Answers to Weaver end of chapter questions

Chapter 5  Molecular Tools for Studying Genes and Gene Activity
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1. SDS, sodium dodecyl sulfate, is a detergent used in SDS polyacrylamide gel electrophoresis. SDS denatures the proteins and separates the subunits of complex proteins. In addition, it coats all the polypeptides with a negative charge so that they migrate according to their molecular masses and not their natural charge.

2. SDS-PAGE and modern two-dimensional gel electrophoresis both separate proteins according to their molecular masses. However, in two-dimensional gel electrophoresis, the proteins are subjected to isoelectric focusing prior to separation by SDS-PAGE. In the isoelectric focusing process, the proteins are electrophoresed in a pH gradient. Proteins will stop migrating when they reach their isoelectric point. The gel from the tube is then placed on the top of an SDS-PAGE gel and subjected to separation according to molecular mass. Two dimensional gel electrophoresis therefore separates proteins based on both their mass and isoelectric point. SDS-PAGE separates proteins solely based on their molecular mass. 

3. Ion exchange chromatography separates proteins based on their net charge. In this procedure a complex protein mixture is loaded onto a charged resin. In the case of anion exchange chromatography this is a positively charged resin. Solutions of increasing ionic strength are passed over the column and the ions in these solutions compete with the proteins for binding sites on the resin. Proteins with less charge are eluted at lower ionic strength than those with a greater charge. 

4. Gel filtration chromatography separates protein according to their physical dimensions. It involves passing the proteins through a porous resin in a column. The resin has holes of a defined size. Smaller proteins emerge more slowly through the column than larger ones because their smaller dimension allows them to pass into the holes in the resin giving them a longer path to travel. Larger proteins, on the other hand, will not be able to enter the beads and will emerge more rapidly. Intermediate sized proteins will enter some beads and not others and will emerge after an intermediate period of time.

5. Autoradiography and phosphorimaging are both techniques that allow visualization of a radioactive signal immobilized on a membrane. Both detect the β-particles emitted from the isotopes commonly used in molecular biology. In the case of autoradiography, the emitted particles expose the emulsion on an x-ray film, leaving dark bands. Autoradiography is limited in its ability to quantify the amount of isotope exposing the film. The reason for this is that the response of film to radiation is non-linear and saturation of the signal is often a problem. For example, a sample with say 10,000 dpm (disintegrations per minute) may expose the emulsion on the film to its maximum capacity and therefore another sample with 50,000 dpm will give a band of the same intensity on the x-ray film. Phosphorimaging involves use of a phosphorimaging plate that contains molecules that are excited by exposure to β-particles. These excited molecules accumulate over time and stay in an excited state until they are scanned with a laser. The energy is then released and converted to digital information that can be accurately quantified. The digital signal from a phosphorimager is directly proportional to the number of dpm emanating from the particular region on the sample being exposed.

6. One non-radioactive method for detecting a particular nucleic acid fragment in an electrophoretic gel takes advantage of the strong non-covalent interaction between the molecule avidin and biotin. To detect a specific fragment in the gel, it is blotted to a membrane (nitrocellulose or nylon) thus immobilizing the nucleic acid fragment on a solid support. All of the sites on the filter that are unbound by nucleic acid are blocked by the addition of non-specific DNA. A probe complementary to the nucleic acid target is synthesized in the presence of dUTP labeled with the vitamin biotin. The probe is denatured and hybridized to the nucleic acids on the membrane where is will bind its complementary sequence. The nucleic acid probe hybrids are detected by exposing the membrane to a reagent containing avidin linked to an enzyme such as alkaline phosphatase. The probe is visualized by the action of the enzyme on a phosphorylated substrate which yields a chemiluminescent compound that is then detected by an x-ray film. 
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The diagram above illustrated the process of Southern blotting to detect a DNA fragment of interest from within a complex mixture of fragments. In this procedure, specific DNA fragments, separated on the gel, are visualized by hybridization of the DNA with a labeled probe. The Northern blotting procedure is used to detect a particular RNA of interest from within a complex mixture of RNA molecules.  Both Northern blotting and Southern blotting require electrophoresis to separate the mixture of nucleic acids by size. However, for Southern blotting we need to digest the DNA with restriction enzymes to generate smaller nucleic acid pieces for electrophoresis. The RNA molecules loaded on the gel (either total RNA or poly(A)+ RNA) already exist as smaller fragment of discrete lengths.  Both techniques require blotting of the nucleic acid fragments on the gel to a filter and hybridization of this nucleic acid with a labeled probe. 

