Answers to Weaver end of chapter questions

 SEQ CHAPTER \h \r 1Chapter 17  The Mechanism of Translation I: Initiation 
1. See Figures 17.3 and 17.4.  Matthew Meselson and colleagues labeled ribosomes in E. coli with heavy isotopes, then shifted the bacteria to medium containing the corresponding light isotopes for 3.5 generations.  Then they measured the densities of the ribosomes and found that they were hybrids of heavy and light ribosomal subunits.  Thus, ribosomes must have dissociated and reassociated.

2. IF1 stimulates ribosome dissociation, and IF3 binds to dissociated 30S particles and prevents their reassociation with 50S particles.  Severo Ochoa and colleagues provided evidence for the role of IF3 by using sucrose gradient ultracentrifugation to measure the dissociation of ribosomes.  They found that the more IF3 they added, the more the equilibrium shifted toward dissociation.  

3. The two methionyl tRNAs are called tRNAMetf and tRNA Metm.  The former participates in initiation by inserting fMet at the amino terminus of a nascent polypeptide.  The latter participates in elongation by inserting Met into the interior of a nascent polypeptide.

4. See Figure 17.6.  The start codon for the replicase gene is buried in secondary structure that involves a sequence within the coat gene.  As the coat gene is being translated, the ribosome melts this secondary structure, freeing up the replicase start codon so the replicase gene can be translated.

5. The most convincing evidence for the importance of base-pairing between the Shine-Dalgarno (SD) sequence in the mRNA and the 16S rRNA comes from an intergenic suppression experiment by Anna Hui and Herman De Boer (p. 529).  They cloned a human growth hormone (hGH) gene into an E. coli expression vector, and obtained large quantities of hGH.  Then they changed the SD sequence of the expression vector so it could no longer base-pair with the 16S rRNA.  This blocked production of hGH.  Finally, they provided a copy of the 16S rRNA gene with its sequence altered to be complementary to the mutated SD sequence.  This restored expression of the mutant gene.

6. See Table 17.1.  IF3 by itself can stimulate binding of mRNA to either 30S ribosomal particles or whole ribosomes.  IF1 and IF2 can help IF3 in this task, but they cannot provide any stimulation on their own, or even together.

7. See Figure 17.8.  GTP and GDPCP are equally efficient in stimulating formation of the 30S initiation complex.  Because GDPCP cannot be hydrolyzed, this means that GTP hydrolysis is not necessary for initiation complex formation.

8. See Figure 17.10.  GTP, but not GDPCP, can support dissociation of labeled IF2 from the ribosome.  Thus, GTP hydrolysis is required for this dissociation.

9.  IF2 by itself can stimulate binding of fMet-tRNAMetf to 30S ribosomal particles.  IF1 and IF3 can aid in this task, but neither, on its own or together with the other, can provide any stimulation.

10. See Figure 17.11.

11. The Shine-Dalgarno sequence is a sequence of seven bases (consensus: AGGAGGU) just upstream of the initiation codon in bacterial mRNAs.  The function of this SD sequence is to base-pair with a complementary sequence at the 3'-end of the 16S rRNA, and thereby recruit the mRNA to the 30S ribosomal particle.  This process also sets off the initiation codons from internal AUGs.  The Kozak consensus sequence is CCRCCAUGG, where R is either A or G, and the AUG is the initiation codon.  Its function is to identify the AUG as an initiation codon, and induce the scanning 40S ribosomal particle to stop there and initiate translation.

12.  ACCAUGG.  The two most important sites are the first A (in the -3 position with respect to the A of the AUG, which is +1), and the last G (in the +4 position).

13. See Figure 17.12.

14. See mutant F9 in Figure 17.14.  Here, an out-of-frame upstream AUG is in bad context (U’s in the -3 and +4 positions), and the 40S ribosome scans through that AUG and initiates at the downstream AUG at the beginning of the preproinsulin gene.  We know initiation begins there because plenty of proinsulin is made.   If the out-of-frame upstream AUG were used, no proinsulin would be made (see mutant F1, with the upstream AUG in good context).  Mutants F6, F7, and F8 make the same point as mutant F9, but less strongly.

15. When there is an in-frame stop codon between the two ORFs defined by the two AUGs, and the upstream ORF is short.

16. See Figure 17.15.  If the sequence before a hairpin is too short (construct 1), translation is weak.  If the hairpin is too stable (construct 4) translation is undetectable.  Also, a hairpin just downstream of an AUG (not shown in the figure) can arrest a scanning 40S ribosomal particle so it can recognize the AUG and this stimulates translation.

