HL IB Biology: Nucleic Acids Topic 3 & 7
I. DNA Structure 
i. General structure

1.  A nucleotide is composed of a molecule of deoxyribose with a phosphate group attached to the five-prime carbon and a nitrogenous base attached to the one-prime carbon.  

2. Phosphate groups & deoxyribose molecules form the DNA backbone and are held together by a covalent bond called a phosphodiester bond or linkage
a. Phosphodiester bond in DNA forms between a hydroxyl group of the three-prime carbon of deoxyribose and the phosphate group attached to the five-prime carbon of deoxyribose (condensation reaction)
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b. Complementary base pairs = A-T  &   G-C

c.  Hydrogen bonds between purines & pyrimidines
i. Purines = A & G are double ring structures

ii. Pyrimidines = T & C are single ring structures  

iii. Complementary base pairing always occurs between a single and a double ring structure
iv. Double hydrogen bonds btw A & T

v. Triple hydrogen bonds btw G & C

d. Anti-parallel strands because of the 3’ to 5’ linkages on one strand and the 5’ to 3’ linkages
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ii. Is DNA the genetic material?

1. Hershey & Chase – carried out experiments that helped confirm DNA as the genetic material of life by using radioisotopes 
2. Radioisotopes are radioactive forms of elements that decay over time

3. Bacteriophages is a virus composed of a protein outer coat and an inner core of DNA

4. When a virus infects a cell it takes over the metabolism of the cell resulting in multiple viruses of its kind being formed. 

a. They grew bacteriophages viruses in two different types of cultures

i. One culture included radioactive phosphorus-32 and the virus produced in this culture had DNA in their cored with the detectable phosphorus. 

ii. Another culture included a radioactive from of sulfur-35 and this detectable radioisotope was present in the protein outer coat of the viruses produced in this culture. (DNA doesn’t include sulfur so there was no sulfur-35 inside the outer coat)

b. The two types of bacteriophage with the different radioisotopes were then allowed to infect the bacterium (e coli)

c. The e coli infected with the phosphorus-32 bacteriophage had the radioactivity inside their cell wall because DNA contains phosphorus and not sulfur 

d. This allowed Hershey and Chase to conclude that DNA, not protein, was the genetic material of the bacteriophage.
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iii. Rosalind Elsie Franklin  - was an English chemist who made contributions to the understanding of the molecular structures of DNA (deoxyribonucleic acid), RNA (ribonucleic acid) and viruses.

1. The X-ray diffraction images of DNA led to the discovery of the DNA double helix. Franklin's X-ray diffraction images, which implied a helical structure for DNA and enabled inferences concerning certain key details thereof, were shown to James Watson by Wilkins. According to Crick, her data were key in determining Watson and Crick's 1953 model, the correct description of the helical structure of DNA.
iv. DNA packaging 

1. Eukaryote cells are paired with a type of protein called histone

2. Eight histones make up the nucleosome core

3. DNA wraps twice around the eight histones of the nucleosome core
4. DNA is attracted to the histones because DNA is negatively charged and histones are positively charged

5. When DNA is wrapped around histones it is inaccessible to transcription enzymes which brings about a regulation of the transcription process 
v. DNA sequences 

1. Genomics involves the science of sequencing, interpreting, and comparing whole genomes

2. Less than 2% of the human DNA actually codes for proteins or other materials required for protein synthesis 

3. Regions of DNA that do not code for proteins include areas that act as regulators of gene expression, introns, telomeres and genes that code for tRNA. 
a. A telomere is a region of repetitive nucleotide sequences at each end of a chromatid, which protects the end of the chromosome from deterioration or from fusion with other chromosomes. 

[image: image4.png]



4. Highly Repetitive Sequences – between 5 and 300 base pairs per repeat – up to 100,000 replicates 

a. if this DNA is clustered in a discrete area it is called satellite DNA

b. has no coding functions

c. They are transposable elements which means they can move from one genome location to another (crossing over discovered by Barbara McClintock in 1950) 
5. Protein coding Genes  - single copy genes that have coding functions (Human Genome Project in 2001) 

