Topic 3  The Chemistry of Life 
and

Topic 7  Nucleic Acids and Proteins

3.1 Chemical Elements and Water
3.1.1 State that the four most frequently occurring chemical elements in living things are carbon, hydrogen, oxygen and nitrogen.

3.1.2 State that a variety of other elements are needed by living organisms, including sulfur, calcium, iron, phosphorous and sodium.

3.1.3 State one role for each of the elements mentioned in 3.1.2.

· Refer to the roles in plants, animals and prokaryotes.

3.1.4 Draw and label a diagram showing the structure of water molecules to show their polarity and hydrogen bond formation.

3.1.5 Outline the thermal, cohesive and solvent properties of water.

3.1.6 Explain the relationship between the properties of water and its uses in living organisms as a coolant, medium for metabolic reactions and transport medium.

· Limit the properties to those outlined in 3.1.5.

3.2 Carbohydrates, Lipids and Proteins
3.2.1 Distinguish between organic and inorganic compounds.

· Compounds containing carbon that are found in living organisms (except hydrogen carbonates, carbonates and oxides of carbon) are regarded as organic.

3.2.2 Identify amino acids, glucose, ribose and fatty acids from diagrams showing their structure.

· Specific names of amino acids and fatty acids are not expected.

3.2.3 List three examples each of monosaccharides, disaccharides and polysaccharides.
· The examples used should be:

· glucose, galactose  and fructose

· maltose, lactose and sucrose

· starch, glycogen and cellulose

3.2.4 State one function of glucose, lactose and glycogen in animals, and of fructose, sucrose and cellulose in plants.

3.2.5 Outline the role of condensation and hydrolysis in the relationships between monosaccharides, disaccharides and polysaccharides; between fatty acids, glycerol and triglycerides; and between amino acids and polypeptides.

3.2.6 State three functions of lipids.

· These should include energy storage and thermal insulation.

3.2.7 Compare the use of carbohydrates and lipids in energy storage.

3.3 DNA Structure
3.3.1 Outline DNA nucleotide structure in terms of sugar (deoxyribose), base and phosphate.

· Chemical formulas and the purine/pyrimidine subdivisions are not required.

· Simple shapes can be used to represent the component parts. 

· Only the relative positions are required.

3.3.2 State the names of the four bases in DNA.
3.3.3 Outline how DNA nucleotides are linked together by covalent bonds into a single strand.
· Only the relative positions are required.

                                                                                                                                                                                                                          
3.3.4 Explain how a DNA double helix is formed using complimentary base pairing and hydrogen bonds.

3.3.5 Draw and label a simple diagram of the molecular structure of DNA.

· An extension of the diagram in 3.3.3 is sufficient to show the complementary base pairs of A—T and G—C, held together by hydrogen bonds and the sugar—phosphate backbones.

· The number of hydrogen bonds between pairs and details of purine/pyrimidines is not required.

· Explain the contributions and roles of Chargaff, Franklin and Wilkins and Watson and Crick in the understanding of the structure of DNA.

3.4 DNA Replication

3.4.1 Explain DNA replication in terms of unwinding the double helix and separation of the strands by helicase, followed by the formation of the new complimentary strands by DNA polymerase.

· It is not necessary to mention that there is more than one DNA polymerase.
3.4.2 Explain the significance of complimentary base pairing in the conservation of the base sequence of DNA.
3.4.3 State that DNA replication is semi-conservative.

3.5 Transcription and Translation

3.5.1 Compare the structure of RNA and DNA.
· Limit this to the names of the sugars, bases and the number of strands.

3.5.2 Outline DNA transcription in terms of the formation of an RNA strand complimentary to the DNA strand by RNA polymerase.

3.5.3 Describe the genetic code in terms of codons composed of triplet bases.

3.5.4 Explain the process of translation, leading to polypeptide formation.
· Include the roles of messenger RNA (mRNA), transfer RNA (tRNA), codons, anticodons, ribosomes and amino acids.

3.5.5 Discuss the relationship between one gene and one polypeptide.

· Originally it was assumed that one gene would code for one polypeptide, but many exceptions have been discovered.

· The way in which theories are modified as related evidence accumulates could be discussed, and whether contrary evidence should cause a theory to be discarded immediately if there are exceptions to it.

· Where a theory is suddenly and totally abandoned, to be replaced by a different theory, this is known as a paradigm shift.

3.6 Enzymes

3.6.1 Define enzyme and active site

3.6.2 Explain enzyme and substrate specificity.

· The lock and key model can be used as a basis for the explanation.

· Refer to the three-dimensional structure.

3.6.3 Explain the effects of temperature, pH and substrate concentration on enzyme activity.
3.6.4 Define denaturation.

· Denaturation is a structural change in a protein that results in the loss (usually permanent) of its biological properties.

· Refer only to heat and pH as agents.

3.6.5 Explain the use of lactase in the production of lactose-free milk.

· Production of lactose-free milk is an example of an industrial process depending on biological methods (biotechnology).

· These methods are of huge and increasing economic importance. 

· Development of some techniques benefits particular human populations and not others because of the natural variation in human characteristics.

· Lactose intolerance is found in a high proportion of the human population (for example, in Asia) but more rarely among those of European origin.

· Sometimes a transfer of biotechnology is needed when techniques are developed in one part of the world that are more applicable in another.
7.1   DNA Structure

7.1.1 Describe the structure of DNA, including the antiparallel strands, 3'—5' linkages and hydrogen bonding between purines and pyrimidines.

· Major and minor grooves, direction of the “twist”, alternative B and Z forms, and details of the dimensions are not required.

