Chapter 4 Short Answers 
1) You isolate a piece of DNA from a microorganism you cultivated from your teeth. The piece of DNA is 94 kbp is size and is circular. You sequence it and discover that it contains genes for capsule formation, pili, and antibiotic resistance, as well as an origin of replication. What is this piece of DNA and how is it related to the other genetic elements found in prokaryotic cells?
Answer:  The piece of DNA is most likely a plasmid. Plasmids are usually less than 1 Mbp in size and are circular. Chromosomes are much larger and can be circular or linear, although they are usually circular in prokaryotes. Plasmids usually carry genes for antibiotic resistance and other special metabolic or structural features that impact cell ecology and virulence, but are not absolutely essential for cellular growth and replication. Plasmids can also replicate independently from the chromosome, although they use the host cell's DNA polymerase and other enzymes for replication. Plasmids are different than viruses because they are always made of double-stranded DNA, are circular, and contain origins of replication.Bloom's Taxonomy:  AnalysisChapter Section:  4.3
2) The following is the sequence of bases in the sense strand of a DNA segment and contains the
beginning of a gene.
DNA 3' A T A T T A C C A G G C A T G G A C C C C C G G G 5'
Based on this sequence, write the sequence of the anti-sense DNA strand and the mRNA. Label
the 5' and 3' ends in your predicted sequences. The start codon in this organism is AUG. Indicate
where the start codon is in your sequence. Why is the start codon important? Why does there
have to be a specific start codon?
Chapter Section: 4.6
Answer:  
Anti-Sense: 5' T  A  T  T  T  A G  G  T  C  C  G  T  A  C  C  T  G  G  G  G  G  C  C  C  3' 
mRNA:  5' U  A  U  A  A  U  G G  U  C  C  G  U  A  C  C  U  G  G  G  G  G  C  C  C  3'
The start codon is bolded and underlined above and should only be indicated in the mRNA molecule. A start codon is important because it tells the ribosome where to start reading the codons so that the gene is read in the correct frame.  Without a start signal (codon) to indicate which nucleotide to start reading the three letter codons from, the frame couldbe shifted. This would completely change the amino acids that are read and could result in "nonsense," or a non-functional protein. Bloom's Taxonomy:  Application Chapter Section:  4.6
3) What is the basic flow of genetic information in all cellular life? Include in your answer a diagram that illustrates the relationships between the basic components and steps in the flow of genetic information.
Answer:  Answers and diagrams should demonstrate understanding of the central dogma of molecular biology (DNA RNA Protein) and the basic enzymes/molecules involved in each step (RNA polymerase, ribosomal proteins, rRNA, and tRNA). Answers could also explain that codons direct the order of amino acids in a protein, but the question does not explicitly ask for that information.Bloom's Taxonomy:  ComprehensionChapter Section:  4.1

4) Explain the difference between transcription and translation and how the processes differ in bacteriaand eukaryotes.
Answer:  Transcription is the process in which mRNA transcripts are synthesized from DNA, whereas translation uses RNA as a template to synthesize peptides (or proteins). Transcription and translation occur simultaneously in the cytoplasm in bacteria, but in eukaryotes transcription occurs in the nucleus and translation takes place in the cytoplasm and endoplasmic reticulum. Transcripts are not significantly modified in bacteria before translation begins, but significant modification of mRNA occurs in eukaryotes before translation can begin. Eukaryotic mRNA contains introns that must be removed before translation. Capping and poly-A tail addition must also occur for the mRNA to be exported from the nucleus and translated in eukaryotes. Bloom's Taxonomy:  ComprehensionChapter Section:  4.95) 
5) Explain the concept of semiconservative replication and how simultaneous copying of both strands of DNA is accomplished in prokaryotic cells.
