CFE AH unit 1 Cells and Proteins

AH unit 1 Learning intentions and Success criteria
2a) Proteomics
Learning intention
To gain an insight into the reasons for the complexity of the proteome
	Success criteria
	R
	A
	G

	I can define proteome
	
	
	

	I can explain why the proteome is larger than the genome by referring to RNA splicing and post translational modification
	
	
	

	I can explain why not all genes are expressed as proteins in a particular cell 
	
	
	

	I can explain the limitations of DNA sequencing and microarray technology for giving information about the proteome
	
	
	


2b) Protein structure, binding and conformational change
Learning intention
To find out how amino acid sequence determines protein structure
	Success criteria
	R
	A
	G

	I can draw the general structure of an amino acid, and identify the ( carbon, the amino group and the carboxyl group
	
	
	

	I can identify amino acids that are polar, non-polar, acidic (negative) and basic (positive) by looking at their R groups
	
	
	

	I can describe the formation of peptide bonds in terms of a dehydration reaction
	
	
	

	I can describe the primary structure of proteins as a sequence of amino acids joined by peptide bonds
	
	
	

	I can define the secondary structure of a protein as areas of folding caused by hydrogen bonding along the peptide ‘backbone’ of the protein
	
	
	

	I can describe the following secondary structures: alpha helices, parallel or anti-parallel beta sheets, or turns.
	
	
	

	I can define the tertiary structure of a protein as folding into a three dimensional conformation caused by charge effect (between R groups)
	
	
	

	I can describe the interactions which occur between R groups  (hydrophobic regions, ionic bonds, hydrogen bonds, van der Waals and disulfide bridges)
	
	
	

	I can give examples of how added (non-protein) prosthetic groups give added function to a protein
	
	
	

	I can define tertiary structure and explain why it only exists in some proteins
	
	
	

	I can give examples of the interactions that hold separate polypeptide subunits together
	
	
	

	I can explain why a change in temperature will change the conformation of a protein
	
	
	

	I can explain why a change in pH will change the conformation of a protein
	
	
	


Learning intention

To find out how hydrophobic and hydrophilic interactions influence the location of cellular proteins
	Success criteria
	R
	A
	G

	I can state that R groups exposed on the surface of a protein will interact with its environment
	
	
	

	I can explain why soluble proteins in the cytoplasm have hydrophilic R groups on their surface
	
	
	

	I can explain how the clustering of hydrophobic R groups in the centre of soluble proteins can result in a globular structure
	
	
	

	I can identify the hydrophobic and hydrophilic regions in the fluid mosaic model of membrane structure
	
	
	

	I can describe the position of integral and peripheral membrane proteins 
	
	
	

	I can describe how hydrophobic interactions between R groups on the surface of a protein hold the protein within the phospholipid bilayer
	
	
	

	I can give examples of integral transmembrane proteins and state their functions
	
	
	

	I can state that peripheral proteins have fewer hydrophobic R groups interacting with the phospholipids
	
	
	


Learning intention
To find out about the role of R groups in ligand binding

	Success criteria
	R
	A
	G

	I can define a ligand
	
	
	

	I can give examples of the importance of ligand binding in the function of some proteins
	
	
	

	I can describe how R groups (not involved in protein folding) are involved in ligand binding
	
	
	

	I can state that binding sites have complementary shape and chemistry to the ligand
	
	
	

	I can describe the interaction between DNA and histone proteins in the formation of nucleosomes during the packaging of DNA in eukaryotes
	
	
	

	I can explain the importance of proteins that bind to specific sequences of DNA in order to stimulate or inhibit transcription( for control of gene expression)
	
	
	


Learning intention

To find out about the importance of conformational changes caused by ligand binding for enzyme action and the transport of oxygen by haemoglobin

	Success criteria
	R
	A
	G

	I can state that ligand binding causes a conformational change in a protein
	
	
	

	I can state that this conformational change causes a functional change in the protein
	
	
	

	I can describe the induced fit theory of enzyme activity to include the conformational changes involved in binding , catalysis and release of product
	
	
	

	I can explain how a conformational change in an enzyme during the binding of a substrate results in the lowering of activation energy
	
	
	

	I can state that once catalysis is complete the original conformation is resumed and products are released
	
	
	

	I can explain how the binding of modulators  to secondary sites on allosteric enzymes is used to control enzyme activity
	
	
	

	I can describe the effects of positive and negative modulators on enzyme activity
	
	
	

	I can define cooperativity in regard to the binding of ligands to proteins with quaternary structure
	
	
	