17. See Figure 17.17.

18. See Figure 17.18.  A labeled affinity reagent resembling a cap was bound covalently to the cap-binding protein.  Electrophoresis and autoradiography identified a labeled 24-kD band (eIF4E).

19. See Figure 17.19.  The capped mRNA was from Sindbis virus, and the uncapped mRNA was from encephalomyocarditis virus (a picornavirus).

20. See Figure 17.20.  eIF4F contains eIF4E, eIF4A, and eIF4G.

21. See Figure 17.21.  Using a labeled RNA helicase substrate, and gel electrophoresis to separate the unwound monomers from the dimer substrate, Pause and Sonenberg showed that eIF4A has RNA helicase activity.  Furthermore, while eIF4B has no helicase activity of its own, it can stimulate the helicase activity of eIF4A.

22. The picornavirus genome is also its mRNA, and this mRNA closely resembles a normal mammalian mRNA, except that it is not capped, but it has an IRES.  The virus takes advantage of this difference by clipping off a piece of the host cell’s eIF4G, so it can no longer bind to eIF4E.  This blocks binding of all the host’s capped mRNAs to the 40S ribosomal particle, so host mRNAs are not translated.  On the other hand, the clipped eIF4G is still capable of binding to the virus’s IRES, so the virus mRNA can still be translated.  In this way, the virus diverts all of the cell’s translation machinery to making viral proteins instead of host proteins.  The hepatitis C virus (HCV) is also uncapped and has an IRES, but this IRES interacts directly with eIF3 instead of with eIF4G.  Thus, both eIF4E and eIF4G are dispensible for making this virus’s proteins.

23. See Figure 17.25.  Pestova and colleagues formed complex I on a labeled mRNA, then added eIF1 and eIF1a in the absence and presence of an excess of an unlabeled competitor RNA.  If the 40S ribosomal subunit in complex I could simply continue scanning on the original RNA to form complex II, the competitor RNA should not have interfered with labeled complex II formation, but it did interfere, and strongly.

24. IF2 delivers the initiator aminoacyl-tRNA to the bacterial small ribosomal subunit.  Then, using a ribosome-stimulated GTPase, IF2 exits the small subunit, leaving it ready to accept the large ribosomal subunit.  Like IF2, eIF2 delivers the initiator aminoacyl-tRNA (Met-tRNAMeti in eukaryotes) to the small ribosomal subunit.  However, it lacks a GTPase activity, which is supplied by eIF5.  Even though this GTPase can remove eIF2 from the small subunit, that subunit is not competent to accept the large subunit.  It takes eIF5B, in conjunction with eIF5, eIF2, (and eIF3) to hydrolyze GTP, remove eIF2 from the small subunit, and leave the small subunit ready to accept the large subunit.  eIF5B is homologous to IF2, and both have ribosome-stimulated GTPase activities, but IF2 can stimulate its own release from the small subunit and leave the small subunit ready to accept the large subunit.  The latter activity is carried out by eIF5B in eukaryotes.

25. See Figure 17.26.  The AUG initiation codon in the rpoH mRNA is buried in secondary structure at normal temperatures, but this structure is relaxed at higher temperatures, allowing the mRNA to be translated.  Yura and colleagues made mutations that strengthened the secondary structure, and these weakened induction by high temperature.  On the other hand, mutations that weakened the secondary structure allowed translation at lower temperatures.

26. See Figure 17.28.  Thiamine pyrophosphate (TPP) can bind to the thiM mRNA and force it into a conformation in which translation is repressed because the Shine-Dalgarno sequence is hidden in secondary structure.  Breaker and colleagues provided evidence for this hypothesis by doing in-line probing to detect secondary structure in part of the ThiM mRNA.  They found that the SD sequence was less subject to spontaneous cleavage (revealing a high content of secondary structure) in the presence of TPP than in the absence of TPP, where secondary structure around the SD sequence was lower.

27. See Figure 17.29.

28. See Figure 17.30.

29. See Figure 17.33.  Monro and colleagues used mRNAs having the cat reporter gene transcript flanked by the 5'- and 3'-UTRs of the rat ferritin L gene.  When part of the 5'-UTR, including the IRE, was deleted, translation (measured by CAT activity was just as strong in the absence of hemin (low iron) as in its presence (high iron).  By contrast, translation was still iron-sensitive when the IRE was intact and the 3'-UTR was deleted.  Thus, the IRE appears to be required for iron-inducibility.

30. Under low iron conditions, the aconitase apoprotein is bound to the ferritin mRNA IRE and represses translation.  However, when iron accumulates, it binds to the aconitase apoprotein, removing it from the IRE, allowing more translation of the ferritin mRNA.  This effect would not be seen in an artificial situation in which the ferritin gene is driven by a strong promoter, because so much mRNA would be produced that it would overwhelm the amount of aconitase apoprotein available, and therefore no induction would be necessary.