Answer:  During replication, only one of the two strands is used as a template (called the parental strand) to form a complementary strand called the progeny (or daughter) strand. Therefore, because only one of the two parental strands is needed for replication, it is considered partially (or semi-) conservative. Simultaneous copying of both strands of DNA is accomplished by opening the DNA double helix and copying the DNA in both directions, forming a replication bubble. One of the DNA strands (the leading strand) is continuously copied by DNA polymerase in the 5' to 3' direction. The other strand of DNA (the lagging 3' to 5' strand) must be copied in short fragments, because the direction of synthesis is the opposite of the movement of the replication fork. This occurs because DNA can only be synthesized in the 5' to 3' direction. Synthesis of DNA on the lagging strand must be repeatedly primed and extended, then the RNA primer is removed and replaced with DNA. The final step, which is performed by DNA ligase, is to join all of the DNA fragments together in a completed continuous daughter strand. (The level of detail in this question should be commensurate with the level of detail discussed in class with the students.)Bloom's Taxonomy:  ComprehensionChapter Section:  4.6
6) Some essential genes and DNA sequences in cells DO NOT encode for proteins but are still essential for cellular growth and replication. Give two examples of a gene or sequence of which this is true and explain why it is essential for growth or replication.
Answer:  Answers to this question could use many different examples such as rRNA and tRNA encoding genes. These genes are NOT translated into protein but are transcribed. The RNA that is made after transcription is the final end product that is critical for translation. Without rRNA or tRNA genes a cell would not be able to make new proteins or grow. Other essential DNA sequences are promoter sequences, ribosome binding sites, and termination sequences. Promoters and ribosome binding sites are never translated, but they are critical to the expression of all genes in a cell.Bloom's Taxonomy:  ApplicationChapter Section:  4.13
7) Explain the role of sigma factors in RNA synthesis in Bacteria.
Answer:  A sigma factor is one of five subunits within an RNA polymerase involved exclusively in transcription of DNA to RNA. It identifies and binds to a promoter (initiation) site, notably the highly conservative -10 and -35 sites, which creates an RNA polymerase-DNA template complex that facilitates transcription initiation. A sigma factor then dissociates from the template after a short stretch of RNA is synthesized. They are also subject to regulation by anti-sigma factor proteins that temporarily inactivate a sigma factor and thus halt RNA synthesis.Bloom's Taxonomy:  ComprehensionChapter Section:  4.810) 
8) Explain the process of RNA transcription using the terms upstream, Pribnow box, and consensus sequence.
Answer:  The RNA polymerase holoenzyme initiates transcription without the need for a primer. The sigma factor component of RNA polymerase easily dissociates from the holoenzyme to first recognize the promoter region by specifically binding to the Pribnow box and consensus sequence, which are both upstream of the transcriptional start site.Bloom's Taxonomy:  ComprehensionChapter Section:  4.8
9) Explain how Escherichia colican grow with a doubling time of 20 minutes when chromosome replication takes 40 minutes.
Answer:  Answers should demonstrate understanding that a second round of replication will begin before the first round is finished under optimum growth conditions. Thus the cells can divide in less than 40 minutes, because it started copying the chromosome in the previous mother cell.Bloom's Taxonomy:  ComprehensionChapter Section:  4.417) 
10) Speculate why the half-life of mRNA is short, while the half-lives of rRNA and tRNA are long.
Answer:  An important feature present in rRNA and tRNA yet lacking in mRNA is the secondary structures that make them more difficult to degrade by ribonucleases. These additional bonds also require more energy input to degrade them. Based on their function in the cell, mRNA is just a messenger and should thus be temporary. rRNA and tRNA are stable enzymatic molecules that are continuously catalyzing reactions in the cells.Bloom's Taxonomy:  SynthesisChapter Section:  4.12
[bookmark: _GoBack]11) Explain why GC-rich DNA requires a higher temperature to denture or melt than AT-rich DNA and hypothesize as to why the GC content of chromosomes in microorganisms from different environments varies widely.
Answer:  The overall increase in stability of G-C pairing should be emphasized over A-T binding. A DNA strand with high GC content (low AT) has more triple H bonds compared to an AT rich (low GC) strand of the same length contains mostly double H bonds. More energy is therefore required to break more H bonds, and thus GC rich DNA is more heat resistant to denaturation. The fact that GC rich DNA is more heat resistance may mean that microorganisms adapted to high temperature environments may have chromosomes with higher GC content than microorganism in moderate or low temperature environments.Bloom's Taxonomy:  SynthesisChapter Section:  4.2
