Answers to Weaver end of chapter questions

 SEQ CHAPTER \h \r 1Chapter 23  Transposition
1. See Figure 23.1.  Stanley Cohen cloned a bacterial transposon into a plasmid, then separated the strands of the recombinant DNA and allowed them to re-anneal with themselves.  If the single-stranded DNAs had inverted repeats, these would form intramolecular base pairs, giving a dumbell shaped structure.  Indeed, Cohen found such structures using electron microscopy.

2. IS1 has short inverted repeats at its ends.  It contains only two genes, which encode its transposase.  Tn3 (Figure 23.4) also has inverted repeats at its ends, and two genes (tnpA and tnpR) that catalyze transposition.  In addition, it harbors the bla gene, which encodes -lactamase, which confers resistance to ampicillin.  Ac (Figure 23.10) also has (imperfect) inverted terminal repeats, and a transposase gene.

3. See Figures 23.5 and 23.6.

4. See Figure 23.7.

5. See Figure 23.9.  The purple color in wild-type kernels comes from pigment produced by the C (color) gene product.  White kernels result when a Ds transposon tranposes into the C gene and inactivates it.  Purple speckles occur in the progeny of cells in a developing white kernel in which the transposase of Ac caused a Ds transposon to transpose out of the C gene, reactivating the gene.  When such events occur early in kernel development, the number of progeny cells with a reactivated C gene is large, so the purple spots are large.  By the same token, when such events occur late in kernel development, the purple spots are small.

6. See Figure 23.11.

7. Embryonic antibody L and H chain genes are modular, with separated variable and constant regions.  The variable regions of L chains are encoded in two modules, V and J, and the variable regions of H chains are encoded in three modules, V, D, and J.  There are many different V modules, and several D and J modules.  During development of a antibody-producing B cell, these modules are brought together at random, creating many different combinations in both L chains and H chains.  The number of different combinations is the product of the number of modules of each type.  The specificity of the antibody is determined by the H and L chains, so the number of different specificities is the product of the number of different H and L chains.  Adding to the variability is the fact that the mechanism of joining the modules during cell development is imprecise, so nucleotides are gained or lost, which changes the coding of the gene.  Finally, antibody genes are subject to somatic hypermutation during B cell development.  This is because a cytidine deaminase is induced during development, and this enzyme deaminates cytidines in the rearranged antibody genes to uridines.  The uridines can then be removed by mismatch repair, which can introduce mutations, or the uracil base can be removed, which invokes translesion bypass by error-prone auxiliary enzymes such as DNA polymerases , , and .  This process introduces many mutations, which obviously create diversity.  The net result of all these factors is that a few thousand (or even fewer) immunoglobulin genes (more correctly, modules) can give rise to billions of different antibodies.

8. See Figures 23.12 and 23.13.

9. See Figure 23.14.  The V, D, and J modules in embryonic immunoglobulin genes are flanked by recombination signal sequences called 12 signals and 23 signals.  In an embryonic light chain gene, the V modules have 23 signals and the J modules have 12 signals, or the V modules have 12 signals and the J modules have 23 signals.  In an embryonic heavy chain genes, the V and J modules have 23 signals and the D modules have 12 signals.  The recombination among these modules follows the 12/23 rule, which says that a 23 signal can join only with a 12 signal, and vice versa.  Thus, by preventing joining of a 12 with a 12, or a 23 with a 23, the cell ensures that one and only one of each modules will be represented in the final, rearranged gene.

10. See Figure 23.15.  This plasmid contains a lac promoter, a bacterial transcription terminator flanked by a 12 and a 23 signal, and finally a cat reporter gene.  The plasmid is mutagenized, then introduced into eukaryotic cells, where rearrangement can either occur or not.  If it does occur, the transcription terminator is removed or inverted, so cat expression, under control of the lac promoter, can occur in bacterial cells.  If a mutation blocks rearrangement, the terminator will remain and no cat expression will occur in bacterial cells.  So, to test whether a mutation has inactivated a recombination signal, the plasmid is purified from pre-B cells, and then introduced into E. coli cells grown in the presence of chloramphenicol.  If the cells grow, the cat gene is being expressed, so the recombination signals are intact.  If the cells don’t grow, no cat expression is occurring, so the recombination signals have been inactivated by mutation.

