Paper I: Structure and Function of Macromolecules

· the physical methods used to study macromolecules including spectroscopic, NMR, electron microscropy and X-ray diffraction methods. X-ray and NMR methods are taught at a basic level in the second year and at more advanced level later in the course; 

· approaches for studying the kinetic and chemical properties of enzymes and their reactions catalysed. Examples include a study of classical enzyme systems and some less familiar catalysts such as catalytic antibodies and catalytic RNA and the use of site directed mutagenesis to study mechanism; 

· the classification of protein structures and the implications for the evolution and folding properties of properties of proteins; 

· the roles of metal ions in biological macromolecules and the relationship of chemical properties of metals to their biological roles; 

· the special properties of membrane proteins, the challenges they present to present day biochemistry and approaches used to study structure, topology and function; 

· the concept of allosteric control and its role in regulation within the cell; 

· protein/nucleic acid recognition with examples of both protein/DNA and protein/RNA interactions. The structural elements of protein molecules that are frequently used in recognition and the differences in conformation of DNA on binding to different proteins; 

· the structural basis for signal transduction including examples of the heterotrimeric G proteins, protein phosphorylation and dephosphorylation, signalling domains and kinase cascades; 

· the structures of multi-molecular complexes such as viruses and the design principles that govern these assemblies. 

· the use of structural information for structure based drug design and some achievements in this field. 

· Methods used for the expression, purification and characterisation of protein molecules and an understanding of the chemical basis of the methods, a basic understanding of proteomics;

Paper II: Energetics and Metabolic Processes

· Energy transduction by mitochondrial, bacterial and thylakoid membranes. The principles of, and the evidence for, the chemiosmotic theory;

· the different metabolic roles of the principal mammalian cell types and the integration of these roles as, for example, determined by hormones; 

· the different types of non-photosynthetic metabolism found in the bacterial world; 

· the principles of bacterial and plant photosynthesis including the roles of light harvesting complexes; 

· the characteristic principal metabolic activities of plant cells; 

· signalling mechanisms, from stimulus response coupling in higher eukaryotic cells to quorum sensing by prokaryotes; 

· the integrated control of both enzyme activity and synthesis in prokaryotes, as exemplified by glutamine synthetase; 

· General principles for the control of metabolism
Paper III: Molecular Biology and Genetics

· The techniques of molecular biology and molecular genetics and how they are used to analyse biological structure and function; 

· The structure and properties of DNA and chromosomes. How DNA and chromosomes are replicated and how this replication is controlled so that the genome content per cell is maintained over time. The different strategies for building and maintaining chromosomes and for segregating them at cell division. How chromosome replication is integrated into the cell cycle. The nature of the cell cycle and how it is regulated; 

· How the integrity of DNA and chromosomes is maintained. The processes that lead to genetic change. DNA repair and recombination. Genetic flux and mobile DNA; 

· Information transfer: transcription of DNA into RNA and translation of RNA into protein. Control of gene expression at transcriptional and post-transcriptional levels. Techniques for studying gene expression in vivo and in vitro; transcript mapping; reporters' of in vivo gene expression; enhancer-trap' and gene-trap' methods; 

· How proteins interact with nucleic acids and how these interactions lead to their biological effects. The idea and properties of complex nucleoprotein machines' (e.g. ribosomes, spliceosomes, replicosomes). Techniques for studying nucleoprotein interactions: structural studies; footprinting'; gel retardation; 

· How and why genetics is so powerful a tool for analysing biological function. From phenotype to genotype' and from genotype to phenotype'. Transposable element tagging and its exploitation. Manipulating and analysing DNA molecules in vitro. Getting DNA back into cells. Bioinformatics. Site-directed mutagenesis. Genetic complementation. Dominance and genetic interactions (dominant-negative' mutations; external suppressors; multicopy suppression; synthetic lethality' ;two-hybrid' systems); 

· How molecular genetics is being exploited in human medicine, biotechnology and in agriculture.

Paper IV: Cell Biology and Integration of Function
· techniques used to study cellular processes––such as, patch clamping, optical tweezer technology,membrane reconstitution, fluorescent or enzymatic antibodies, positron emission tomography, the selection of mutations, and the genetic engineering of modified organisms.

· how to clone and analyse mutations in genes that affect complex processes such as development or memory;

· the role of membrane receptors, G proteins, and protein kinases in cell signalling;

· the concepts of amplifying and modulating inter- and intracellular signals;

· the biochemistry and cellular physiology of the neuron, skeletal and smooth muscle cells, and sensory neuronal cells such as the retinal rod cell;

· the action of neurotransmitters and their receptors, and their potential as drug targets;

· how internal and external signals are integrated in determining the timing and the extent of cell division––the cell cycle;

· the biochemistry and physiological role of the extracellular matrix.

· how and why cells die (apoptosis) or lose control of division (cancer); 

· cellular and humoral defence mechanisms––how the body responds to foreign material;

· how complex multicellular organisms develop from a single zygotic cell;

· the molecular basis of diseases such as cancer, Alzheimer’s Disease, and schizophrenia,

