Answers to Weaver end of chapter questions

Chapter 3  Introduction to Gene Function
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Structureof an helix.

Structure of a -pleated sheet.

This helical structure is stabilized by  bonding between adjacent side chains of amino acids.
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This structure is stabilized by hydrogen bonding between atoms in the adjacent polypeptide chain backbones.
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1. The primary structure of a protein is the linear order of amino acids in the polypeptide chain joined by covalent peptide bonds. The secondary structure refers to the formation of either -helices or -pleated sheets by the peptide chain.  -helices are stabilized by hydrogen bonding between the side chains of the amino acids whereas -pleated sheets result from packing of polypeptide chains side by side joined by hydrogen bonding between parallel backbones of the chain.  These two types of secondary structure can be linked by turns in the polypeptide chain. The tertiary structure is the overall three dimensional shape of a protein as it folds into its functional conformation. This shape is a result of a number of types of interactions between functional groups on the amino acids including, ionic bonding, hydrogen bonding, and hydrophobic interactions.  Although non-covalent interactions play the most significant role in stabilizing the tertiary structure of a protein, covalent bonds, primarily disulphide bonds between cysteines, are often present. The quaternary structure of a protein refers to the assembling of two or more separate polypeptide chains to form the functional protein. The quaternary structure of a protein is stabilized mainly by hydrophobic interactions. 

2. Archibald Garrod is the physician who was credited with noting the hereditary nature of the disease, Alcaptonuria. Being familiar with Mendel’s work, he proposed that a single recessive gene caused the disease. He also hypothesized that the disorder was caused by a defect in a metabolic pathway and thus, a defective enzyme. Putting these two observations together, he made the connection between the protein encoding the enzyme and the recessive gene. This suggested that genes encode proteins.

3. Beadle and Tatum used the experimental system, Neurospora crassa, to demonstrate the relationship between genes and proteins. Neurospora is a haploid eukaryote that can reproduce sexually by fusing two haploid nuclei which then produce haploid spores by meiosis. In order to grow, the fungus relies upon a series of biochemical pathways that can synthesize a complete set of amino acids and vitamins if the fungus is provided with inorganic nitrogen and the single vitamin biotin.  By irradiating the spore forming parts of the fungus with X-rays and performing genetic analysis on the progeny, they generated many pure strains of the fungus, each of which could not grow on minimal media but which could grow on a medium which contained all of the amino acids and vitamins that the wild-type fungus can synthesize. They then set about the laborious task of determining which strain was mutant in which biochemical pathway. They accomplished this by determining which strain could grow with the addition of a particular vitamin, for example, pantothenate. A strain that could grow only when supplemented with a particular vitamin had a mutation in this pathway. They tested the ability of various intermediates to allow the fungus to now grow (to complement the mutation) allowing them to further pinpoint the specific step in the pathway that was blocked. If a strain could grow when provided with a particular intermediate, they then concluded that the mutation lay in a step prior to the production of that intermediate. Thus they built up a series of mutants, each with a specific enzymatic defect inherited as a single gene. This demonstrated the connection between single genes and the single polypeptides comprising each enzyme. 

4. The two main steps in gene expression are transcription, which is the generation of an mRNA molecule from the DNA template, and translation, which is the generation of a polypeptide chain as determined by the linear sequence of codons in the messenger RNA.

5. See Figure 3.12.  The work of Jacob and colleagues demonstrated the existence of an RNA molecule, messenger RNA, which transiently associates with the ribosome and directs protein synthesis. They provided evidence refuting Crick’s hypothesis that the genetic information is carried in ribosomal RNA and is therefore an integral part of the ribosome.  They used E. coli infected with T2 bacteriophage as their experimental system. Upon infection of E. coli with phage T2, there is a massive shift in protein synthesis as the bacteria begin making phage proteins. Jacob et al. hypothesized that, if protein synthesis is directed by a messenger RNA molecule not permanently associated with the ribosomes, a shift in protein synthesis would not require replacement of ribosomes with ones carrying the information for the synthesis of the new phage proteins. To label and track ribosomes before and after phage infection, they grew E. coli in heavy isotopes of nitrogen and carbon before infection. These E. coli cultures were then transferred to media containing the light isotopes of carbon and nitrogen and, at the same time, they were infected with T2 phage and 32P was added to label the newly synthesized mRNA.  Using density gradient centrifugation it was possible to separate the “old” heavy ribosomes from the newly-synthesized light ribosomes. They then determined whether the RNA associated with each ribosome type was labeled with 32P and therefore newly synthesized. They showed that labeled RNA was associated with the ribosomes made before the phage transfection. This demonstrated the existence of a messenger molecule mRNA which transiently associates with ribosomes directing the production of a specific protein.  Thus, the protein made by a ribosome could change depending on which mRNA associated with the ribosome.
6. The three steps in transcription are inititation, elongation, and termination.