	I can describe the binding of oxygen to the four subunits of haemoglobin as an example of cooperativity
	
	
	

	I can use the idea of cooperativity to explain association/ dissociation curves for the binding of oxygen to haemoglobin
	
	
	

	I can describe the effect of changes in pH and temperature on the binding and release of oxygen in haemoglobin
	
	
	


Learning intention
To find out how reversible binding of phosphate groups cause conformational changes  that control the activity of proteins such as enzymes and receptors
	Success criteria
	R
	A
	G

	I can state that the addition or removal of phosphate from R groups is a common form of post translational modification of proteins 
	
	
	

	I can describe how the addition or removal of a phosphate can cause a reversible conformational change in proteins
	
	
	

	I can explain the regulatory role of this phosphorylation / dephosphorylation for many cellular proteins such as enzymes and receptors
	
	
	

	I can describe the role of kinase and phosphatase in the addition and  removal of phosphate from many other proteins
	
	
	

	I can state that proteins which use ATP for phosphorylation are called ATPases
	
	
	

	I can describe how the phosphorylation of myosin by ATP and it’s interaction with actin results in muscle contraction
	
	
	


2 (c) Membrane proteins.
Learning intention
To find out about the role of proteins in the transport of molecules across the membrane
	Success criteria
	R
	A
	G

	I can state that the phospholipid bilayer acts as a barrier to the movement of charged ions and most uncharged polar molecules
	
	
	

	I can describe how transmembrane proteins (channels or transporters) control ion concentrations and concentration gradients
	
	
	

	I can explain why different cell types and different cell compartments have different channel and transporter proteins
	
	
	

	I can state that the movement of molecules through channel proteins is passive and name an example of a channel protein
	
	
	

	I can explain how diffusion is controlled in gated channels, ligand gated channels and voltage gated channels
	
	
	

	I can explain the difference between substrate transport by facilitated  and active transport (by referring to direction of movement and energy requirement)
	
	
	

	I can explain the importance of conformational change for facilitated transport and can name an example
	
	
	

	I can state that the conformational change in active transport requires energy from the hydrolysis of ATP 
	
	
	


Learning intention

To find out about signal transduction and it’s possible results in a cell
	Success criteria
	R
	A
	G

	I can define’ signal transduction’
	
	
	

	I can describe how cell surface receptor proteins connect an extracellular signal to intracellular responses through a signal transduction pathway
	
	
	

	I can describe the possible results of signal transduction to include
- enzyme activation

- G protein activation

- a change in secretion or uptake of molecules

- rearrangement of the cytoskeleton

- activation of proteins that regulate gene expression
	
	
	


Learning intention

To find out about the functioning of the sodium potassium pump and it’s importance.

	Success criteria
	R
	A
	G

	I can describe the action of the sodium potassium pump in terms of the movement of K+ and Na+ ions into and out of cells
	
	
	

	I can describe in detail the conformational changes due to phosphorylation by ATP and  dephorphorylation of the sodium potassium pump 
	
	
	

	I can describe the affinity of the sodium potassium pump for K+ and Na+ in each conformation
	
	
	

	I can give at least two examples of important functions of the sodium potassium pump in animals
	
	
	


Learning intention

To find out about the role of ion channels in nerve transmission

	Success criteria
	R
	A
	G

	I can describe how active transport results in a charge differences across the plasma membrane of neurones known as the resting potential
	
	
	

	I can state that nerve transmission is a wave of depolarisation of this resting potential
	
	
	

	I can describe how the binding of neurotransmitter to ligand gated ion channels causes Na+ ions to enter the cell causing localised depolarisation
	
	
	

	I can describe how this change in polarity, if sufficient, will cause voltage gated ion channels to open setting up a wave of depolarisation
	
	
	

	I can describe how closing of the channels and opening of others which allow movement of ions in the opposite direction restores the resting potential
	
	
	

	I can interpret graphs showing the changes in potential during transmission of a nerve impulse
	
	
	


(d) Detecting and amplifying an environmental stimulus
Learning intention
To find out about the role of photoreceptor protein systems in archaea, plants and animals
	Success criteria
	R
	A
	G

	I can state that  photoreceptor protein systems are present in archaea, bacteria and eukaryotes
	
	
	

	I can describe the role of bacteriorhodopsin in archaea and photosynthetic pigments in plants in absorbing light to pump protons across the membrane
	
	
	

	In both cases I can describe how this generation of potential differences results in the synthesis of ATP by ATP synthase
	
	
	

	I can state that in animals the light sensitive molecule retinal is combined with a membrane protein opsin in rod and cone cells in the retina
	