7.1.2 Outline the structure of nucleosomes.

· Limit this to the fact that a nucleosome consists of DNA wrapped around 8 histone proteins and held together by another histone protein.

7.1.3 State that nucleosomes help to supercoil chromosomes and help to regulate transcription.
7.1.4 Distinguish between unique and single-copy genes and highly repetitive sequences in nuclear DNA.

· Highly repetitive sequences (satellite DNA) constitutes 5-45% of the genome.

· The sequences are typically between 5 and 300 base pairs per repeat, and may be duplicated as many as 105 times per genome.

· Highly repetitive sequences were once classified as “junk DNA”, showing a degree of confidence that it had no role.

7.1.5 State that eukaryotic genes can contain exons and introns.

7.2 DNA Replication

7.2.1 State that DNA replication occurs in a  5 → 3' direction.

· The 5' end of the free DNA nucleotide is added to the 3' end of the chain of nucleotides that is already synthesized.

7.2.2 Explain the process of DNA replication in prokaryotes, including the role of enzymes (helicase, DNA polymerase, RNA primase and DNA ligase), Okazaki fragments and deoxynucleoside triphosphates.

· The explanation of Okazaki fragments in relation to the direction of DNA polymerase III action is required.

· DNA polymerase III adds nucleotides in the 5' → 3' direction.

· DNA polymerase I excises the RNA primers and replaces them with DNA.

7.2.3 State that DNA replication is initiated at many points in eukaryotic chromosomes.

7.3 Transcription

7.3.1 State that transcription is carried out in a 5' → 3' direction.

· The 5' end of the free RNA nucleotide is added to the 3' end of the RNA molecule that is already synthesized.

7.3.2 Distinguish between the sense and antisense strands of DNA.\

· The sense strand (coding strand) has the same base sequence as mRNA with uracil instead of thymine.

· The antisense (template) strand is transcribed.

7.3.3 Explain the process of transcription in prokaryotes, including the role of the promoter region, RNA polymerase, nucleoside triphosphates and the terminator.
· The following details are not required:

· there is more than one type of RNA polymerase;

· features of the promoter region;

· the need for transcription protein factors for RNA polymerase binding;

· TATA boxes (and other repetitive sequences;

· and the exact sequence of the bases that act as terminators.

7.3.4 State that eukaryotic RNA needs the removal of introns to form mature mRNA.

· Further details of the process of post-transcriptional modifications of RNA are not required.

7.4 Translation

7.4.1 Explain that each tRNA molecule is recognized by a tRNA-activating enzyme that binds a specific amino acid to the tRNA, using ATP for energy.

· Each amino acid has a specific tRNA-activating enzyme (the name aminoacyl-tRNA synthetase is not required).

· The shape of tRNA and CCA at the 3' end should be included.

7.4.2 Outline the structure of ribosomes, including protein and RNA composition, large and small subunits, three tRNA binding sites, and mRNA binding sites.

7.4.3 State that translation consists of initiation, elongation, translocation and termination.

7.4.4 State that translation occurs in a 5' → 3' direction.

· During translation, the ribosome moves along the mRNA towards the 3' end

· The start codon is nearer to the 5' end.

7.4.5 Draw and label a diagram showing the structure of a peptide bond between two amino acids.

7.4.6 Explain the process of translation, including ribosomes, polysomes, start codons and stop codons.

· Use of methionine for initiation, details of the T factor and recall of the actual stop codons are not required.

7.4.7 State that free ribosomes synthesize proteins for use primarily within the cell, and that bound ribosomes synthesize proteins primarily for secretion or for lysosomes.

7.5 Proteins
7.5.1 Explain the four levels of protein structure, indicating the significance of each level.

· Quaternary structure may involve the binding of a prosthetic group to form a conjugated protein.

7.5.2 Outline the difference between fibrous and globular proteins, with reference to two examples of each protein type.
7.5.3 Explain the significance of polar and non-polar amino acids.

· Limit this to controlling the position of proteins in membranes, creating hydrophilic channels through membranes and the specificity of active sites in enzymes.

7.5.4 State four functions of proteins, giving a named example of each.
· Membrane proteins should not be included.

7.6 Enzymes

7.6.1 State that metabolic pathways consist of chains and cycles of enzyme-catalyzed reactions.

7.6.2 Describe the induced-fit model.

· This is an extension of the lock-and-key model.

· Its importance in accounting for the ability of some enzymes to bind to several substrates should be mentioned.

· Scientific truths are often pragmatic. We accept them as true because they give us predictive power, that is, they work. The German scientist Emil Fischer introduced the lock-and-key model for enzymes and their substrates in 1890. It was not until 1958 that Daniel Koshland in the United States suggested that the binding of the substrate to the active site caused a conformational  change, hence the induce-fit model. This is an example of one model or theory, accepted for many years, being superseded by another that offers a fuller explanation of the process.
7.6.3 Explain that enzymes lower the activation energy of the chemical reactions that they catalyze.

· Only exothermic reactions should be considered.

· Specific energy values do not need to be recalled.

7.6.4 Explain the difference between competitive and non-competitive inhibition, with reference to one example of each.

· Competitive inhibition is the situation when an inhibiting molecule that is structurally similar to the substrate molecule binds to the active site, preventing substrate binding.

· Limit non-competitive inhibition to an inhibitor binding to an enzyme (not to its active site) that causes a conformational change in its active site, resulting in a decrease of activity.

7.6.5 Explain the control of metabolic pathways by end-product inhibition, including the role of allosteric sites.






