Answers to Weaver end of chapter questions

 SEQ CHAPTER \h \r 1Chapter 16  Other Post-Transcriptional Events
1. See Figure 16.2, top line.  The 45S RNA is the mammalian rRNA precursor.

2. RNase P removes the extra nucleotides at the 5'-end of a tRNA precursor.  It is unusual in that it contains both an RNA and a protein subunit, and the RNA subunit (the M1 RNA) has the catalytic center.

3. For cis-splicing, see Figure 16.8.  For trans-splicing, see Figure 14.4.  The difference between cis- and trans-splicing centers on the shape of the splicing intermediate.  It is Y-shaped in cis-splicing and lariat-shaped in trans-splicing.  These shapes are also shown in Figure 16.9.

4. See Figure 16.10.  Figure 16.9 explains how the production of a labeled 100-nt piece of RNA is consistent with cis-, but not trans-splicing.

5. RNA editing is the change in base sequence of an RNA after it is synthesized.  This occurs naturally by adding or subtracting UMPs, or by deaminating AMPs to IMPs, or CMPs to UMPs.  A cryptogene is a gene that gives rise to an RNA that will be edited.  Figure 16.12, top, shows the sequence of the COXII cryptogene.

6. See Figure 16.14.  PCR using edited 3'-primers and unedited 5'-primers yields a signal, but PCR using unedited 3'-primers and edited 5'-primers does not.

7. See Figure 16.18.

8. See Figure 16.17.  This Northern blot, probed with oligonucleotides that should hybridize to gRNAs, shows signals corresponding to the gRNAs.

9. Mice with a defective ADAR2 gene die shortly after weaning, showing that this gene is essential for life.  ADAR2 is known to deaminate a specific adenosine in the transcript of a gene (GluR-B) encoding an ion channel, changing it to an inosine, and changing the meaning of the codon from glutamine to arginine.  Seeburg and colleagues mutated this codon so it encoded arginine, then tested this mutated gene in mice with a defective ADAR2 gene.  The ADAR2 mutation was no longer lethal, showing that the GluR-B transcript is the only critical target of ADAR2.

10. See Table 16.1.  A pulse-chase experiment to measure the half-life of casein mRNA in mammary gland cells shows that this half-life increases over 20-fold upon stimulation by prolactin.  On the other hand, the rate of synthesis of casein mRNA increases only 2-3-fold on stimulation by prolactin. 


11. Ferritin and the transferrin receptor are both directly involved in iron homeostasis.  As iron concentration increases, ferritin levels increase and transferrin levels decrease.  Decreases in iron concentrations have the opposite effects.

12. See Figure 16.21.  A gel mobility shift assay measures the interaction between an unknown protein and an RNA containing five IREs.  Furthermore, this interaction could be blocked by a competitor RNA containing IREs, but not by an RNA lacking IREs.

13. See Figure 16.22.  The TRS-3 mutant, which lacks IREs, is iron-unresponsive and stable, even under high iron conditions.  The TRS-4 mutant, which lacks a single C in each IRE loop, is iron-unresponsive and unstable, even under low iron conditions.  These effects can be rationalized as follows: The TRS-3 mutant, because it lacks IREs, has lost the rapid turnover determinant that makes the RNA vulnerable to RNase attacks.  It is therefore not susceptible to rapid degradation, even when iron concentrations are high.  The TRS-4 mutant has the rapid turnover determinant, but its IREs are mutated so they cannot bind the IRE-binding protein (aconitase apoprotein).  Thus, this RNA is susceptible to rapid degradation even under low iron conditions.

14. See Figure 16.23.

15. See Figure 16.25.  Compare panels (b) and (d).  This experiment measured the mex-3 mRNA levels by in situ hybridization, and the mRNA is undetectable in panel (d), which is undergoing RNAi as a result of treatment with dsRNA corresponding to part of the mex-3 mRNA.

16. See Figure 16.29 for an overall scheme.  Details of the assembly of the RISC are shown in Figure 16.32.

17. See Figure 16.31.  Two different siRNAs caused cleavage of a target mRNA at predictable places in vitro in the presence of Ago2 alone.  Thus, Ago2 must have slicer activity and can form a minimal RISC on its own.

18. R2D2 holds one end of the siRNA, while Dicer holds the other.  Dicer alone cannot maintain contact with siRNAs once it has made them, so R2D2 helps it with that task.  If R2D2 is absent or mutated, Dicer loses its grip on siRNAs before it can deliver them to the RISC.

19. See Fig. 16.32.

20. See Figure 16.35.  In order to describe the situation in mammals, this model would have to be modified in two ways.  First, mammals, unlike fission yeast, lack RdRP activity, so any dsRNA produced must be the product of transcription of both strands within the centromeric region.  Second, mammalian DNA, as well as histones, is susceptible to methylation, so the RNAi machinery probably attracts the DNA-methylation, as well as the histone-methylation enzymes.

