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Review Questions for Exam #2 = Exam #2 of ‘10
A list of Abbreviations is at the end of the review questions.

On this page, circle ALL correct answers to each question.

1. Which of these genes during normal development do not have their histones bivalently methylated at H3K4 and H3K27 simultaneously? (Cdx2- trophoblast MRG) (Bry – mesoderm MRG) (Oct4) 

(Nkx2.5 – heart MRG) (none of these). Explain
2. The cell differentiation cascade during normal development progresses from one cell with the potential to become any cell type (high potency) to fully differentiated cells (low potency) forming all of the human cell types.

A. Which of the following progresses in the opposite direction, becoming more potent?

(mesoderm to heart) (inner cell mass to ectoderm) (creation of zygote using SNT)

(differentiation of iPS cells into neurons) (separation of trophoblast and inner cell mass)
(iPS cell creation) (none of these).

B. Which of the following changes increases potency and occur in the natural process of human development? (mesoderm to heart) (inner cell mass to ectoderm) (creation of zygote using SNT)

(differentiation of iPS cells into neurons) (separation of trophoblast and inner cell mass).

(iPS cell creation) (none of these). 

Explain A & B.
3. An individual described in the book “Middlesex” was born XY but was deficient in 5–reductase, the enzyme that converts testosterone to dihydrotestosterone. No other deficiencies were found. As a child which of the following should be present: (uterus) (penis) (clitoris) (scrotum) (testes) (ovaries) (labia major) (Wolffian duct derivatives) (Mullerian duct derivatives) (all of these). Explain.
4. The sex of an individual that competed in the Olympics as a woman was contested. 
A. Suppose this person was found to possess Wolffian duct derivatives. What could you expect regarding the fetal development of this individual, considering what is known regarding the process of sex determination? (ovaries are present) (testes are present) (male levels of testosterone)

(female levels of testosterone) (male levels of 5 –reductase) (female levels of 5 –reductase) 
(male levels of AMH) (female levels of AMH) (penis would be present) (clitoris would be present).

B. What could you determine regarding this individual’s chromosomes and the expression of genes on those chromosomes during fetal development? (XX individual) (XY individual) (Sry expressed) (testosterone receptor expressed) (AMH receptor expressed)
C. If this individual had both Mullerian and Wollfian ducts what could you conclude?

(granulosa cells are okay) (granulosa cells aren’t functioning properly) (Leydig cells are okay)

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

(thecal cells aren’t functioning properly) (Sertoli cells aren’t functioning properly) (none of these). 
Explain A – C.
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Problems 5 & 6 are about the expression of the genes in an imaginary retrovirus. The integrated DNA of the virus is shown at the end of the exam. Read the information provided, and answer the questions.
5. Base your answers on the DNA shown. Assume for problems 5 & 6 that the splice sites shown are the only ones, and that all splice sites shown can be used in all possible combinations.
A-1. How many different primary transcripts can be made from the DNA shown? (1) (2) (3) (4) (5) (6) (>6).
A-2. How many different mRNAs can be made from the DNA shown above? (2) (3) (4) (5) (6) (>6).
A-3. Suppose you compare two different mRNAs. What of the following base sequences should be the same?
(sequence immediately upstream of the cap) (sequence immediately upstream of the poly A) (both) (neither)

(one or the other, but not both) (can’t predict).   Explain A briefly.
B. Assume the first AUG from the 5’ end of an mRNA must be used to start translation.

B-1. To make rev protein, it is necessary to splice the transcript (once) (twice) (3X) (4X) (>4X)  (not at all).
B-2. To make vif protein, you need (no splicing) (an additional 5’ splice site) (an additional 3’ splice site)
(two new splice sites – a 5’ and a 3’) (only the splice sites shown). Explain B briefly.
6. Rev protein binds to a sequence of bases in the retrovirus RNA. (It doesn’t bind to DNA.)  The sequence that rev binds to is in the intron in the rev gene; the binding site is called the RRE (rev response element).
A-1. Where should rev mRNA be translated? On ribosomes that are (attached to ER or ONM) (inside the ER) (attached to ONM and/or INM) (free in cytoplasm) (attached to the Golgi) (in nucleolus) (in nucleoplasm).
A-2. The gene for rev must encode (one or more hydrophobic regions) (an M6P addition site) (a PLS) (an NLS) (none of these) (a site for glycosylation) (none of these). Circle all correct answers for A-2, and explain briefly.
B. If rev protein or the RRE, is missing, RNA coding for gag protein is not transported to the cytoplasm. Rev does not affect splicing.
B-1. The RRE is best described as a (trans acting sequence) (cis acting sequence) (either way).
B-2. Regulation of RNA transport by rev is best described as (positive control) (negative control) (either way).

