Answers to Weaver end of chapter questions

 SEQ CHAPTER \h \r 1Chapter 18  The Mechanism of Translation II: Elongation and Termination
1. See Figures 18.1 and 18.2.  Labeled leucine was incorporated more into the carboxyl terminal peptides of growing - and -globin polypeptides, showing that translation starts at the amino terminus.  Thus, polypeptides that were partially finished before the labeled leucine was added would have unlabeled amino termini, but labeled carboxyl termini.

2. Ochoa and colleagues translated the synthetic mRNA with the sequence AUGUUUn in vitro and obtained the polypeptide fMet-Phen.  Because we know that the polypeptide was made in the N–>C direction, and because fMet is at the N-terminus of the polypeptide, it must have been inserted first.  We know that AUG encodes fMet, and it is at the 5'-end of the synthetic mRNA.  Therefore, the mRNA was read in the 5'–>3' direction.

3. 

a. Single base changes in mRNAs lead to at most one altered amino acid in the resulting proteins.  If the code were overlapping, some base changes would alter two or three adjacent amino acids.

b. Single nucleotide deletions or insertions have very severe consequences.  They change the reading frame such that all codons downstream of the deletion or insertion are altered.  If the code had commas setting off the codons, the ribosome could get back in the right reading frame after the deletion or insertion, and the consequences would be much less severe.

c. Deleting or inserting three nucleotides in a row has very mild effects, strongly suggesting that the codon contains three nucleotides, and these deletions or insertions merely subtract or add a codon without changing the reading frame.  Moreover, experiments with synthetic mRNAs containing repeating dinucleotides, trinucleotides, and tetranucleotides are compatible with a code of three or nine nucleotides – and three makes much more sense.

d. Many amino acids are specified by more than one codon, as revealed by the experiments that led to the genetic code shown in Figure 18.6.

4. See Figure 18.5.  Both AAA and AAG caused binding of labeled lysyl-tRNA to ribosomes in vitro.  Therefore, both AAA and AAG code for lysine.

5. See Figure 18.7.  In your answer, you could just outline the bases without showing atoms.

6. See Figure 18.10.

7. See Figure 18.11b.

8. See Figure 18.12.  The idea is to add labeled fMet-tRNAMetf and see whether the labeled fMet is released by puromycin.  If so, the fMet-tRNA is in the P site.  If not, it is in the A site.  In fact, it was released by puromycin, unlike the labeled methionine in Met-tRNAMetm, which goes to the A site.

9. See Figure 18.17.  Miller and Weissbach made a complex with EF-Tu and labeled GDP, then added EF-Ts and used gel filtration chromatography to measure GDP release from the complex.  The more EF-Ts they added, the more GDP was released.

10. Chloramphenicol blocks the peptidyl transferase step in bacterial translation.

11. See Figure 18.14.

12. See Figure 18.17.  Ravel and colleagues mixed labeled Phe-tRNA with labeled GTP and EF-T (which we now know was actually EF-Tu), then detected labeled species in various fractions by gel filtration chromatography.  A portion of the labeled Phe-tRNA co-chromatographed with labeled GTP in fractions that must have contained EF-Tu because they eluted early, where macromolecules would be found.

13. See Figure 18.20.  Noller and colleagues treated 50S ribosomal subunits from Thermus aquaticus with three agents designed to denature or destroy protein: SDS, proteinase K, and phenol.  Then they tested the remaining material (largely RNA) for peptidyl transferase activity, using the fragment reaction.  They found abundant activity remaining even after this harsh treatment, suggesting that the ribosomal RNA in this organism catalyzes the peptidyl transferase reaction.

14. The initial recognition step is the binding of the ternary complex (EF-Tu– GTP–aminoacyl-tRNA) to the ribosome.  After hydrolysis of the GTP, proofreading can occur by  rejection of the incorrect aminoacyl-tRNA from the ribosome–EF-Tu–GDP complex.

15. Lengyel and colleagues prepared pretranslocation and posttranslocation complexes and subjected them to RNase treatment.  They found that three fewer nucleotides could be removed from the 3'-end of the mRNA after translocation.  Thus, three more nucleotides had moved into the ribosome and were hidden from the RNase.

16. See Table 18.5.  No reaction occurred when either EF-G or GTP were omitted.  However, GDPCP could substitute for GTP and still give a considerable amount of translocation, though not as much as with GTP.  Fusidic acid did not inhibit the single-translocation assay.  That is because fusidic acid inhibits recycling of EF-G, and no such recycling is needed if translocation is limited to one round.

