(5) Both introns removed. 
*In real life, not all combinations may be possible, and most messages are either unspliced (to make RNA for the virion), or spliced twice.  However, in real HIV, there are more 3’ splice sites (one before almost every gene), and more possibilities for the ‘first intron.’ 
Note: usually only the first cistron in the mRNA is translated, so it is not necessary to remove subsequent introns in order to use the mRNA. See explanation for 5B.

A-3. Seq. immediately upstream of polyA is same in all transcripts. Seq. immediately downstream of cap is the same in all. All transcripts should have the same ends. (See answer to A-1.) All mRNAs should be the same up to the first 5’ splice site, and after the last 3’ splice site.
5B --Answers:


Best answers (assuming translation can start at AUG only once per mRNA): 


B-1. Primary transcript must be spliced twice to make rev protein – once to remove AUG sequences upstream of the rev start codon, and once to remove the intron in the rev gene. 


B-2. To make vif protein, an additional 3’ splice site is needed – to remove upstream AUG sequences and position the start codon of the vif gene as the first one in the mRNA. 


Alternative answers (assuming re-initiation of translation is possible): 


B-1. Transcript must be spliced only once (to remove intron);  B-2 You need only splice sites shown. 


Full credit was given for either set of answers if the explanation was clear. 
Explanation for 5B:


There are two issues here – (1) removal of introns that interrupt genes and (2) removal (if necessary) of upstream start codons = issue of where translation starts. 


The rev gene has an intron, and the vif gene has none. So if you consider only the intron issue, you will get the alternative answers. However, if you consider the issue of initiation of translation, you may get either set of answers, as explained below. 


In eukaryotes, most mRNAs are monocistronic – only one peptide can be made per mRNA. Except in extraordinary cases, ribosomes fall off after the first stop codon and cannot continue or re-attach. Translation starts at the first AUG from the 5’ end and ends at the first stop codon. Therefore a polycistronic mRNA cannot be read to make multiple proteins; see ‘best answers’ above.  


However, if you assumed ribosomes could re-initiate translation and read more than one ORF (open reading frame) per mRNA, then alternative answers above are correct, as upstream start codons need not be removed.  

The real situation: With HIV, there is usually only one peptide made per mRNA, but there are some exceptions. 
6. A-1. rev mRNA must be translated on free ribosomes in the cytoplasm. 
    A-2. The rev gene encodes an NLS.  
Explanation for 6A: Unspliced RNA does not exit the nucleus in normal cells. (It is bound to the spliceosome.) Therefore rev protein must have an NLS to be transported into the nucleus and bind to the RRE. (Binding of rev protein to the RRE is what allows unspliced HIV RNA to leave the nucleus.) 

If unspliced HIV RNA could enter the cytoplasm, without binding to rev protein first, then rev protein could bind to the RRE in the cytoplasm, and rev protein would not require an NLS. However, in that case, part B (below) doesn’t make sense. Rev protein wouldn’t be needed to make gag protein. (In a real HIV infection, spliced RNA is used to make rev protein, and that allows unspliced RNA to leave the nucleus and code for gag etc.)
6. B-1. RRE is cis acting; B-2. rev regulation is positive control; B-3. mRNA for gag is unspliced. 
Explanation for 6B-1 & B-2. The RRE is a binding site; binding of (trans acting) rev protein to an RNA molecule with an RRE only affects transport of that RNA molecule.  If there are other RNA molecules in the cell, they bind rev protein independently, and are transported independently. Transport requires rev protein; therefore the regulatory action of rev protein is positive. (In other words, absence of rev protein blocks transport. If absence of rev protein caused constitutive transport, then regulation would be negative.)
Explanation for 6B-3. The mRNA for gag protein can’t be spliced at the first pair of splice sites to remove the first intron, or the information to make the gag protein will be lost. The mRNA can’t be spliced at the second pair of splice sites to remove the second intron either, or the mRNA won’t reach the cytoplasm.  We know this because it says that both the rev protein and the RRE are needed for gag mRNA to reach the cytoplasm. Therefore the second intron, the one containing the RRE, is needed to bind rev protein – if you can’t bind rev protein, the mRNA for gag remains in the nucleus.  
7. A-1 & A-2. Two bilayers separate the nucleolus from the cytoplasm; one transport complex (the nuclear pore) is used to cross both. 

