Answers to Weaver end of chapter questions

 SEQ CHAPTER \h \r 1Chapter 19  Ribosomes and Transfer RNA
1. See Figure 3.16.

2. See Figure 19.3.  Don’t try to reproduce the ribbons.  Just draw outlines of the two subunits and draw arrows to the locations of the tRNAs in the A, P, and E sites.

3. The anticodons of the tRNAs interact with the 30S subunit, and the acceptor stems interact with the 50S subunit.

4. The anticodons in the tRNAs in the A and P sites must approach each other closely because they must decode adjacent codons in the mRNA.

5. The acceptor stems in the tRNAs in the A and P sites must approach each other closely because they both participate in the peptidyl transferase reaction: the P site acceptor stem as the peptidyl donor, and the A site acceptor stem as the peptidyl acceptor.

6. The two dimensional gel electrophoresis described in this chapter is simple.  It involves native polyacrylamide gel electrophoresis (PAGE) at one pH and gel concentration in the first dimension, and native PAGE at another pH and gel concentration in the orthogonal dimension (perpendicular to the first dimension).

7. We know that streptomycin decreases the accuracy of translation.  The leading hypothesis for this activity is that helix H27 of the 16S rRNA, which lies near the decoding part of the A site, exists in two states: the ram state, which allows for lower accuracy in decoding, and the restrictive state, which allows for few errors in decoding.  Streptomycin is thought to stabilize the ram state and thereby decrease accuracy.  


The following evidence supports this hypothesis:  X-ray crystallography studies have located the streptomycin binding site on the 30S ribosomal particle near the part of the H27 helix that stabilizes the ram state.  Furthermore, mutations in the ribosomal protein S12 that confer streptomycin resistance occur in the part of the protein that approaches this same site on the H27 helix, suggesting that these mutations destabilize the ram state, counteracting the effect of streptomycin.


We also know that paromomycin decreases the accuracy of translation by binding to the 30S ribosomal particle.  The leading hypothesis for this activity is that paromomycin forces two bases (A1492 and A1493) of the 16S rRNA out of their normal base-pairs in the H44 helix, allowing them to insert into the minor groove of the codon-anticodon complex.  This insertion occurs normally and stabilizes binding between codon and anticodon, but paromomycin lowers the energy required for the insertion and thereby stabilizes codon-anticodon interactions – even those that are incorrect.  Thus, it decreases accuracy.


The following evidence supports this hypothesis:  X-ray crystallography studies of complexes formed from paromomycin and 30S ribosomal subunits have shown that the antibiotic really does “flip out” bases A1492 and A1493 in H44 and into the A site, as predicted.

8. X-ray crystallography studies on the 50S ribosomal subunit of Haloarcula marismortui show no proteins within 18  of the peptidyl transferase active site (labeled with a transition state analog).  Thus, it appears that proteins are too far away to participate in the peptidyl transferase reaction, at least in this species.

9. See Figure 19.16, which shows the positions of the terminal adenosine ribose sugars of the tRNAs in the P and A sites, and the positions of the amino and carboxyl groups of the two amino acids that are participating transpeptidation.  The 2'-OH of the ribose in the P site is perfectly positioned to form a hydrogen bond with one of the protons on the amino group that is making a nucleophilic attack on the carbonyl carbon linking the peptide to the tRNA in the P site.  This would make the amino group a better nucleophile, thus accelerating transpeptidation.  To test this hypothesis, Strobel and colleagues replaced the 2'-OH group in question with either a hydrogen or a fluorine atom, and found that these replacements severely inhibited transpeptidation, measured by a labeled peptidyl-puromycin release assay (see Figure 19.17).

10. A labeled fMet-puromycin release assay demonstrated that replacing the 2'-OH group of A2451on labeled fMet-tRNA with a hydrogen reduced transpeptidation almost 10-fold.  To rule out effects on aminoacyl-tRNA binding affinity, Polacek and colleagues raised the concentration of the altered fMet-tRNA and found no effect on the transpeptidation reaction.  The 2'-OH of A2451 could act like the 2'-OH of the ribose on the peptidyl-tRNA in the P site by forming a hydrogen bond with the attacking amino group, or it could stimulate the reaction by helping to position the reactants.

11. Mankin and colleagues reassembled a Thermus aquaticus 50S ribosomal subunit from proteins and 16S rRNAs bearing all four bases in the A2451 position.  All of them functioned reasonably well in a peptidyl transferase reaction, indicating that the A2451 base does not play a major catalytic role in this reaction.

12. See Figs. 19.15 and 19.16.  A part of domain 2 of RF1, which includes the conserved PXT motif, recognizes the stop codon UAA.  The phosphate of A1493 and the ribose of A1492 of the 16S rRNA make H-bonds to the 2’-hydroxyl groups of the ribose parts of U1 and A2, respectively, of the UAA stop codon. The tip of domain 3 of RF1, including the conserved GGQ motif, participates in cleaving the peptide-tRNA bond.

13. See Figure 19.16.  Zamecnic and colleagues added labeled leucine to a rat cell-free translation extract and found that the leucine bound to a small RNA (tRNA, we now know) in the extract.  Then they followed the loss of the leucine from the RNA and the gain of leucine by microsomes (nascent polypeptides on ribosomes, we now know).  The two curves were reciprocal:  The more labeled leucine was lost from the tRNA, the more was incorporated into nascent polypeptides.

