EXAM 6 OBJECTIVES
BIOLOGY 1406 - CHAPTER 16
MOLECULAR BASIS OF INHERITANCE
1. Explain why protein was originally thought to be the genetic material rather than nucleic acid. 

2. Summarize the work of the following scientist which helped prove DNA to be the genetic material; Griffith, Hershey and Chase, Chargaff. 
3. List the nitrogen bases found in both DNA and RNA, how they base pair and how purines differ from pyrimidines. 

4. Explain the Watson/Crick DNA model. 

5. Describe the process of DNA replication and explain the role of helicase, single strand binding protein, DNA polymerase, ligase and primase. 

6. Explain how DNA replication is semiconservative. 

7. Explain the difference between the leading and lagging strands and how each is synthesized. 

8. Explain the role of DNA polymerase, ligase and repair enzymes in DNA proofreading and repair. 

9. Discuss the structure of the genetic code. 

10. Review the organization of DNA in chromosomes. 

BIOLOGY 1406 - CHAPTER 17
FROM GENE TO PROTEINS
1. Distinguish between the following concepts of the gene; Mendelian gene, one gene-one protein and one gene-one polypeptide. 

2. Explain the link between genes and proteins. 

3. Outline an overview of transcription and translation, identifying the structure and function of messenger (mRNA), ribosomal (rRNA) and transfer (tRNA). 

4. Describe where transcription and translation occur in prokaryotes and eukaryotes. 

5. Explain why these differences are significant, and why, that in eukaryotes, transcription and translation are separated in space and time by the nuclear membrane. 

6. How does the production and function of mRNA differ between prokaryotes and eukaryotes? 

7. Describe the role of RNA polymerase in transcription. 

8. How does RNA polymerase recognize where transcription begins. 

9. Discuss the role of exons and introns in mRNA synthesis. 

10. Define codon. How many different codons exist. How many code for amino acids. How many are start/stop sequences. 

11. How is the linear sequence of mRNA codons related to the sequence of amino acids in the polypeptide. 

12. Explain why the genetic code is defined as being redundant and unambiguous. 

13. Given a sequence of DNA, predict the complementary mRNA codon sequence and the corresponding anticodons of tRNA. 

14. Describe the "wobble" effect. Explain how aminoacyl-tRNA synthetase matches a specific amino acid to the appropriate tRNA. What is the energy source? 

15. Discuss the function of tRNA and rRNA in protein synthesis. 

16. Review the role and structure of ribosomes and polysomes. 

17. Review the following stages of translation; initiation, elongation and termination. 

18. Explain the following types of point mutations and how each might affect genomic expression: base pair insertion, deletion and substitution. Which is the most likely to have the least impact on gene expression? 

 

 



EXAM 6 NOTES
CHAPTER 16
DNA STRUCTURE AND FUNCTION
1. Proteins were originally thought to be the only biomolecule that had enough complexity to serve as the genetic material. After all proteins were composed of up to 20 different amino acids that could serve as some type of alphabet, proteins were already known to serve as enzymes, thus controlling cellular metabolism and protein was the most common compound in the nucleus, making up 65% of the chromatin. Nucleic acids like DNA, making up only 30 % of the chromatin were thought to be to simple in structure, since they are composed of only four types of nucleotides. 

2. Data provided by the following scientist helped prove DNA to be the genetic material. 

A. Griffith and bacterial transformation 1928. Griffith showed that something from heat killed smooth bacteria was transforming some rough types into smooth. It seemed unlikely that protein was the transforming material since protein is denatured by heat. Disease causing pneumonia bacteria produce smooth colonies due to the presence of a gelatinous capsule outside the cell wall, and non-disease producing forms produce rough colonies due to the absence of the capsule. The following experiments showed that something from heat killed bacteria could transform normal types in culture. 

· Streptococcus pneumoniae - smooth "S"and rough "R" colonies 

· Mice injected with live S bacteria - Developed pneumonia 

· Mice injected with live R bacteria - Did not develop pneumonia 

· Mice injected with heat killed S bacteria - Did not develop pneumonia 

· Mice injected with heat killed S and live R bacteria - Some developed pneumonia, R bacteria had been transformed to S bacteria. 

