Exam J. Bungert

1. Which of the following statement (s) is (are) true (5 points)
a. The activity of RNA polymerase II (RNA Pol II) is regulated in part by phosphorylation of the C-terminal domain (CTD).

b. TFII A has kinase activity and phosphorylates the CTD.

c. The TATA binding protein TBP interacts with the major groove in DNA and subsequent binding of TFII B induces a sharp bend.

d. RNA polymerase II transcription is sensitive to low concentrations of -amanitin.

e. ATP hydrolysis is not required for RNA polymerase II transcription.
2. The two human genes X and Y are located in close proximity on chromosome 2 and are expressed exclusively in the liver.  Gene X is expressed in both fetal and adult liver, whereas gene Y is expressed only at the fetal stage.  DNaseI hypersensitive sites (HS sites) have been mapped and are located in the promoter regions of the genes (HS1 and HS4), between gene X and Y (HS2 and HS3), and downstream of gene Y (HS5).  A DNA construct containing the two human genes and all of the HS sites recapitulates the expression patterns of the genes in transgenic mice.  Further analysis of mutant DNA constructs lacking one of the HS sites revealed the following:  Deletion of the promoter associated HS sites abolished expression of the respective genes.  Deletion of HS2 strongly reduced expression of gene X in fetal and adult liver cells.  Deletion of HS3 had no effect on expression of gene X but caused expression of gene Y in adult liver cells.  Deletion of HS5 reduced expression of gene Y at the fetal stage but did not affect expression of gene X.
                     Gene X                                     Gene Y


  

            HS:   1                2       3                   4                 5
In a few words, what is the function of HS2, HS3, and HS5 (discuss also the stage-specific activities of these elements), and what happens to Gene X, and possibly gene Y, if you reverse the order of HS2 and HS3? (10 points)
3. CTCF interacts with nucleophosmin and this interaction could tether some insulators to the periphery of nucleoli.  Design an experiment to test whether tethering to the peripheral region of the nucleolus is sufficient for insulator activity, with other words create an experimental (artificial) situation which would bypass the need for CTCF. (8 points).

4. The gene XRT is specifically expressed in T-lymphocytes.  Cell-type specific expression is mediated by a DNA sequence (TSE: T-cell specific element) located in the proximal promoter, just upstream of the TATA-box.  Mutations in the TSE strongly reduce expression of XRT in T-cells.  In vitro studies using electrophoretic mobility (or gel) shift experiments show that the DNA sequence interacts with a homodimeric helix-loop-helix protein, called TSEB (TSE binding protein).  TSEB is a T-cell specific activator with a molecular weight of 48 kda.  Biochemical characterization of the TSE binding activity in crude nuclear extracts from T-cells using glycerol gradient centrifugation revealed that TSEB sediments with a molecular weight of approximately 240 kda, suggesting that TSEB is complexed with other proteins in the nucleus.  These proteins could be co-activators.

a. How would you determine the identity of TSEB interacting proteins? (5 points).
b. How would you determine whether TSEB interacts with the XRT gene in vivo? (5 points).

c. What technique would you use to test whether TSEB is important for XRT gene expression in T-cell (in cell culture)? 5 points.

5. Which of the following statement(s) is (are) true. (5 points)

a. All genes transcribed by RNA polymerase III have gene internal promoters.

b. TFIIH is a RNA polymerase II specific transcription factor and not required for RNA Pol I and III transcription.
c. Different TFIIIB complexes are involved in transcription of tRNA genes and the U6 gene.

d. RNA polymerase I transcription is localized in the nucleolus.

e. A positioned nucleosome in the U6 promoter region influences is required for high level expression.

6. In a few words, what are characteristic features of euchromatin and heterochromatin? (4 points).

7. Negative cofactor 2 (NC2)                 transcription of TATA-box containing promoters, and                   transcription of DPE containing promoters (fill the gaps). (2 points). 