Explanation for 7A-1 & A-2 (FYI – no explanation required for this part): The nucleolus is inside the nucleus. The nucleolus has no membrane, but the nuclear envelope surrounding the nucleus (including the nucleolus) consists of two bilayers. Material passes in and out of the nucleus through the nuclear pores. Each nuclear pore is a complex structure that spans both bilayers. Each pore contains one passageway that allows material such as protein X to move from the cytoplasm to the inside of the nucleus. (This did not need to be explained.)
7. A-3 & A-4. Normal protein X should bind to both importin and exportin, and travel in both directions – in and out of nuclei. 

Explanation of 7A-3 & A-4 (required): 


Why does protein X bind to importin? Soluble proteins in the nucleus must be made on free ribosomes in the cytoplasm, and use an NLS to enter the nucleus. So protein X must have an NLS and bind to importin to enter the nucleus & nucleolus.


Why does protein X bind to exportin? At any one time in interphase, the bulk of the protein X is in the nucleolus. However individual molecules of protein X must shuttle in and out of the nucleus, carrying ribosomal subunits out. Ribosomal proteins are made in the cytoplasm, and enter the nucleus, where they combine with rRNA made in the nucleolus. The assembled subunits are escorted out by protein X. Therefore protein X must have an NES and bind to exportin.


Once it reaches the cytoplasm, protein X must return to the nucleolus to repeat its escort job. Therefore protein X must have an NLS and bind to importin – but we already know it has an NLS. 

Why is protein X sent to the cytoplasm (or excluded from nucleoli) in telophase? Because it has an NES (& B23 does not). If the protein resided permanently in the nucleolus, it should stay with B23 throughout mitosis as well as interphase.  

7. B-1. The normal protein must contain both an NLS and an NES. B-2. The mutant must contain a normal NLS; B-3. In the mutant ribosomal subunits should pile up in the nucleolus.
Explanation of 7B: The normal (and mutant) protein enter the nucleoli, so both forms of the protein must have an NLS. Since the normal protein does not stay in the nucleus when nucleoli reform, it must have an NES. The mutant protein does not leave the nucleoli when they reform, so its NES must be missing or defective. Without an NES, it cannot escort subunits out to the cytoplasm and they remain in the nucleolus. 

8. A. 5 types of histones -- Remember you removed histones from ALL the interphase chromatin, not just the active chromatin. Some of the chromatin must be heterochromatin and/or not very loose euchromatin, and it will contain H1 as well as H2A, H2B, H3 & H4 (the core histones of an octamer). 
    B. B-1. This region represents none of the options listed; B-2 Transcription factors bind directly to the DNA. 

No explanation was required for B (or A), but 1 point was deducted if the answers to B were correct, but the explanation contained errors or was missing. 

Explanation of 8B (FYI): The region described is not protected from degradation, so it is not in nucleosomes. It is too long to be a linker between normal nucleosomes. (It could be a region that was in nucleosomes under some other set of conditions, but in these cells it is NOT in nucleosomes.) TFs are the only proteins that bind directly to DNA; co-activators bind to TFs or other proteins. 

8. C. C-1. Before TPA, the 144 BP region was in a core nucleosome; C-2. The nucleosome was positioned exactly.

Explanation of 8C: DNA that is not digested is protected by nucleosomes or higher levels of folding. The tighter the chromatin is, the more difficult it is for added DNase to digest the DNA inside. The same sequence (the first 144 BP) is always protected (before TPA), so the nucleosome must be in the same place on the DNA to cover up the same sequence. If the nucleosome were positioned randomly, the protected piece of DNA would always be the same length, but it wouldn’t have the same DNA sequence. 
9. A. Normal enzyme is resistant to EndoH; B. Misfolded enzyme is degraded in proteasomes; C. Enzyme levels are probably normal or high in the ER (but ER + Golgi was accepted too); D. Your drug should act like a chaperone. 
Explanation of 9A: EndoH is not a normal mammalian enzyme – it is isolated from bacteria and used as a diagnostic tool in the laboratory. It is used as a way to find out if the protein has reached the Golgi or not.