Initiation involves binding of the RNA polymerase to the promoter causing a localized melting of a region of about 12 base pairs. The polymerase then initiates synthesis of a messenger RNA chain complementary to the template strand. 
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The elongation phase begins after the first few nucleotides have been assembled and the polymerase leaves the promoter to move downstream and catalyze elongation of the mRNA molecule. 
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Particular DNA sequences at the 3’end of genes are responsible for termination, the final stage in gene transcription. RNA polymerase interacts with these sequences and the result is loosening of the association between the RNA polymerase, the RNA, and its DNA template.
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7. A 5S, a 16S and a 23S ribosomal RNA molecule are each present in the E. coli ribosome. The 5S and 23S RNAs are present in the larger 50S subunit of the 70S ribosome. The 16S ribosomal RNA is present in the smaller 30S subunit of the E. coli ribosome. 

8. The cloverleaf structure of RNA
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9. A tRNA molecule has two functional ends, the amino acid attachment site, and the anticodon loop. The key to its ability to serve as an adaptor between the codons of the mRNA and the amino acids in the protein is the specific attachment of amino acids to tRNAs.  The codon for the amino acid attached to a tRNA is complementray to the anticodon on that specific tRNA molecule. This specificity of attachment is a result of the action of specific aminoacyl-tRNA synthetases catalyzing the generation of charged tRNA molecules. For example, the enzyme phenylalanine-tRNA synthetase, attaches the amino acid phenylalanine to tRNA molecules bearing the anticodon GAA which will bind to the UUC or UUU phenylalanine codons ensuring the correct addition of this amino acid to the growing peptide chain. Thus, tRNA molecules allow the generation of a polypeptide chain in which the linear sequence of amino acids is determined by the sequence of codons in the mRNA.
10. A single base pair subsitition in a gene can result in the premature termination of translation of the mRNA from that gene if that substitution results in the generation of the stop codon in place of an amino acid codon. For example, the codon UUG specifies the amino acid leucine. A single base pair substitution resulting in alteration of that codon to the stop codon UAG, will lead to premature termination of the polypeptide chain at the leucine position. 

11. The genetic code is in the form of 3 nucleotide codons, the sequential order of which dictates the linear sequence of amino acids in a polypeptide chain. If a single base pair in a DNA sequence is deleted, the mutation will affect, not only that particular codon, but all subsequent codons since these will now have lost their original triplet groupings. This is called a frameshift mutation and following the frameshift different amino acids will be specified. This could by chance lead to the premature introduction of a stop codon in the nucelotide sequence thereby prematurely halting translation of the corresponding mRNA. Consider this example: 

The sequence, ACU AUA GAA GGU, directs the synthesis of the peptide sequence: threonine,

isoleucine, glutamate, glycine.  Deleting the “A “at position four will result in the sequence: ACU UAG AAG GU.  The second codon is now the stop codon, UAG, and translation will be terminated at that point.

12. A substitution of one nucleotide for another in the coding region of a gene will alter the three- nucleotide sequence in a codon. Given the degeneracy of the genetic code, this may not alter the amino acid specified by that codon, but often it will. For example, the codon GGC specifies the amino acid glycine. Substution of the second G with a C will result in GCC, which specifies the amino acid alanine.

Analytical Questions

1. Given this portion of a bacterial gene with the template strand on the bottom:

5’ GTATCGTATGCATGCATCGTGAC 3’ 

3’ CATAGCATACGTACGTAGCACTG 5’

a) The mRNA transcribed from this gene starting from the first T is:


5’AUCGUAUGCAUGCAUCGUGAC 3’

b) The initiation codon (AUG) is underlined.

c) Changing the first G in the template strand to a C would result in an initiating AUG codon three codons upstream from its position in part b) thus making the open reading frame longer.

dsDNA
5’ GTATCGTATGCATGCATCGTGAC 3’ 

3’ CATACCATACGTACGTAGCACTG 5’

mRNA

5’ AUGGUAUGCAUGCAUCGUGAC 3’

d) Changing the second T in the template strand to a G will result in a shorter open reading frame since the initiating AUG will be further downstream.

dsDNA 
5’ GTATCGTATGCATGCATCGTGAC 3’ 

3’ CATAGCAGACGTACGTAGCACTG 5’

mRNA 
5’ AUCGUCUGCAUGCAUCGUGAC 3’

e) Changing the last T in the template strand to a C will replace the stop codon UGA with the codon UGG encoding the amino acid tryptophan. This will result in a longer transcript since translation will now continue through this codon to the next stop codon downstream in this bacterial gene.

dsDNA
5’ GTATCGTATGCATGCATCGTGAC 3’ 

3’ CATAGCATACGTACGTAGCACCG 5’

2. A pantothenate mutant that can grow on pantoate must have the ability to complete the third or final step in the biosynthetic pathway for panthothenate. We can conclude that the mutation involves either step one or step two in the biosynthetic pathway. 

The amino acid attaches here
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