7. DNA fingerprinting can be used to distinguish among different individuals based on the characteristic number of repeats present at multiple loci in the genome called minisatellites. These minsatellites contain repeated sequences and the number of repeated sequences at a particular locus is highly variable in the population. To generate a fingerprint of an individual, genomic DNA is cut with a restriction enzyme specifically chosen because it does not have a recognition site within the repeated sequence. A Southern blot is performed using the repeated sequence as a probe. For any one individual, multiple bands representing fragments of different length will be seen on the blot representing multiple loci. Individuals can be typed based on their unique number of repeats at the different loci. DNA fingerprints generated in this fashion can however be complex to interpret. This is due to the large number of bands on the blot which may not all resolve well. Modern forensic methods therefore use DNA typing which analyzes polymorphisms a single locus at a time. Polymorphisms in these single loci can be detected using RFLP analysis (restriction fragment length polymorphisms). RFLP’s take advantage of different restriction patterns that may be generated due to base pair substitution in the DNA sequence. Like DNA fingerprinting, RFLP analysis typically uses Southern blotting. Alternatively, different fragment lengths in different individuals at individual loci may be detected by PCR. PCR allows typing of very small amounts of DNA of low quality. Fingerprinting, on the other hand, requires more DNA of higher quality for Southern blotting than does PCR-based DNA typing. Of course, to reliably use DNA typing data in suspect identification multiple loci need to be analyzed to provide a high probability that a match between a sample and an individual is not attributable to chance alone.

8. A Northern blot can be used to detect a specific RNA present in a total RNA sample. From this we can tell if a gene is being transcribed in a particular cell type or other sample. In addition, it can provide quantitative data about the steady state RNA level present for a particular RNA and it further gives us the size of the RNA transcript.

9. Fluorescence in situ hybridization allows us to use a labeled probe to detect a particular DNA sequence on a chromosome. All of the chromosomes in a cell are spread and partially denatured to allow the DNA to hybridize to a single-stranded probe. Visualizing the probe can tell us the location or locations of the DNA sequence on the chromosome. Therefore, unlike a Southern blot, it gives us information about the position of the gene in the chromosome. It is therefore useful when map data are required.


The nucleotide sequence of the DNA nucleotide chain synthesized from the primer is:

5’ GAT GGC TAA ATG TCT GAC TTA ATC 3’

Therefore, the nucleotide sequence of the DNA nucleotide chain used as the template strand is the reverse complement of the sequence above:

5’ GAT TAA GTC AGA CAT TTA GCC ATC 3’

10. Sanger DNA sequencing can readily be automated using dideoxy nucleotides each labeled with a different fluorescent tag. The nested set of fragments generated by the sequencing reactions are separated by gel or capillary electrophoresis. As fragments progress through the gel, a laser at the bottom of the gel detects them. The laser can distinguish between the four dideoxy nucleotides and determine the sequence of the newly synthesized strand. 

11. For the 1.5 kbp EcoR1, XbaI DNA fragment depicted below, we can distinguish orientation A from orientation B using the restriction map to interpret a double digest. A clone in orientation A will result in fragment sizes of 3.3 kb and 1.2 kb after digestion with XbaI and BamI. A clone in orientation B will give fragment sizes of 4.2 kb and 0.3 kbp upon digestion with BamH1 and XbaI


12. Site-directed mutagenesis is a technique that can be used to generate a DNA sequence that has been modified at one specific base. In general, site-directed mutagenesis is accomplished by designing a primer with the appropriate nucleotide change that will, despite having a mismatch, bind to the target wild-type site. Replication of the target DNA will lead to the production of daughter DNA molecules with the altered nucleotide that have been extended from the primer. One specific approach is PCR-based site-directed mutagenesis. In this process the DNA fragment to be altered is cloned in a plasmid vector and propagated in a strain of E. coli that methylates the A’s of GATC sequences. Mutagenic primers are annealed to the purified plasmid containing the clone and a small number of rounds of PCR are performed using a high fidelity, heat-stable polymerase such as Pfu polymerase. This is important to avoid errors in copying the clone. The DNA in the PCR reaction is digested with the restriction enzyme DpnI This enzyme will digest only methylated or (less efficiently) hemimethylated DNA and will specifically destroy the original template DNA. The DNA produced in vitro with Pfu polymerase is not methylated, will not be digested with DpnI and can be used to transform E. coli. Sequencing a number of clones will identify ones with the desired DNA nucleotide change. 