17. See Figure 18.22c.  Wintermeyer and colleagues performed stopped-flow kinetic experiments that could measure GTP hydrolysis and translocation on a millisecond time scale.  GTP hydrolysis clearly occured first.  In fact, it was essentially complete before significant translocation occured.

18. Amber mutations were introduced into the T4 phage head protein gene, then head protein was purified from E. coli cells infected with each mutant phage.  When the head proteins were analyzed, they were found to have intact amino termini, but were lacking one or more peptides from their carboxyl termini.  Thus, translation had stopped prematurely, showing that the amber codon is a translation stop codon.

19. See Figure 18.26.  Weigert and Garen studied an amber mutation in the E. coli alkaline phosphatase gene.  The mutation occurred in a Trp codon, which is UGG, so the amber codon should be one base change removed from UGG.  These workers sequenced the part of the alkaline phosphatase protein surrounding this codon in several revertants that inserted other amino acids at the amber codon position.  These should also be one base change removed from whatever the amber codon is.  Knowing the genetic code, Weigert and Garen were able to deduce that the amber codon has to be UAG. Nowadays, it would be much simpler to sequence the DNA in the amber mutant and find that the UGG Trp codon had been changed to UAG.

20. See Figure 18.28.  An amber suppressor strain contains a mutant tRNA with an altered anticodon that can recognize the amber codon and insert an amino acid into the growing polypeptide instead of terminating.

21. A tRNA fraction from an amber suppressor strain can suppress an amber mutation.  Thus, a tRNA is the amber suppressor.

22. See Figure 18.29 for two different assays.  The latter is simpler.  Just add a trinucleotide corresponding to one of the three termination codons (UAG, UAA, or UGA) to ribosomes bearing labeled fMet-tRNAMetf in the P site.  Then add a termination factor and measure release of labeled fMet.

23. RF1 releases polypeptides in response to two termination codons: UAG and UAA.  RF2 releases polypeptides in response to two termination codons: UGA and UAA.

24. The assay described in Figure 18.29 (and the answer to question 22) gives us this answer.  RF1 causes release with the stop codons UAG and UAA, and RF2 causes release with UGA and UAA.

25. The eukaryotic release factor eRF1 performs the same functions as RF1 and RF2.  That is, it releases polypeptides in response to all three termination codons.  The eukaryotic factor eRF3 performs the same role as prokaryotic RF3.  That is, it contains a ribosome-dependent GTPase and helps eRF1 bind to the ribosome and release finished polypeptides.

26. See Figure 18.31.

27. A tmRNA does not have a standard D loop and therefore cannot bind efficiently to ribosomes on its own.  The protein SmpB helps by binding to the same site on the ribosome to which the D loop would ordinarily bind, and facilitating binding of the tmRNA.

28. See Figure 18.32.

29. See Figure 18.38 for diagrams of nonsense-associated altered splicing (NAS) and nonsense-mediated mRNA decay (NMD).

30. Selenocysteine: A special tRNA is charged with serine, then the serine is converted enzymatically to selenocysteine.  Now this selenocysteyl-tRNA can recognize the UGA codons in the middle of mRNAs that call for selenocysteine, but not normal UGA stop codons.

Pyrrolysine: This amino acid is synthesized enzymatically and then added to a special tRNA by a unique pyrrolysyl-tRNA synthetase to form pyrrolysyl-tRNA.  This aminoacyl-tRNA responds to special UAG codons in a few mRNAs in certain methanogenic archaea.

31. Trigger factor attaches to the “bottom” of the ribosome where it can catch nascent polypeptides emerging from the ribosome’s exit tunnel.  Thus, it can help a protein fold even as it is being synthesized, while protecting it from the aqueous environment.

Analytical Questions

1. 

a. Activation.  Inhibiting a G protein’s GAP (GTPase activator proteins) would suppress its GTPase activity.  And since the GTPase converts bound GTP to GDP, which inactivates the G protein, inhibiting the GTPase would activate the protein.

b. Inhibition.  The guanine nucleotide exchange protein activates a G protein by allowing exchange of GDP for GTP.  Thus, inhibiting the exchange would keep the protein in an inactive condition.

2. At 42C, these cells would incorporate asparagine where lysine should go.  That is because a tRNA with the anticodon 3'-UUC-5', which responds to the lysine codon AAG, is charged with asparagine in the mutant cell.