21. Flowering plants have two RNA polymerases not found in other eukaryotes.  RNA polymerase IV creates the 24-nt siRNAs from heterochromatic regions of the genome that are required for transcriptional gene silencing and heterochromatization in plants.  RNA polymerase V produces longer transcripts of both heterochromatic and euchromatic regions.  The transcripts from heterochromatic regions can presumably base-pair to siRNAs from the same regions and thus attract the silencing machinery, much as in centromeric gene silencing in fission yeast.  The major difference between the proposed mechanisms in flowering plants and fission yeast is that the transcripts from heterochromatic regions are produced by polymerases IV and V in flowering plants, and by polymerase II in fission yeast.
22. Relatively long non-siRNA transcripts are made by RNA polymerase V in flowering plants.  If the largest subunit of this polymerase is mutated so the enzyme can no longer produce transcripts, gene silencing of heterochromatic regions is blocked.
23. In fission yeast, serine 10 of histone H3 in centromeric heterochromatin becomes phosphorylated during mitosis.  That leads to the loss of methylation of lysine 9 of histone H3, and thus to the loss of the Swi6 protein that is required for heterochromatization.  Thus, the chromatin opens up enough to produce some transcripts during S phase.  In flowering plants, polymerases IV and V make the double-stranded RNAs that attract the silencing machinery.  Because these polymerases appear not to start at promoters, they can apparently transcribe chromatin that is silenced with respect to polymerase II.

24. See Figure 16.36, which shows how a green fluorescent protein (GFP) reporter gene can be silenced by targeting its control region with an siRNA.  This study also shows that the DNA methylation inhibitors TSA and 5-azaC block this silencing, demonstrating that DNA methylation is involved in silencing.

25. Dicer produces siRNAs by chopping up double stranded RNAs that result from virus infection, transposon activity, transgene activity, or transcripion in centromeric regions.  Dicer also produces miRNAs, but its substrates for this task are a group of stem-loop RNAs that  produced as products of normal cellular genes. 

For siRNA production in Drosophila, the key players are Dicer, Argonaute2, DCR-2, R2D2, and probably Armitage.  For miRNA production in humans, the key players in the Drosha pathway are RNA polymerase II, Pasha, Drosha, and Dicer.  For the mirtron pathway, they are RNA polymerase II, the spliceosomal proteins and snRNAs, and Dicer.
26. The sense strands of the siRNAs are made by transcription beginning upstream of the normal start site, within the promoter itself.  These transcripts can be detected by “pull-down” experiments using biotin-tagged promoter antisense RNAs coupled to avidin-tagged magnetic beads.  They can be quantified by real-time RT-PCR.  In one experiment, they were found in a ratio of 1:570 with normal transcripts.

27. Compare Figures 16.29 and 16.40 (left).  Animal siRNAs usually base-pair perfectly with their target mRNAs and cause mRNA degradation.  By contrast, animal miRNAs usually base-pair imperfectly with their target mRNAs and block a step in translation.

28. If animal miRNAs base-pair perfectly or near-perfectly to their target mRNAs, they usually cause mRNA degradation.  Evidence comes from two experiments.  In one, the mouse HOXB8 mRNA was targeted with the miR-196 RNA, which base-pairs nearly perfectly to it.  RACE analysis showed that the mRNA was broken at the site to which the miRNA hybridizes.  In the second, the target site for miR-196 RNA was transplanted into the luciferase reporter gene.  Again, RACE analysis showed cleavage of the mRNA at the site of base-pairing.

29. An miRNA can stimulate translation of the TNF SEQ CHAPTER \h \r 1α mRNA under serum starvation conditions.  Joan Steitz and colleagues first noticed that the mRNA’s ARE is required for this stimulation, which suggests miRNA involvement.  She searched the human genome to find coding regions for miRNAs whose seed regions are complementary to the ARE and found five candidate miRNAs.  By gene cloning, Steitz and colleagues attached the TNF SEQ CHAPTER \h \r 1α mRNA ARE coding region to the firefly luciferase reporter gene and then looked for the effect of serum starvation on luciferase gene expression.  Using an RNase protection assay, they showed that only one of the candidate miRNAs, miR369-3 had any effect, and it caused an increase in luciferase mRNA concentration.  This effect was blocked by an siRNA that targeted miR369-3.  These workers also showed a five-fold increase in luciferase production under serum starvation conditions, and again an siRNA targeting miR369-3 blocked the positive effect.  To show the importance of base-pairing between the miRNA and the ARE, Steitz and colleagues used an intergenic suppression approach.  They mutated the ARE to decrease complementarity with the miR369-3 seed region and found that this reduced the stimulatory effect to zero.  Then they added a mutant miR369-3 with restored complementarity to the altered ARE and found that this restored the positive effect of the miRNA on luciferase production upon serum starvation.
30. Izzauralde and colleagues tethered GW182 to a firefly luciferase reporter mRNA by the following strategy:  They added five  SEQ CHAPTER \h \r 1λ phage box B coding sequences to the luciferase gene.  They also added the coding region for the N-peptide of the  SEQ CHAPTER \h \r 1λ phage N protein to the gene for GW182.  Because the N-peptide of the N protein binds to box B, engineered GW182 protein will bind to the engineered luciferase mRNA.  With the SEQ CHAPTER \h \r 1 λN-GW182 protein thus bound to it, the luciferase mRNA suffered a 16-fold reduction in expression, compared to a luciferase mRNA tethered to just the SEQ CHAPTER \h \r 1 λN protein itself.  To check for reduction in mRNA concentration, Izzauralde and colleagues performed Northern blots on cells with mRNA tethered to λN-GW182 or to the λN protein itself.  There was just a four-fold reduction.  Thus, there must also be an approximately four-fold reduction in translation due to GW182.
31. 