13. S1 nuclease analysis allows us to locate the 5’ end or the 3’ end of the transcript relative to a known restriction site in the clone.  It relies upon the use of S1 nuclease, an enzyme specific for single stranded RNA in a DNA/RNA hybrid, to digest all unhybridized RNA from a transcript hybridized with a characterized known size genomic fragment. The intensity of the signal produced after electrophoresis and autoradiography of the hybrids is proportional the number of transcripts present in the sample and therefore provides data about the relative amounts of RNA present. Primer extension does not use hybridization of the RNA to a probe. Rather is uses a labeled primer to reverse transcribe the RNA transcript of interest using a primer complementary to a region within the gene. The length of the fragment produced can tell us precisely where upstream of the primer-binding site the transcript ended. Running a set of dideoxy sequencing reactions, using the same primer, on the gel along with the primer extension products can allow us to locate the 5’ end of the transcript to the precise nucleotide. Like S1 analysis, primer extension assays can allow us to quantify the RNA present in a particular sample.  Primer extension analysis provides more accurate information when mapping a transcript since it avoids the use of nucleases like S1.  S1 nuclease may occasionally inappropriately digest the end of a double-stranded DNA/RNA hybrid or it will digest transient single-stranded structures in the RNA/DNA hybrid resulting from melting of AT rich regions. This tendency of S1 nuclease towards non-specific digestion can results in inaccurate sizing of the hybrids in these types of analysis resulting in inaccurate information about the 3’ and 5’ ends of the transcript.  Only S1 mapping can locate the 3’-end of a transcript.  Primer extension will not work because reverse transcription goes only in the 3’(5’ direction.
14. Run-off transcription is an in vitro assay that measures the size and abundance of transcripts produced from a genomic DNA fragment. A genomic fragment that has been truncated at a known restriction site is used as a template for transcription in vitro with a labeled nucleotide.  This allows us to determine whether the transcripts produced are initiated at the correct location and the relative efficiency of transcription initiated from a particular promoter. This assay can therefore be used to ask questions about the effect of a particular promoter mutation on the size of transcripts and the relative efficiency of transcription.  However, because it is an in vitro method, it cannot  provide any information about the in vivo levels of transcription. 
15. Labeling the 5’ end of a DNA fragment can be accomplished by removing the terminal phosphate with Calf Intestinal Phophatase (CIP) and then using [(-32P]ATP and polynucleotide kinase to introduce a 5’ phosphate group that is radioactively labeled. Labeling the 3’ end of a double stranded DNA molecule is accomplished using the Klenow fragment of DNA polymerase and a [32P]dNTP to fill in a recessed 3’OH end that was produced by restriction enzyme digestion of a DNA molecule. 

16. A nuclear run-on assay is a technique that allows us to acquire a “snap shot” of the transcription of a particular gene in vivo. In other words, it allows us to quantify all transcripts that have been initiated at a particular time. Nucleii are isolated and the transcription that has been initiated is allowed to continue in the presence of a labeled nucleotide. Reintiation of transcription is inhibited by the presence of heparin to bind free RNA polymerase. The extended RNA products can be detected by hybridization to a complementary probe using a dot blot.

17. A dot blot allows us to identify a specific nucleic acid (RNA or DNA) sequence from within a complex mixture by hybridization of the target to a radiolabeled probe. It allows us to quantify the hybrids. The fundamental difference between a dot blot and a Southern blot is that in a dot blot, the DNA is not separated by size using electrophoresis before hybridization. Instead the DNA is simply dotted on a filter. It is therefore useful when the size of the target is unlikely to be uniform or when it is not necessary to know the size of the target.  