31. The let-7 miRNA blocks translation initiation, probably by blocking association between eIF4E and the mRNA cap.  Filipowicz and colleagues first used RL and FL luciferase reporter genes to show that gene expression was inhibited at least 10-fold by let-7 miRNA having perfect complementarity to a sequence in the mRNA 3'-UTR, or having a 3-bp mismatch (3x Bulge).  The miRNA with perfect complementarity caused a 5-fold depression in mRNA concentration, suggesting that it was acting at the level of mRNA stability.  On the other hand, the 3x Bulge miRNA decreased mRNA concentration only marginally, suggesting that its effect was on translation.  Filipowicz and colleagues also examined fractions from a sucrose gradient ultracentrifugation polysome profiles by Northern blotting, and hybridizing the blots to an RL probe (see Figure 17.34).  They found that the 3x Bulge miRNA caused association of the mRNA with smaller polysomes, suggesting that it blocked translation initiation.  Finally, these workers tethered eIF4E or eIF4G to the mRNA upstream of the RL initiation codon and found that this prevented the blocking effect of the miRNA.  Since this mRNA had its own initiation factors already attached, this experiment supported the hypothesis that the miRNA acts by blocking association with one or more of those factors.

Analytical Questions

1. Here is the structure of a fictitious mRNA to be used in the toeprint assay:

  <---------30 nt--------><-7 nt->    <---------------------57 nt---------------------><--13 nt--->

5'________________SD____AUG_________________________________CUU_____PBS___

The SD is the Shine-Dalgarno sequence, the AUG is the initiation codon, the CUU is the first leucine codon, and the PBS is the primer binding site.  To perform the toeprint assay, you add the ribosomal subunits and the cell-free extract, then you add the primer and reverse transcriptase to make an extended primer.  The conditions are:  

1) 30S ribosomal subunits alone.  These should bind to the SD sequence just upstream of the AUG.  Since the ribosome is large, let us assume that it covers the AUG initiation codon.  Thus, the extended primer should be 57 + 13 = 70 nt long.

2) 50S ribosomal subunits alone.  These will not bind bin themselves, so a run-off reverse transcript should be made.  This will be 13 + 57 + 3 + 7 + 30 + 110 nt long.

3) Both ribosomal subunits and all amino acids except leucine.  The ribosome will initiate translation and move to the first leucine codon, which is 13 nt upstream of the PBS. Thus, the extended primer should be at most 13 nt long.  (In practice, it would be even less because the ribosome would cover some nucleotides beyond the CUU leucine codon.

2. 

a. The amber mutation would cause premature termination of coat gene translation only six codons downstream of the start codon.  Thus, no coat protein would be produced.  Furthermore, with no ribosomes moving through the part of the coat gene that is base-paired to the replicase gene, no replicase protein would be produced, either.

b. Secondary structure around all the R17 phage initiation codons is inhibitory.  Therefore, weakening the base-pairing in the stem loop surrounding the coat protein initiation codon would stimulate coat gene translation and, because replicase gene translation depends on coat gene translation, this would stimulate replicase gene translation as well.

c. With the coat gene initiation codon buried in secondary structure, neither the coat gene nor the replicase gene would be translated.

3. 

a. Changing the first two C’s to G’s would create the sequence GGGAUGG at the first AUG, which is an ideal context for an initiation codon.  Thus, the first AUG, rather than the second, would be used as the initiation codon.

b. As in part (a), the changes of C’s to G’s would activate the first AUG as an initiation codon.  However, the mutation of the in-frame UAU to UAG creates a stop codon only five codons downstream of the first initiation codon.  This will cause the synthesis of a pentapeptide and should allow reinitiation at the second AUG.

c. These mutations greatly weaken the context of the second AUG, so ribosomes should bypass it and initiate at the third AUG further downstream (not shown).

4. To determine the role of the 5’ UTR one could create several different mutants, beginning with deletions throughout the 5’ UTR, and analyze the production of their respective protein in a cell-free system. In the mutants where protein synthesis is inhibited, the mutation lies in a region that is essential for proper initiation of translation. As a preliminary test for protein binding to this critical region of the mRNA, that same RNA region could be labeled and subjected to gel mobility shift analysis with a cell-free extract. Using a cell-free system, the protein that is thought to bind and block translation could be removed by immunoprecipitation (or not added to the system). This experiment would be run alongside a control with the addition of the protein, which would be expected to prevent translation.
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