a). See Fig. 16.44.  Western blots showed that CAT-1 concentration was lower in Huh7 cells than in three other human cell lines.  Meanwhile, Northern blots showed that CAT-1 mRNA levels were the same in all four cell lines.  Thus, control of CAT-1 expression is occurring, and, since it is not at the transcription or mRNA stability levels, it appears to be at the translational level.  The miRNA miR-122 was implicated in this control because it is expressed only in Huh7 cells, not the other three cell lines.  To nail down the importance of miR-122 in this control, Filipowicz and colleagues added an anti-miR-122 oligonucleotide and showed that this abolished the control.
b). The same assays as in part (a) showed that the control of CAT-1 expression did not operate in starved (stressed) cells.  That is, starvation caused a rapid four-fold increase in CAT-1level, but not in CAT-1 mRNA level, in Huh7 cells.  Thus, starvation causes enhanced translation of preexisting CAT-1 mRNA, showing that the normal repression of CAT-1 translaltion in Huh7 cells can be overcome by stress.

c). When Filipowicz and colleagues linked a CAT-1 mRNA region containing the miR-122 binding site to the luciferase reporter mRNA, the production of luciferase was stimulated by starvation, whereas no such stimulation occurred in the absence of the miR-122 binding sites.  Thus, miR-122 mediates the stimulation of translation under starvation conditions.  However, when the CAT-1 mRNA region linked to the luciferase mRNA was reduced to the  miR-122 binding site only, the responsiveness to starvation disappeared.  Adding back the part of the 3’-UTR from the miR-122 mRNA that contains a binding site for the RNA-binding protein HuR restored responsiveness to starvation, suggesting that HuR is required for the starvation response.
d). See Fig. 16.45.  Filipowicz and colleagues used immunofluorescence to detect the CAT-1 mRNA in P-bodies under starved and unstarved conditions.  They found the CAT-1 mRNA in P-bodies in fed cells, but this mRNA exited the P-bodies if the cells were treated with an anti-miR-122 RNA.  On the other hand, this mRNA was not found in P-bodies in starved cells.  Filipowicz and colleagues also looked for the CAT-1 mRNA in polysomes by displaying the polysomes by sucrose gradient ultracentrifugation and probing each gradient fraction by Northern blotting.  The CAT-1 mRNA was found to associate much better with polysomes in starved than in fed cells.

Analytical Questions

1. As dicer dsRNA progressively blocks RNAi by causing degradation of dicer mRNA, there is less and less Dicer to produce dicer siRNA.  This limits the destruction of dicer mRNA, ensuring that there will always  be at least a small amount of it, so RNAi is never completely abolished.

2.

a. With no aconitase to bind to the IREs, the TfR mRNA would be constantly open to attack, and therefore produce a constitutively low level of mRNA.

b. With iron unable to bind to aconitase, the apoprotein would remain bound to the IREs, even in high iron conditions.  Because the apoprotein protects the mRNA from degradation, there would be a constitutively high level of mRNA.

c. See part a.

3. Ambros and colleagues showed that the drop in LIN-14 level at the end of the first larval stage (L1) in C. elegans depends on the lin-4 miRNA.  (Mutations in the lin-4 gene prevent the drop in LIN-14.)  Western blots show that the LIN-14 protein level drops at least 10-fold at the end of L1, but nuclear run-on assays show that the steady-state level of lin-14 mRNA drops less than 2-fold.  This suggested that the miRNA acts at the translation level, but Ambros and colleagues were not able to pin down the part of translation that was blocked.

On the other hand, Pasquinelli and colleagues used Northern blots to show that lin-4 miRNA actually caused a 4-fold decrease in lin-14 mRNA at the end of L1.  Thus, mRNA destruction may also play a role in the decrease in LIN-14 protein.
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