18. Reporter genes can be used to replace a native gene when studying promoter elements controlling gene expression. In such an experiment the promoter is altered, and a number of promoter constructs are linked to a reporter gene and reintroduced in the cell. The level of expression of the reporter gene (transcription and translation) that is directed by the promoter of interest is measured.  In this manner we can identify regions of the promoter that are important in directing expression of the gene. There are two advantages to this approach. First, the transcription directed by the endogenous gene of interest is not going to interfere with measurements of transcription directed by introduced gene construct. Second, the reporter genes such as lacZ, cat or luciferase are chosen because they are readily assayable. 

19. Nitrocellulose filter binding assays can be used to measure binding between a DNA and a protein. These studies take advantage of the fact that double-stranded DNA will not bind to a nitrocellulose filter unless it is associated with a protein. DNA is labeled and combined with a protein with which it forms a complex. We can measure the amount of protein-DNA complex that is formed by measuring the radioactivity bound to the filter. We can determine how tightly the protein is bound by testing the ability of non-labeled target DNA to compete with the labeled DNA for binding of the protein. This is done by allowing the purified protein to bind labeled DNA, and then adding unlabeled competitor DNA. The mixtures are filtered through nitrocellulose after different lengths of time and scintillation counting can measure the retained labeled DNA-protein complexes.   

20. A gel mobility shift assay can detect the specific binding of a protein to a small DNA fragment. As the name implies, the binding of a protein to a DNA fragment is visualized by a retardation of the mobility of the DNA during electrophoresis.  While this procedure can tell us whether or not a protein is binding a DNA fragment, it cannot give us precise information about which regions or nucleotides within the target DNA are binding the protein. DNAse footprinting on the other hand, can tell us where the target sites for protein binding are on the DNA. The protein is bound to the end labeled DNA fragment and the protein DNA complexes are subjected to a limited digest with DNase I which will result in a set of fragments, each cleaved once (on average) within the molecule. The sites on the DNA that are bound by protein will however not be cleaved and when these fragments are electrophoresed on a gel there will be a footprint or a group of fragments missing on the autoradiograph. These missing fragments correspond to the regions on the DNA where the protein is bound. Both techniques therefore can detect binding of a protein to a DNA fragment but DNase I footprinting give us more precise information on the location at which the protein is bound.

21. Both DMS and DNase footprinting rely on the fact that if a protein is bound to a specific region of a DNA fragment it will prevent cleavage of the DNA in that region by limiting access of other molecules. For example, it will limit access by the nuclease, DNaseI. DNase I is a large molecule and may not be able to detect small gaps containing unbound DNA that may be present in a DNA-protein complex. In addition, the association of the protein with the DNA may distort nearby DNA regions not directly binding the protein, and these may not be digestible with DNase I. To get a more detailed picture of where the protein is bound to the DNA we can use a methylating agent such as dimethyl sulfate (DMS), which, since it is a small molecule, will fit in the nooks and crannies of the DNA-protein complex, specifically methylating regions not associated with the protein. In these methylation reactions the reaction time and DMS is limited such that on average, only one methylation event will occur per molecule. After removing the protein we then treat the DNA with piperidine and this will result in cleavage of the DNA. The precision with which DMS accesses free regions of DNA as compared to DNaseI results in a more precise footprint when using DMS foot printing.  

22. Refer to Fig. 5.39.  Start by isolating chromatin from cells in which protein X is produced.  Cross-link the proteins and DNA in the chromatin with formaldehyde, then shear the cross-linked chromatin.  Next, precipitate the chromatin with an anti-protein X antibody.  To see if the precipitated chromatin contains gene Y, perform PCR with primers specific for gene Y.  A positive signal (a band of appropriate size produced by PCR) indicates binding between protein X and gene Y.  See Fig. 13.27 for an example of positive results, although a time course is not necessary in the present experiment.