The tRNA gene in which the suppressor mutation occurs would probably be none other than the gene encoding the tRNALys with the 3'-UUC-5' anticodon.  The locus of this second mutation should be in the anticodon.  In particular, it should change the 3'-UUC-5' sequence to 3'-UUG-5', which recognizes the asparagine codons AAC and AAU (the latter via wobble).  Now, this tRNALys, though it is mischarged with asparagine at elevated temperature, will respond to the correct (asparagine) codons and insert the correct amino acid.

3. 

a. If the code were fully overlapping, there would be ten codons: AUG, UGG, GGC, GCA, CAG, AGU, GUG, UGC, GCC, and CCA.  If nonoverlapping, there would be four codons: AUG, GCA, GUG, and CCA.

b. If the code were fully overlapping, the change of the second G to a C would change three adjacent codons: UGG, GGC, and GCA would become UGC, GCC, and CCA, respectively.  If nonoverlapping, only one codon would be changed: GCA to CCA.

4. 

a. The insertion of two bases into the middle of an mRNA would shift the reading frame two bases to the left and would probably destroy gene function.

b. The insertion of three bases into the middle of an mRNA would probably just add an extra codon, and therefore an extra amino acid would be inserted into the protein.  This would probably not affect gene function, unless the extra amino acid disturbed the three-dimensional shape of the protein, distorting a crucial region, or if the extra amino acid appeared in a crucial region, and its chemistry was incompatible with activity.  Another possibility for damage would be if the three extra bases happened to be a stop codon.  In that case, the protein would be truncated and would probably have no activity.

c. The insertion of one base into one codon and the subtraction of one base from the next codon would result in changes to the two adjacent codons, and therefore potentially two amino acids, but otherwise the protein product would remain the same unless one of the altered codons is a stop codon.  In that case, the protein would be truncated and probably inactive.  If neither of the altered codons is a stop codon, the protein would probably be active, with the same qualifications about protein shape and crucial regions as in part (b).

5. You would expect a repeating dipeptide composed of the two amino acids encoded by UUCGUU and CGUUCG.

6. 44 = 256 codons.

7. The ochre codon is UAA, so the anticodon in the supressor tRNA that recognizes this codon is likely to be 3'-AUU-5'.  The two codons for glutamine are CAA and CAG, both of which can be recognized by the anticodon 3'-GUU-5'.  Thus, the likeliest change in the anticodon of the tRNAGln is GUU to AUU.

8. First, a suppressor tRNA would evolve with the ability to insert a normal amino acid in response to a termination codon (let’s say UAG).  This would be a harmless mutation, as we know many examples of such amber suppressors.  Next, this suppressor tRNA would evolve so it could no longer be charged by any of the 20 standard aminoacyl-tRNA synthetases.  At some point, a gene duplication would occur in the gene encoding one of the standard aminoacyl-tRNA synthetases, allowing the second copy to evolve harmlessly.  This copy would evolve such that its product could charge the suppressor tRNA with pyrrolysine.  Now pyrrolysine can be inserted in response to a UAG codon in the middle of a gene, so genes would evolve with such amber mutations.  This sequence of events would allow the incorporation of pyrrolysine into selected proteins.  It is likely to have happened this way because each step is harmless when carried out in this order.  Some scrambling of the order of events might work, but other changes to the order would be disastrous.  For example, changing the charging specificity of the sole copy of an aminoacyl-tRNA synthetase would be lethal. So would introduction of amber mutations into genes before a suppressor tRNA was available.

9. This question requires more thought than most.  Consider the following micromessage:  CUGUAC.  If the code is non-overlapping, this message contains just two codons:  CUG and UAC, which code for leucine and tyrosine, respectively.  By changing the first codon, we can arrange for tyrosine to be preceded by any of the 20 amino acids, including another tyrosine. However, if the code is fully overlapping, the codon preceding UAC is GUA.  To maintain the UAC codon, we can allow a change in only the G of GUA, that is we could change it to CUA, UUA, or AUA.  This would allow at most only four different amino acids to precede tyrosine.  Now, we can allow tyrosine to have more than one codon, but it would take five different tyrosine codons to allow 20 different amino acids to precede tyrosine (4 X 5 = 20).  Because there is nothing unique about tyrosine, the same argument can be applied to all 20 amino acids.  That means that a fully overlapping code would have to have 20 X 5 = 100 different codons.  But there are only 61 different amino acid-encoding codons, so a fully overlapping code is impossible.
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