· DNA was later discovered to be the transforming agent in 1944 

B. Evidence from Bacteriophage (bacterial virus)Hershey and Chase conducted the following experiment with bacterial virus called T2 phage. These virus are composed of an outer protein shell and an inner core of protein. It was known that virus, all or part , entered the host to initiate infection. Their experiment was to determine which entered the bacteria, and thus which, protein or DNA was the genetic material of the virus. 

· Labeled T2 phage protein with 35S 

· Labeled T2 phage DNA with 32P 

· Protein and DNA labeled phage were allowed to infect separate non-radioactive colonies. 

· Cultures agitated 
· Mixtures were centrifuged forcing bacteria to the bottom, lighter virus remained above. 

· Radioactive 32P was found in the bacteria, while viral protein with 35S was outside the cells, thus DNA entered the cells and was the genetic material. 

C. Chargaff's Rule 

· Base pair rule determined that the amounts of adenine and thymine were equal and that the amounts of cytosine and guanine were also equal. 

· He also determined that the amounts of A/T and G/C were consistent within a species. 

D. Later work demonstrated the following. 

· The amount of DNA remained constant within daughter nuclei after mitosis 

· The DNA content of haploid cells was half that of diploid cells. 

· The amount of DNA was the same for all cells within a species except for gametes which had half as much DNA. 

E. These and other experiments helped prove DNA to be the genetic material for cellular organisms. 

3. Pyrimidines are single ring compounds while purines are double ring molecules. The pyrimidines cytosine and thymine are found in DNA while uracil replaces thymine in RNA. Both DNA and RNA have the purines adenine and guanine. when strands of nucleotides pair, pairing is between nitrogen bases. Pairing is always between a purine and pyrimidine, more specifically adenine/thymine and guanine/cytosine in DNA while adenine pairs with uracil in RNA. 

4. The following contributed considerable information for the final determination of DNA structure. 

A. Rosalind Franklin & Maurice Wilkins used x-ray crystallography to get a three dimensional image of DNA which allowed James Watson & Francis Crick to calculate the shape and dimensions of the DNA molecule. The repeating patterns observed by Watson and Crick were: 
· 2nm wide = 1 purine & 1 pyrimidine A - T or G - C 

· N-bases are .34 nm long 

· 3.4 nm distance for the double stranded DNA helix to make one full turn, thus 10 nucleotides are stacked in each turn. 

B. With this information Watson and Crick calculated that the DNA molecule was composed of two strands of DNA nucleotides oriented in opposite directions, that strands bonded together by hydrogen bonds between their pairing nitrogen bases and that the width of the double strand was exactly enough for one purine and one pyrimidine. They also determined that the double stranded molecule is twisted into a double helix making one complete turn for every 10 nucleotides in length. 

5. DNA REPLICATION AND REPAIR: The Watson/Crick Model suggest a mode of replication. It suggest that double stranded DNA separates exposing the nitrogen bases of each strand, which function as a template for the synthesis of complementary strands. The question was to determine if replication was conservative are semiconservative replication 

Meselson & Stahl's Experiment
· Grow E. coli for several generations on media rich in 15N which is then incorporated into the N-bases of the newly synthesized nucleotides. 
· Transfer E. coli to medium with 14N. 

· Separation of DNA after first and second generations. 

· Isolated DNA of intermediate weight after first generation. 
· Isolated both light and intermediate DNA after the second generation. 
6. MODERN LOOK AT DNA REPLICATION 

· The concept of DNA replication is conceptually simple, but in reality is very complex. 

· Very fast at a rate of 500 nucleotides per second in prokaryotes and 50 per second in human cells. 
· Accurate with only 1 mistake per billion nucleotides. 

· DNA helicases catalyze the unwinding of the double helix forming two replication forks spreading in both directions down the double helix. This forms a replication bubble in which DNA is replicated. 
· Single-strand binding proteins keep the two strands apart and stabilized. 

· DNA polymerase catalyzes synthesis of new DNA strands. 

· Primers are short RNA segments necessary for the action of DNA polymerase. A portion of the DNA strand serves as a template for the synthesis of the complimentary RNA primer. 