B-3. Gag protein is probably translated from RNA that has been spliced (once) (twice) (3 times) (more than 3X) (not at all).  Explain B briefly.
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7. In interphase, protein X is found mostly in nucleoli. Protein X is required for ribosomal subunits to reach the cytoplasm. During mitosis, protein X and a marker protein for nucleoli (called B23) are both dispersed. Both proteins (B23 & protein X) co-localize during mitosis until telophase. The proteins separate when nuclei and nucleoli reform -- B23 ends up in back in nucleoli but protein X ends up (temporarily) in the cytoplasm. The protein X re-enters nucleoli in G1, after transcription of rRNA begins.
A-1.  How many bilayers of lipid separate protein X in the cytoplasm from protein X in the nucleolus?

(0) (1) (2) (3) (4) (>4).

A-2. When protein X moves from the cytoplasm to the nucleolus in G1, how many different transport complexes must be used to cross the intervening bilayers? (0) (1) (2) (3) (4) (>4).
A-3. Normal protein X should bind to (importin) (exportin) (both) (neither) (one or the other but not both).

A-4. During interphase, after G1, normal protein X should (remain in nucleoli) (travel from nucleoli to the cytoplasm) (travel from the cytoplasm to nucleoli) (travel in both directions) (can’t predict). Explain A briefly.

B. There is a mutant of protein X. This mutant protein enters nucleoli in interphase, and co-localizes with B23 throughout all of mitosis – when nucleoli reform, the 2 proteins remain together, and nucleoli contain both B23 and mutant protein X.

B-1. Normal protein X probably contains a (NLS) (NES) (both) (neither) (one or the other but not both).

B-2. Mutant protein X probably contains a normal (NLS) (NES) (both) (neither) (one or the other but not both).

B-3. In cells containing mutant protein X (but no normal protein X), ribosomal subunits should

(pile up in the cytoplasm) (pile up in the nucleolus) (neither) (either way).   Explain B briefly.
8. In most infected cells, HIV is quiescent -- transcription of HIV integrated DNA is very low.  If infected cells are exposed to TPA or other stimuli, transcription levels increase over 100X and virus particles are produced. Chromatin has been isolated from infected cells (low levels of transcription) and those exposed to TPA (high levels of transcription). The chromatin has been treated with various DNases and restriction enzymes, and then the proteins have been removed and the remaining DNA examined.
A. If you remove the proteins from all the chromatin isolated from interphase cells, how many types of histones should you get? (1) (2) (3) (4) (5) (6) (7) (8) (>8) (depends how cells were grown).  No explanation required.
B. In the chromatin from the promoter region of HIV, there is a region of DNA 252 BP long. This is readily digested by DNases and restriction enzymes. This region is in the same state whether cells have been treated with TPA or not.
B-1. This region probably represents DNA that is in (one nucleosome) (a spliceosome) (a proteasome)

(a linker between two normally placed nucleosomes) (several nucleosomes) (a ribosome) (none of these).
B-2. When transcription occurs, this region is probably directly bound to (RNA pol II) (RNA pol I) (transcription factors) (co-activators) (histones) (cis-acting factors) (enhancers). Explain B briefly.
C. The first 144 BP of DNA right after the start of transcription is readily digested in chromatin from cells treated with TPA, but not in chromatin from untreated cells. The rest of the DNA in the transcribed region of chromatin is equally susceptible to digestion, whether TPA is added or not.

C-1. Before TPA was added, the 144 BP region was probably (in a core nucleosome) (in a linker between two normally placed nucleosomes) (in a nucleosome-free region) (partly in a core nucleosome and partly in a linker).
C-2. Before TPA was added, the first nucleosome in the transcribed region was positioned (randomly) (exactly) (either way) relative to the start of transcription.  Explain C briefly.
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9. Read the information at the end of the exam about Gaucher disease and EndoH.
A. In normal people, most of the enzyme G should be (sensitive to EndoH) (resistant to EndoH) (can’t predict).