26.
Refer to Fig. 5.40. The yeast two-hybrid assay involves uncoupling the DNA binding domain from the activation domain of a transcriptional activator. One protein (X) is genetically linked to the DNA-binding domain, and the second protein (Y) is fused to the activation domain. When plasmids encoding these two hybrid proteins are introduced into yeast cells bearing the appropriate promoter (i.e. one recognized by the DNA binding domain), if the two (hybrid) proteins interact with each other this brings the activation domain to the DNA binding domain in a non-covalent interaction, which allows for transcriptional activation (typically of some reporter gene). Thus, one hybrid contributes the DNA-binding domain, the other a transcriptional activation domain. The two parts are held together if  X and Y interact, if X and Y do not interact, no functional activator will form, and no activation of the reporter gene will occur.  
27. Refer to Fig. 5.40. The principle is the same as described above except that one protein (e.g. the known protein or bait) is genetically linked to the DNA-binding domain, and a library of test proteins (known as the fish) is constructed in which clones are fused to DNA encoding the activation domain. Plasmids containing the bait and the fish library are co-transfected into the same cell and screened for positive interactions, e.g. if one of the test proteins interacts with the known protein, then the activation domain is brought to the DNA-binding domain and is able to recruit the basal complex leading to transcription of a reporter gene (e.g., lacZ).
28. Generating a knockout mouse relies upon detecting rare homologous recombination events that will replace a resident gene of interest with an interrupted gene construct in mouse stem cells. Marker genes can allow us to distinguish among cells that have undergone no recombination, those in which there have been non-specific recombination events, and the “knockout” cells in which the resident gene has been replaced by the introduced gene. To accomplish this we engineer our cloned gene of interest such that its coding sequence is interrupted with a gene conferring resistance to the antibiotic neomycin. In the same vector, we engineer a thymidine kinase gene.  Stem cells in which there have been no recombination events will be sensitive to neomycin, and its derivative, G418, and can be selected against. Cells that have undergone non-specific insertion of vector sequences into random sites in the genome will likely have incorporated the thymidine kinase gene along with the interrupted gene. We can specifically select against these cells also by taking advantage of the fact that cells carrying a thymidine kinase gene (tk+) cannot survive on gangcyclovir whereas the original stem cells (which are tk-) can. Specific recombination events in which the resident gene has been replaced by the introduced gene will be resistant to both neomycin (or G418) and gangcyclovir. These cells can be used to regenerate a knockout mouse.

29. Inject a cloned foreign gene into the sperm pronucleus of a mouse zygote just after fertilization and let the embryo develop into a chimeric mouse.  Breed this mouse with a wild-type mouse and screen for pups that have the transgene.  These are the transgenic mice.  Alternatively, create the chimeric mouse by injecting the foreign gene into mouse embryonic stem cells and then placing these cells in an early mouse embryo.

Analytical Questions

1. a) A fragment that migrated 25 mm is 700 bp long.

b) We would expect a 220 bp fragment to migrate 48 mm.


In the simple scenario mapped out above, digestion of the mouse genomic DNA with EcoRI and hybridization with the 1.4 kb EcoRI/HindIII fragment as a probe will yield a 1.4 kb fragment in a non-chimeric mouse. A similar experiment with a chimeric mouse containing the neoR gene somewhere within the target gene will yield an additional fragment of 1.8 kbp when performing a Southern blot. This is assuming no EcoR1 site within the introduced gene construct. The blots are shown in the figure below.


2. If we make the assumption that the 5’ end of the DNA molecule is labeled we can view the two labeling alternatives for the promoter fragment as follows:








If the top strand (coding/non-template strand) is 5’-labeled as in diagram A above, then we expect the shorter labeled fragments to correspond to the more upstream regions of the promoter (which have the more negative numbers). If the bottom strand (non-coding strand/template strand) is 5’-labeled as in B, the shorter fragments produced would correspond to the more downstream regions of the promoter (less negative). The gel in figure 5.37b shows us the numbering of the promoter elements in the footprinted DNA fragment. In this gel, the smaller fragments of labeled DNA correspond to more downstream regions of the promoter. Hence the gel in figure 5.37b is consistent with the template strand having been labeled at the 5’ end as in B above. If on the other hand the 3’ end of the DNA used in this experiment was labeled, the expected results of template and non-template strand labeling will be the opposite of that described above.  

4. 
Refer to Fig. 5.23.  Make sure the peak representing your string of two like bases in a row is twice as high as the peaks representing just one base.  Similarly, make sure the peak representing your string of three like bases in a row is three times as high as the peaks representing one base.
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