· Replication is antiparallel; that is each strand is synthesized in opposite directions, moving from the 5' to 3' end of each strand. 

· Leading strand is synthesized as a single growing polymer, 5' to 3'. 

· Lagging strand is synthesized in fragments called Okazaki fragments which are each synthesized in the 5' to 3' direction. 

· Fragments are linked by the enzyme DNA ligase. 

· A primer segment is necessary for the initiation of each Okazaki fragment. 

· Primers are removed and replaced with DNA by DNA polymerase. 

7. DNA REPAIR: 

· DNA proofreading: In bacteria errors are corrected by DNA polymerase as it checks for accuracy. In eukaryotes the process is not that well understood. 

· More than 50 different DNA repair enzymes. 

· Either directly repairs the mistake or the damaged segment is excised by one repair enzyme and the gap filled by the activity of DNA polymerase and DNA ligase. 

8. The genetic code is made up of linear triplets of nucleotides. Each triplet acts as a coding unit, the codon,which specifies a specific amino acid. With four different nucleotides in DNA, 64 different combinations of 3 are possible. This is more than enough with only 20 amino acids used in making proteins. Actually 61 triplets code for amino acids and the other three are stop/start signals. 

9. In the nucleus DNA is organized into a complex network of DNA and histone protein called chromatin. Chromatin is 35% DNA 60% protein and 5% RNA. 

CHAPTER 17 - FROM DNA TO PROTEIN

1. A GENE REDEFINED: 

· Mendelian Definition - The unit of genetic material needed to code for a single characteristic. 

· One Gene-One Protein - Unit of DNA which codes for one protein. 

· One Gene-One Polypeptide - Unit of DNA which codes for one polypeptide. 

2. The sequence of codons determines the identity, the sequence and number of amino acids in the polypeptide. This is the identity or primary structure of the polypeptide. The polypeptide is either a functional protein or the protein is composed of two or more polypeptides. 

3. Transcription is the transfer of the genetic code from DNA to messenger RNA (mRNA). In this process the nucleotide sequence of DNA serves as a template for the synthesis of a complimentary strand of RNA.   Translation - The process by which the mRNA code is read and converted into a polypeptide. 

· mRNA is messenger RNA. It carries the genetic code for a polypeptide from the DNA to the ribosome which serves as the site of protein synthesis. 

· tRNA is transfer RNA which identifies and carries a specific amino acid to the site of protein synthesis at the ribosome. 

· rRNA is ribosomal RNA and serves as a structural and functional component of ribosomes. 

4. In prokaryotes there is no nuclear membrane, thus ribosomes attach directly to mRNA as it is being transcribed from the chromosome and translation is initiated while the mRNA is still being transcribed. No processing is needed for the final functional version of mRNA. In eukaryotes transcription occurs in the nucleus while translation occurs in the cytoplasm. Eukaryotic mRNA requires processing before it is functional. RNA is composed of coding units (exons) and non-coding units (introns). Introns must be removed and the exons spliced together before eukaryotic mRNA becomes functional.  Separation of transcription and translation in time and space by the nuclear membrane possibly allows the production of a greater variety of proteins and greater control over protein synthesis. 

5. TRANSCRIPTION: 

· RNA polymerase - Enzyme needed to synthesize RNA from a DNA template. 

· Prokaryotes have one type of RNA polymerase while eukaryotes have 3. 

· Three steps of transcription 

· Polymerase binding and initiation - This involves binding to the promoter along with the assistance any needed transcription factors in Eukaryotes. Prokaryotes do not have transcription factors, but have a detachable subunit, the sigma factor that assist with attachment. 

· Elongation - The process of building the RNA strand nucleotide by nucleotide. 

· Termination - Transcription stops when RNA polymerase reaches a termination sequence at the termination site and the newly synthesized mRNA strand is released. 

· Prokaryote mRNA is ready for translation even as it is being synthesized; it does not need processing. 

· Eukaryote mRNA is processed in the cytoplasm with non coding sequences, introns, being excised and coding sequences, exons, being spliced together to form functional mRNA. 

· Binding and initiation in Eukaryotes 

· Promoter - Involved with binding RNA polymerase and initiation. 