14. By the time a number of tRNAs were sequenced it became clear that, although their primary structures were different, all could form very similar secondary structures with four stems and three loops that resemble a cloverleaf.

15. See Figure 19.27b.

16. See Figure 19.31.  The cysteine of cysteyl-tRNACys can be changed to ala-tRNACys, and then this altered aminoacyl-tRNA can be tested in an in vitro translation system to see whether alanine is inserted in place of cysteine.  It is, and that shows that the ribosome does not recognized the amino acid in an aminoacyl-tRNA; it recognizes only the tRNA.

17. Several experiments could be cited to answer this question.  Perhaps the most straightforward and convincing one is the following:  Hou and Schimmel changed one base pair in two different suppressor tRNAs, tRNACys/CUA and tRNAPhe/CUA.  Both of these tRNAs have the anticodon CUA, and can therefore recognize and suppress the amber codon UAG by inserting cysteine and phenylalanine, respectively.  The 3-70 base pair in each of these tRNAs was changed from C3-G70 to G3-U70.  In both cases, this single base change altered the charging specificity from cysteine or phenylalanine to alanine.

18. The most convincing case for the importance of the anticodon in charging specificity was provided by Schulman and Pallanck.  They engineered a gene in which the anticodon of the initiator tRNAMetf was changed, and also changed the initiation codon of the dihydrofolate reductase (DHFR) gene to match.  Then they placed both the altered tRNA gene and the altered DHFR gene into E. coli cells and monitored the efficiency and the percentage incorporation of the new amino acid into the amino terminus of DHFR.  The best results were obtained when the anticodon of the initiator tRNA was changed to that of valine, and the initiation codon of the DHFR gene was changed to a valine codon.  The efficiency of production of the altered DHFR was still a respectable 18% compared to the normal gene with an AUG initiation codon, and 100% of the DHFR produced had valine, not methionine or N-formylmethionine in the N-terminal position.  Thus, the charging specificity was absolutely changed by the alteration in the anticodon.

19. Class I synthetases interact with the acceptor stem (minor groove) and anticodon, as well as the D loop.  Class II synthetases interact with the acceptor stem (major groove), anticodon, and variable loop.

20. See Figure 19.34.

21. See Figure 19.35.  The crystal structures of Thermus thermophilus IleRS coupled to isoleucine or valine (Figure 19.32), showed that the activation site was large enough to accommodate either amino acid, though its fit with isoleucine, its cognate amino acid, was better than with valine.  But the site was not large enough to accommodate larger amino acids, even including leucine.  The crystal structure of the editing site showed that valine was present, but isoleucine was absent at that site.  Thus, the site was big enough to accommodate the smaller, non-cognate amino acid valine, but not big enough to accommodate the cognate amino acid isoleucine.

Analytical Questions

1.
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2.
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3. First, try charging the wild-type tRNA, and the tRNA with all three possible alterations in the C11-G24 base pair, in vitro.  Use labeled amino acids one by one to see which is added to the wild-type and altered tRNAs.  In the second experiment, choose an enzyme (X) with a critical phenylalanine and mutate its gene (X) so the critical phenylalanine codon (UUU) is changed to UAG, the amber codon.  Then place the tRNAPhe gene on a plasmid and alter its anticodon so it can recognize and suppress the amber codon by inserting phenylalanine.  Test this suppressor tRNA in the mutant cell to make sure it suppresses the amber mutation in the X gene.  Then mutate the C11-G24 base pair in the suppressor tRNA gene and see if this interferes with suppression.  If so, isolate enzyme X from cells carrying the suppressor tRNA gene with all three possible changes at the C11-G24 position and sequence all three proteins.  There should be other amino acids in the position where the critical phenylalanine should be, showing that the change in the C11-G24 base pair changed the charging specificity.  Alternatively, you may find only truncated versions of enzyme X in one or more of the three cases, showing that those changes created a tRNA that could not be charged with any amino acid.
4. 

a). For all parts of this question, see Fig. 19.18 and the accompanying text.  Domain closure of the 30S subunit occurs in response to proper codon-anticodon interaction, and it in turn facilitates the bending of the tRNA to allow the aminoacyl-tRNA to enter the A/T state that is required for accurate translation.  Thus, a mutation that facilitates domain closure would make it easier to accommodate non-cognate aminoacyl-tRNAs, and would therefore speed up translation and make it less accurate.

b). Following the same reasoning as in part (a), inhibiting the bend in the tRNA that allows it to enter the A/T state would slow down translation.  Its effect on accuracy is not as easy to predict, but it would probably inhibit acceptance of a non-cognate aminoacyl-tRNA more than that of a cognate one.  Thus, it might increase accuracy.  Furthermore, translation rate and accuracy are inversely related, which also suggests that this mutation would increase accuracy.

c). Breaking the bonds between switch I of EF-Tu and the acceptor stem of the tRNA are required to open the gate in EF-Tu that admits the catalytic His 84 into the GTPase center.  Thus, strengthening these bonds will diminish the GTPase activity of EF-Tu, which will slow down the release of EF-Tu-GDP from the ribosome, which will in turn slow down accommodation of the aminoacyl-tRNA into the A site.  Thus, translation rate will decrease.  Because translation rate and accuracy are inversely related, this mutation would probably increase accuracy.

d). Mutating His 84 to alanine would destroy the GTPase activity of EF-Tu.  Because this GTPase activity is required for the removal of EF-Tu-GDP from the ribosome, translation would grind to a halt.  The question about accuracy would become irrelevant in the absence of any translation.

1