a. Made up of numerous fragments of protein-encoding (exons) information interspersed with non-coding fragments (introns)
b. Structural DNA is highly coiled DNA that does not have a coding function either which occurs around the centromere and telomeres (pseudogenes = inactive genes) 
6. Polymorphisms = specific regions of DNA that show significant variation from other humans or people 
a. Short tandem repeats (STR’s) = a group of 13 very specific loci (locations on a chromosome composed of 2-5 bases) (used in DNA profiling) 
II. DNA Replication
a. Semi-conservative - describes the mechanism by which DNA is replicated in all known cells. Semiconservative replication would produce two copies that each contained one of the original strands and one new strand. (Analysis of Meselson & Stahl’s results to support theory of semi-conservative replication of DNA)
b. The Meselson–Stahl experiment was an experiment in 1958 which supported the hypothesis that DNA replication was semiconservative. In semiconservative replication, when the double stranded DNA helix is replicated, each of the two new double-stranded DNA helixes consisted of one strand from the original helix and one newly synthesized. 
i. Meselson and Stahl decided the best way to tag the parent DNA would be to change one of the atoms in the parent DNA molecule. Since nitrogen is found in the nitrogenous bases of each nucleotide, they decided to use an isotope of nitrogen to distinguish between parent and newly-copied DNA. The isotope of nitrogen had an extra neutron in the nucleus, which made it heavier
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ii. DNA in the chromosome is copied in the nucleus of eukaryotes and can occur at any origin  

iii. Prokaryotes – starts at origin of replication
c. Process of Replication:
i. Begins at the origin, which appears as a bubble because of the separation of the two strands. The unzipping occurs because of the action of the enzyme helicase on the hydrogen bonds between nucleotides

1. DNA gyrase - is an enzyme that relieves strain while double-strand DNA is being unwound by helicase. It is also known as DNA topoisomerase II. This causes negative supercoiling of the DNA.
ii. At each end of the bubble there is a replication fork and provides the two parental DNA strands that are templates necessary to produce the daughter DNA molecules by semiconservative replication. 

iii. The bubble enlarges in both directions so the process is bidirectional. 

iv. Primase produces and adds a primer at the replication fork. A primer is a short sequence of RNA (5-10 nucleotides). Primase allows joining of RNA nucleotides that match the exposed DNA bases at the point of replication

v. The enzyme DNA polymerase III then allows the addition of DNA nucleotides in a 5’ to 3’ direction to produce the growing DNA strand
vi. DNA polymerase I removes the primer from the 5’ end and replaces it with DNA nucleotides

1. Occurs in a 5’ to 3’ direction – only adds to free 3’ end
2. Each nucleotide that is added to the elongating DNA chain is deoxynucleoside triphosphate molecule (dNTP)

3. This molecule contains deoxyribose, a nitrogenous base and three phosphate groups. As this molecule is added two phosphates are lost. This provides energy necessary for the chemical bonding of the nucleotides.

4. The addition of (ddNTP) dideoxyribonucleic acid stops DNA replication 
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vii. DNA is composed of two antiparallel  strands
1. leading strand – the strand being produced relatively fast and continuously  -- continuous synthesis 
2. lagging strand – the new strand that forms more slowly – discontinuous synthesis
viii. Continuous synthesis (leading strand) = see process steps above. Is replicated towards the replication fork in a 5’ to 3’ direction. 
ix. Discontinuous synthesis (lagging strand) = Is replicated away from the replication fork in way of fragments in a 5’ to 3’ direction
1. These fragments of the lagging strand are called Okazaki fragments
2. Once the Okazaki fragments are assembled DNA ligase attaches the sugar-phosphate backbones of the fragments to form a single DNA strand



d. DNA sequencing 

i. Frederick Sanger developed the first sequencing procedure in the 1970’s. It used fragments of DNA copied through a process called PCR (polymerase chain reaction). 

ii. PCR allows large numbers of copies to be made of a DNA fragment. These copies are denatured to separate them into single strands and heating them in a solution. 
iii. Process:

1. Single-stranded fragments are placed in four different tubes. All tubes contain primers, Taq DNA polymerases to begin DNA replication and nucleotides. 

2. Each tube contains a special nucleotides called dideoxynucleic acid, derived from ddNTP. This nucleotide after the addition of DNA polymerase prevents any further nucleotide addition to the chain. 

3. Synthesis of each new DNA strand then begins at the three-prime end of the primer and continues until a dideoxynucleotide is added.

4. DNA from each tube is placed in a separate lane of an electrophoresis gel and is separated by electrophoresis. 
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III. Central Dogma of Molecular Biology  


a. DNA ((transcription) RNA ( (translation) proteins

b. Transcription

i.    Formation of an RNA strand complementary to the DNA strand using RNA polymerase
ii. DNA into RNA : 5’ to 3’ direction
iii. The DNA strand that carries the genetic code is called the sense strand (coding strand)
a. Has the same sequence as the newly transcribed RNA except for thymine in place of uracil 

iv. The other strand is called the antisense strand (template strand)

a. This strand is copied during transcription

v. The sections (regions) of DNA involved in transcription are:  promoter ( transcription unit ( terminator

vi. Process of Transcription: 
1. RNA polymerase separates the two DNA strands (helicase is not used)
a. The back of RNA polymerase rewinds the DNA strand

b. The front of RNA polymerase opens the DNA strands
2. RNA polymerase combines with a region on the DNA strand called a promoter
a. The promoter region for a particular gene determines which DNA strand is antisense strand

b. The promoter region is a short sequence of bases that is not transcribed

c. Once RNA polymerase has attached to the promoter region for a gene, the process begins