· Transcription factor - Proteins that bind to specific DNA sequences of the promoter and assist RNA polymerase recognize and bind to the promoter. 

6. Eukaryotic mRNA requires processing before it is functional. RNA is composed of coding units (exons) and non-coding units (introns). Introns must be removed and the exons spliced together before eukaryotic mRNA becomes functional. 

7. The genetic code is made up of linear triplets of nucleotides. Each triplet acts as a coding unit, the codon, which specifies a specific amino acid. With four different nucleotides in DNA, 64 different combinations of 3 are possible. This is more than enough with only 20 amino acids used in making proteins. Actually 61 triplets code for amino acids and the other three are stop/start signals. Non-overlapping code - Each individual sequence of three nucleotides represents one individual codon. Codons do not overlap. Redundant but unambiguous code - Many amino acids are coded by more than one codon, but no codon codes for more than one amino acid. 

8. There are more codons than amino acids since there are 64 codons and only 20 amino acids. Sixty one codons code for amino acids with the remaining 3 serving as start/stop signals. Several amino acids are coded by more than one codon. Usually the first two nucleotides of these codons are identical, but the third is different. This variation in the third nucleotide of codons which code for the same amino acid is referred to as the "wobble effect". 

9. Ribosomal RNA serves as both structural and functional role in ribosomes. Ribosomes are approximately 60% rRNA and 40% protein. Some of the RNA molecules function as ribozymes.Transfer RNA (tRNA) is responsible for the identification of a specific amino acid and its transport to the site of protein synthesis on the ribosome where the amino acid is incorporated into the building polypeptide. The following are characteristics of tRNA. 
· Single strand of approximately 80 nucleotides 
· The anticodon is a unique sequence of three nucleotides that binds to a specific complimentary mRNA codon at the ribosome 

· 45 distinct types of tRNA. 
· Wobble - The ability of a tRNA to recognize two or three different mRNA codons. When this happens the first two bases are compatible, but variation exit between the third bases. 

· Aminoacyl-tRNA synthetase is an enzyme that is active in the transfer of phosphate from ATP to tRNA resulting in the activation of tRNA so that it can attach to a specific amino acid. This complex is an aminoacyl-tRNA. 

10. Ribosomes are composed of two subunits that join together, as they attach to the mRNA, to form a complete ribosome. The ribosome has two binding sites, the A and P site. The A site is the site to which the in coming tRNA anticodon attaches to the mRNA codon as it brings an amino acid to the ribosome. Next the tRNA moves from the A site to the P site. A second tRNA attaches to the A site the amino acid located at the P site is transferred to the amino acid attached to the tRNA at the A site. This is the beginning of the polypeptide as a peptide bond forms between the two amino acids. The process continues over and over as the ribosome moves down the mRNA codon by codon. A polysome is an association of two or more ribosomes with a single strand of mRNA, thus several polypeptides can be synthesized at once. 

11. Initiation of translation starts as the initiator tRNA binds to the small ribosomal subunit. As this occurs the start codon of the mRNA (AUG) also binds to the small subunit. Next the large subunit binds to the small one forming the complete mRNA/ribosome complex. 

12. Elongation is the next phase of translation. During elongation the ribosome moves down the mRNA molecule codon by codon catalyzing the synthesis of the polypeptide. This occurs as described in #13. 

13. Termination is the third and last phase of translation. As the ribosome encounters the termination codon at the end of the mRNA strand, release factors cause the polypeptide and both ribosomal subunit to detach from the mRNA strand. 

14. Mutations can have major impact on the final product of protein synthesis. Listed below are various types of point mutations that can impact translation. 

· Point mutations - A mutation that affects only one nucleotide in the mRNA strand. 

· Insertion - An insertion inserts one extra nucleotide into the mRNA strand causing a frame shift from that point to the end of the mRNA. 

· Deletion - A deletion is the removal of one nucleotide from the mRNA strand. This also causes a frame shift from the point of the deletion to the end of the mRNA strand. 

· Substitution - The substitution of one nucleotide for another. This affects only the one codon in which the substitution occurred. Substitutions potentially have the least impact on the protein produced, but it is possible for the mutation to be significant as in sickle cell anemia. 
 