Explanation of 9B & C:  Normal amounts of enzyme G are made in people with Gaucher disease, but the enzyme never reaches lysosomes. The enzyme G may or may not have enzymatic activity, but it doesn’t matter – if it doesn’t get to lysosomes it can’t do its job. 


The enzyme G that is made in mutants doesn’t fold properly, and so it isn’t transported to the Golgi, but is degraded instead. Protein folding takes place in the ER, and proteins that misfold are generally transported out of the ER, tagged with ubiquitin, and degraded in proteasomes. The misfolded enzyme G often piles up in the ER before it can be degraded, so normal or high levels of enzyme G are found in the ER, and low levels in the Golgi. 

You might think that the misfolded protein can reach the Golgi, but can’t be modified properly, so it is exported from the Golgi to the proteasomes to be degraded. In that case, you’d expect normal (or high) levels of enzyme G in the ER + Golgi, not just in the ER. This isn’t the way the cell’s misfolding detection mechanism works, but ER + Golgi was accepted as a reasonable solution. 


How do we know that the misfolded protein doesn’t pass through the Golgi and end up in default vesicle? If the misfolded protein didn’t get modified, and went to a default vesicle instead of binding to M6P receptors, the enzyme would end up outside the cells, not degraded. 

Explanation of 9D: The primary problem here is a lack of proper folding. Whether you think the misfolding leads directly to degradation, or to failure of modification, it doesn’t matter – what you need is a chaperone. Chaperones help with protein folding, so a chaperone mimic is what you need. Adding M6P won’t help, as it won’t be added to the protein. There are several reasons for this – (1) M6P is made by modifying a pre-existing oligosaccharide, not adding M6P. (2). Even if M6P were added directly by a modification enzyme, adding extra M6P wouldn’t help. If the enzyme G is misfolded so it can’t be recognized by the modification enzyme, adding more M6P won’t make any difference – if the modifying enzyme can’t use the misfolded enzyme G as substrate, it doesn’t matter how much M6P is present.
10. A-1. SP should be 40 AA from (amino) end; A-2. SP should be a TM segment. 
Explanation of 10A: SP must be near, but not at, the amino end. The protein has to be inserted in the membrane as it is made, so you can’t start insertion from the carboxyl end. Once you get to the carboxyl end, the protein is finished. You have to start from the first section to be inserted in the membrane, which in this case must be a section near, but not at, the amino end.  If the SP were on the amino end, there would be no cytoplasmic domain on the amino end of the protein. The growing chain starts going through the translocon when synthesis gets to the SP, about 40 AA in from the amino end. The amino end itself, the section before the SP, remains in the cytoplasm.  

We know the SP is not cut off, but becomes the first TM domain in the protein. If the SP were cut off, the amino end of the protein would be in the lumen of the ER or endosome. Since the SP is not removed, the 20 AA after the SP do not include a recognition site for signal peptidase. 
10. B-1. Recombinant protein P made on ER; B-2. Recomb. Protein P will end up in plasma membrane; B-3. Amino end will be in cytoplasm.
Explanation of 10B: Recomb. Prot. P has an SP, and therefore the growing chain will bind to the SRP and be carried to the ER. The protein will enter the translocon, starting with the SP, and leaving the amino end in the cytoplasm. Since the rest of the protein has no hydrophobic anchor sequences, the rest of the growing chain will go through the translocon, leaving the protein locked in the membrane by its SP, which is now a TM sequence. The SP will not be removed, as the 20 AA after the SP do not include a recognitions site for signal peptidase. (See above.) Since the protein has no additional localization signals (other than the SP) it will go to the Golgi and then to the plasma membrane in a default vesicle. Since the protein is locked into the membrane, it will not be secreted, but will become part of the plasma membrane. The protein domain that was inside the lumen (the carboxyl end) will now be extracellular and the protein domain that was in the cytoplasm (the amino end) will remain in the cytoplasm.  
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