11. See Figure 23.16.  This mechanism involves the formation of hairpin ends on the recombining DNAs, which are then opened in an imprecise way.  This imprecision contributes to diversity in the resulting genes.

12. See Figure 23.17.  Gellert and colleagues made a 5'-end labeled substrate with either a 12 signal or a 23 signal, then incubated this DNA with Rag-1, Rag-2, or both, then subjected the products to non-denaturing and denaturing gel electrophoresis.  With the 12 signal substrate, for example, a 16-bp piece of labeled DNA appeared in non-denaturing gel electrophoresis.  This is the size DNA expected from a double-stranded break, but it was not possible to determine from this gel whether it was a hairpin or a standard double-stranded DNA.  To find out, Gellert and colleagues performed denaturing gel electrophoresis, and found a 32-nt piece of DNA, which is what one expects from a 16-bp double-stranded DNA with a hairpin.

13. Baltimore incubated retrovirus particles with a labeled dNTP and the other, unlabeled dNTPs under various conditions.  Then he looked for a labeled DNA product by acid precipitation.  Figure 23.20 shows that such a product did indeed appear, and it was greatly diminished by RNase, especially when the reaction was preincubated with RNase, which would degrade the viral RNA template.

14. Baltimore labeled strong-stop DNA products in retrovirus particles with labeled dTTP, then subjected the labeled product to Cs2SO4 gradient ultracentrifugation.  Figure 23.21a shows a labeled product whose density resembles that of RNA (because of the large RNA template).  After heating, the labeled DNA product had separated from the RNA template, so Figure 23.21b shows that the product was much closer in density to that of DNA, but was still more dense than DNA, as if it had some RNA attached.  After treating this product with RNase and recentrifuging 

(Figure 23.21c), the product had the density expected of pure DNA.  Thus, the DNA product did have an RNA primer attached.

15. See Figure 23.22.

16. See Figure 23.23.  The two jumps allow the LTRs in the provirus to be completed, by using both viral LTRs as templates.

17. Compare Figures 23.18 and 23.24.  Except for the intron in Figure 23.24, which was experimentally introduced, the two figures show identical events.  The only difference is that retrovirus replication begins with a viral RNA, whereas retrotransposon transposition begins with a double-stranded DNA transposon, which is analogous to a retrovirus.

18. The following evidence supports retrotransposition (Ty1 in particular) via an RNA intermediate. 

· 
Ty1 encodes a reverse transcriptase.

· 
Ty1 RNA and reverse transcriptase are found in virus-like particles in the cell.

· One can insert an intron into a Ty1 element, then induce transposition, and observe the loss of the intron after transposition.

· 
A host cell tRNA serves as a primer for Ty1 reverse transcription.

19. Eickbush and colleagues mixed the purified R2Bm endonuclease with a supercoiled plasmid containing a target site for R2Bm.  After times up to 120 minutes, they took samples and analyzed them by gel electrophoresis for nicking (relaxation to open circular form) or double strand cleavage (production of a linear form).  Figure 23.26a depicts the stained gel, which shows that at short times, the supercoiled plasmid was nicked to an open circular form, and at longer times, double strand breaks occurred, producing a linear form.  Figure 23.26b is a graphical representation of the data in panel (a), and 23.26c shows that nicking, but little if any double-strand cleavage, occurred when the enzyme’s RNA cofactor was missing.

20. See Figure 23.27.  Eickbush and colleagues performed an in vitro reaction with a nicked R2Bm target DNA, an R2Bm template RNA, purified R2Bm endonuclease, and the four dNTPs, including [32P]dATP.  They detected the labeled products by gel electrophoresis.  Figure 22.27a shows what to expect if the nicked strand really was used as a primer.  Figure 22.27b shows the experimental results.  Lane 1 shows no product when a nonspecific RNA, instead of R2Bm RNA, was used as template.  Lane 2 shows abundant product when nicked R2Bm was used, and the product (about 1.9 kb long) was close to the 1.8 kb expected if the whole template was reverse transcribed.  Lanes 3-6 are controls that verify the specificity of the reaction, and show that it is sensitive to two kinds of RNase.

21. See Figure 23.28.

Analytical questions

1. There will be 5-bp direct repeats of host DNA flanking the transposon.  Your drawing should look like Figure 23.2, except the staggered cuts in the host DNA should be 5 bp apart, rather than 9 bp apart.