3. DNA opens & a transcription bubble occurs

a. This bubble contains the antisense DNA strand, the RNA polymerase, & the growing RNA transcript
4. This bubble (with RNA polymerase) moves from the DNA promoter region towards the terminator (this facilitates transcription)
5. RNA polymerase adds nucleoside triphosphates to the enlarging mRNA molecule. 

a. As the triphosphates are added two phosphates are released thus producing RNA nucleotides. 

b. The RNA chain starts to grow in size moving along the DNA antisense strand (template)
6. A sequence of nucleotides (terminator) that, when transcribed, causes the RNA polymerase to detach from the DNA
i. Transcription will stop & RNA transcript is detached from the DNA

7. The 5’ end of free RNA nucleotides are added to the 3’  end of the RNA molecule being synthesized (this makes mRNA
a. In eukaryotes, transcription continues beyond the terminator for a significant number of nucleotides. (will eventually will be released from DNA strand)

i. Introns also have to be removed to make mature mRNA

ii. Prokaryotes do not have introns
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IV. Translation

a. Process of converting the sequence of nitrogenous bases in mRNA into a sequence of amino acids to create a protein

1. initiation

2. elongation

3. translocation

4. termination

b. Creating a polypeptide chain containing amino acids
i. Amino acids = Basic building block of proteins
ii. Codon: 3 nitrogenous bases on mRNA to code for amino acid
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c. Roles of the various molecules in translation
1. mRNA – contains code from DNA
a. codons – three bases on the mRNA codes for an amino acid
2. tRNA – hold amino acids and delivers them to the ribosome
a. [image: image1.png]


The tRNA has a 5' end and a 3' end like all other nucleic acids (single stranded) 
b. The 3' end of the tRNA is free and has the base sequence CCA – this is the site for amino acid attachment
c. One loop contains an exposed anticodon unique to each type of tRNA
d. anticodons – three bases on the tRNA is complementary to the codon on the mRNA
3. ribosomes 

a. free = makes proteins for cell

b. bounded = makes proteins that will be transported out
c. Structure: includes a large and small subunit composed of rRNA and many proteins

d. Function: Decoding of a strand of mRNA to produce a polypeptide chain occurs in the space between the two subunits

e. In this area, there are binding sites for mRNA and three sites for binding of tRNA

i. A site – holds the tRNA carrying the next amino acid to be added to the polypeptide chain

ii. P site – holds the tRNA carrying the growing polypeptide chain

iii. E site – site from which tRNA that has lost its amino acid is discharged
[image: image12.jpg]



d. Process of Translation: 
1. Initiation is when mRNA attaches to ribosome and the start codon is found on the mRNA to start the process of protein synthesis 
a. The start codon is AUG  and is on the 5'end of all mRNA

i. It is this anticodon that pairs with a specific codon of mRNA 

ii. One of the 20 amino acids binds to the appropriate tRNA based on the anticodon
2. ATP is used to attach the amino acid to the tRNA which is now called an activated amino acid and the tRNA may now deliver the amino acid to the ribosome to produce the polypeptide chain
a. Methionine (MET is the only start) attached to a tRNA because it has an anticodon of UAC combines with an mRNA strand and a small ribosome subunit

3. As the small subunit moves down the mRNA and locates the start codon (AUG) hydrogen bonds form between the initiator tRNA and the start codon (AUG) on the mRNA
a. A large subunit combines with these parts to form the translation initiation complex
4. Elongation is when the tRNA brings amino acids to the mRNA in the order specified by the codons of the mRNA

a. Proteins called elongation factors assist in binding the tRNA to the exposed mRNA codons at the A site
5. The initiator tRNA then moves to the P site where the ribosomes catalyzes the formation of a peptide bond between adjacent amino acids

6. Translocation involves the movement of the tRNA from one site of the mRNA to another (A site ( P site ( E site)
a. Transfers the polypeptide chain to a new tRNA that moves into the now exposed A site

b. The now empty tRNA is transferred to the E site where it is released
c. The ribosomal complex is moving along the mRNA towards the 3' end

7. Termination begins when one of the three stop codons appears at the open A site on the mRNA
8. A protein called a release factor then fills the A site and this frees the polypeptide from the ribosome
9. The ribosomes then separates from the mRNA and splits into two subunits
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