B. In people with Gaucher disease, most mutant enzymes misfold, and are degraded. The mutant enzymes are most likely to be degraded in (lysosomes) (proteasomes) (peroxisomes) (spliceosomes) (ribosomes).
C. In people with Gaucher disease, you are most likely to find high or normal levels of enzyme G molecules in (ER) (cis-Golgi) (trans-Golgi) (ER & Golgi) (lysosomes) (peroxisomes) (all parts of the EMS)
(none of these) (all of these).
D. You want to find a reasonable way to alleviate the symptoms of Gaucher disease. (You can add normal enzyme, but it’s very expensive.) Your best bet would be to add a small molecule drug that

(increases the enzymatic activity of enzyme G) (acts like a chaperone) (acts like M6P)

(increases the enzymatic activity of EndoH) (increases the enzymatic activity of signal peptidase). Explain briefly what is happening in people with Gaucher disease, and why your drug should help.
10. Suppose protein E is coded for by gene E. Protein E is found in endosomes. It has 12 transmembrane (TM) sequences, and both ends are in the cytoplasm. Suppose that the cytoplasmic domain on the amino end is 40 amino acids long, and the cytoplasmic domain on the carboxyl end is 50 amino acids long.

A-1. Gene E should code for a signal peptide that is (at one end of protein E) (40 amino acids from one end)
(50 amino acids from one end) (more than 50 amino acids from one end) (at either end) (can’t predict).

A-2. After protein E is made, the signal peptide should (be degraded) (become a TM segment)

(stick out into the cytoplasm) (stick out into the lumen of the EMS) (can’t predict).  Explain A briefly.
B.  Suppose you have a normal cytoplasmic protein, say an enzyme of glycolysis. Call it protein P, coded for by gene P. You use genetic engineering to insert the segment of gene E coding for the signal peptide plus the following 20 amino acids (of protein E) into the middle of gene P. You use the recombinant gene P to make recombinant protein P.
B-1. Which of the following will be made on ribosomes attached to the ER? (normal protein P)

(recombinant protein P) (both) (neither) (can’t predict).

B-2. Recombinant protein P is likely to end up (in the Golgi) (in the ER) (in the plasma membrane)
(in an endosome) (secreted) (in the cytoplasm) (in the plasma membrane or secreted) (in some part of the EMS).

B-3. When recombinant protein P reaches its final destination, which end(s) will be in the cytoplasm?

(amino end) (carboxyl end) (both) (neither) (can’t predict).

Explain B briefly.
C2006/F2402 ’11 

Review Questions for Exam #2-- Useful Information



For Problems 5 & 6
Below is the integrated DNA of an imaginary retrovirus. (It is a simplified version of HIV.) Gag, vif, vpr, rev, and nef are viral genes. When the retrovirus enters a cell, it makes a DNA copy of the RNA in the virus particle, and inserts the DNA copy into the normal cell DNA.  When it is time for the virus to replicate, the integrated DNA is transcribed to make RNA. Some of the RNA acts as mRNA and some is put into new virus particles (in the cytoplasm).
The integrated DNA has one promotor (before gag, on the left) and one poly A addition site after nef.

The sense strand of the transcribed part of the DNA is shown below.
5’ donor splice sites are shown above the DNA (↓) and 3’ acceptor sites are shown below (↑).

…….  =  intron in middle of rev gene.  Bent arrow indicates the start of transcription.
        ↓




     ↓

_____(--Gag---(
vif 
vpr 
rev………..rev 
nef       _





          ↑
      
    ↑

For problem 9.
N-glycosylation starts in the ER, but is finished up in the medial Golgi. Oligosaccharides that have been completely modified are resistant to (not degraded by) the bacterial enzyme endoglycosylase H (EndoH). Oligosaccharides that have been modified in the ER, but not in the Golgi, are sensitive to (degraded by) EndoH.

In people with Gaucher disease, one of the lysosomal enzymes (enzyme G) is defective. However there is no correlation between the level of enzyme G activity (from cells of patients with different mutations), and the severity of the symptoms. However, there is a strong correlation in patients between the sensitivity of their mutant enzyme G to EndoH and their symptoms. (You have to figure out which way the correlation goes.)

List of Abbreviations & Acronyms

AMH = anit Mullerian hormone

BP = base pairs

EMS = endomembrane system

EndoH = endoglycosylase H

ER = endoplasmic reticulum

G1 = Gap1 phase of cell cycle

HIV = human immunodeficiency virus

INM = inner nuclear membrane

iPScells = induced pluripotent stem cells

MRG = master regulatory gene

M6P = mannose -6-phosphate

NES = nuclear export signal

NLS = nuclear localization signal

ONM = outer nuclear membrane

PLS = peroxisomal localization signal

RNA pol = RNA polymerase

RRE = rev response element

SCNT = somatic cell nuclear transfer

SP = signal peptide

TPA = tissue plasminogen activator = activation signal

TM = transmembrane