2. Place the Stealth-containing plasmid into bacteria that contain the target plasmid.  Allow time for transposition, then purify plasmids from the bacteria and test them for the ability to confer antibiotic resistance in other bacteria.  If transposition of Stealth to the target plasmid occurred, then you should be able to purify a plasmid containing both ampicillin resistance and chloramphenicol resistance genes.  The ampicillin resistance comes from the Stealth transposon and the chloramphenicol resistance comes from the target plasmid.  Thus, bacteria transformed with the Stealth-containing target plasmid should be able to grow in medium containing both ampicillin and chloramphenicol.  (See Figure 23.3.)

3. 

a. Without transposase, no cointegrate will form, so the end products will be the original donor and target DNAs; no change will occur.

b. Without resolvase, a cointegrate containing both the donor and target DNAs will form, and, because the cointegrate cannot be resolved, it will be the final product.

4. As shown in Figure 23.5, there will be two copies of TnT in the cointegrate, and they will be located at the interfaces between the two plasmids. 

5. No, the frequency of speckled kernels would be very low, if detectable at all.  That is because Tn3 transposes by a replicative mechanism, so a copy of the transposon would remain behind in the C gene after transposition, and the C gene would therefore remain inactive.

6. 

a. Inhibitors of double-stranded DNA replication would block transposition of Tn3, which uses the normal, semiconservative mechanism of double-stranded DNA replication.  But these inhibitors would not block transposition of Ty transposons such as Ty1 because they replicate by reverse transcription and then synthesis of a second DNA strand on a single-stranded DNA template.

b. Inhibitors of transcription will not block transposition of Tn3 directly because transcription is not a part of its transposition cycle.  However, Tn3 transposition depends on a new protein, transposase, and transcription inhibitors will block production of transposase mRNA and will therefore block transposition.  Transcription inhibitors will block transposition of Ty1directly because the first step in its transposition is transcription.

c. Inhibitors of reverse transcription will not block transposition of Tn3 because reverse transcription is not a part of its transposition cycle.  But these inhibitors will block transposition of Ty1because reverse transcription is a central feature of its transposition cycle.

d. Inhibitors of translation will not block transposition of either Tn3 or Ty1directly.  However, both transposition cycles depend on non-cellular proteins (transposase for Tn3, and reverse transcriptase for Ty1).  Therefore, translation inhibitors should block transposition of both transposons by blocking the synthesis of these new proteins.

7. As we have just seen in the answer to Question #6, inhibitors of double-stranded DNA replication and inhibitors of reverse transcriptase can distinguish between retrotransposons and classical DNA-replicating transposons such as Tn3.  If Rover is a retrotransposon, its transposition should be blocked by inhibitors of reverse transcriptase, but not by inhibitors of double-stranded DNA replication.  On the other hand, if Rover is a classical DNA-relicating transposon like Tn3, its transposition will be blocked by inhibitors of double-stranded DNA replication, but not by inhibitors of reverse transcriptase.

8. 

a. Removal of the D gene segments (found in the heavy antibody chain) would disrupt the 12/23 rule. Most likely somatic recombination of the V(D)J gene segments within the heavy chain would not occur, as the recombination machinery would be unable to uphold the 12/23 rule. Although rearrangement of the light chain would not necessarily be disrupted by this deletion (as the light chain utilizes only the V and J gene segments), this would also not occur, as the B cell only turns on rearrangement of the light chain after successful rearrangement of the heavy chain. 

b. Removal of the D gene segments within the beta chain of the TCR would disrupt the 12/23 rule and most likely result in abrogation of the rearrangement of the beta chain of the TCR. This in turn would affect the rearrangement of the alpha chain of the TCR as it is not rearranged until beta chain rearrangement is successfully completed.

c. Altering the RSS flanking the D gene segments from 12bp to 23 bp would prevent the joining of the D segment to the J segment (the first step in heavy chain rearrangement) as this mutation would no longer allow the recombinase machinery to uphold the 12/23 rule for rearrangement. 

d. Elimination of the RAG proteins results in no V(D)J recombination – RAG knockout mice do not make B cells or T cells, the cells that utilize RAG to create their receptors.
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