	
	

	I can describe how these opsins are G –protein linked receptors which result in a cascade of proteins which amplify the signal  within the cells
	
	
	

	I can state that in cone cells different opsins give sensitivity to specific wavelengths of light
	
	
	

	I can state that the photoreceptor in rod cells is called rhodopsin 
	
	
	

	I can explain how rhodopsin absorbs a wider range of wavelengths and gives greater sensitivity at low light intensities through greater amplification
	
	
	

	I can explain the importance of a light induced conformational change in retinal in triggering this cascade of events
	
	
	

	I can state that if the cascade of events triggered is sufficient a nerve impulse is generated
	
	
	


(e) Communication within multicellular organisms
Learning intentions

To find out about the importance of extracellular signalling molecules for co-ordination in multicellular organisms
	Success criteria
	R
	A
	G

	I can state that multicellular organisms achieve co-ordination through extracellular signalling molecules, receptors and responses.
	
	
	

	I can describe a receptor molecule as a protein with a binding site for a signal molecule
	
	
	

	I can describe how the binding of a signalling molecule produces a change of conformation in the receptor protein which alters the response of the cell
	
	
	

	I can state that different cell types produce specific signals which can only be detected and responded to by cells with the specific receptor.
	
	
	

	I can state that different cells may show different responses to the same signal (ie tissue specific)
	
	
	


Learning intention

To find out about the role of hydrophobic signals in the control of transcription

	Success criteria
	R
	A
	G

	I can state that hydrophobic signalling molecules include the thyroid hormone thyroxine and steroid hormones (e.g. sex hormones)
	
	
	

	I can state that hydrophobic signals can pass through membranes so their receptors can be within the nucleus
	
	
	

	I can state that hydrophobic signals can directly influence the transcription of genes
	
	
	

	I can explain how the thyroid hormone thyroxine controls metabolic rate through control of the transcription of the gene for Na/K ATPase
	
	
	

	I can describe the change in the conformation and binding to DNA of the thyroid hormone receptor protein in the presence and absence of thyroxine
	
	
	

	I can describe how steroid hormones activate transcription by binding to receptor proteins which act as transcription factors 
	
	
	


Learning intention

To find out about the role of hydrophilic  signals, for example in the control of blood sugar and water balance
	Success criteria
	R
	A
	G

	I can state that hydrophilic signalling molecules include peptide hormones and neurotransmitters.
	
	
	

	I can explain why hydrophilic signals require receptor molecules to be at the surface of the cell.
	
	
	

	I can state that the signal molecule does not enter the cell but the signal is transduced across the membrane of the cell.
	
	
	

	I can describe how transmembrane receptors change conformation when the ligand binds outside the cell.
	
	
	

	I can state that transduced hydrophilic signals often involve cascades of G-proteins or phosphorylation by kinase enzymes
	
	
	

	I can describe the cascade of events that follow the binding of the peptide hormone insulin to it’s receptors on the cell membrane of fat and muscle cells
	
	
	

	I can explain how this cascade results in a lowering of blood glucose levels by referring to the action of the GLUT4 glucose transporter
	
	
	

	I can describe the cause of type 1 diabetes in terms of the failure to produce  insulin
	
	
	

	I can describe the cause of type 2 diabetes in terms of a loss of receptor function and it’s association with obesity
	
	
	

	I can explain how exercise improves the uptake of glucose to fat and muscle cells by triggering recruitment of GLUT4 in patients with type 2 diabetes
	
	
	

	I can state that binding of the peptide hormone ADH to its receptor in collecting duct of kidney triggers recruitment of channel protein aquaporin 2 (AQP2)
	
	
	

	I can describe how aquaporins provide a highly efficient route for water to move across membranes thus allowing control of water balance in terrestrial vertebrates.
	
	
	

	I can describe the cause of diabetes insipidus in terms of a failure to produce ADH or insensitivity of its receptor.
	
	
	


(f) Protein control of cell division.

Learning intention
To find out about the cytoskeleton and the role of microtubules in cell division

	Success criteria
	R
	A
	G

	I can describe the structure and function of the cytoskeleton in eukaryotic cells to include microtubules, intermediate filaments and  microfilaments
	
	
	

	I can describe in detail the structure of microtubules including their ability to assemble and disassemble  and their role within eukaryotic cells
	
	
	

	I can state that microtubules originate from the centrosome (MTOC) and form the spindle fibres active during cell division
	
	
	


Learning intention

To find out about the cell cycle
	Success criteria
	R
	A
	G

	I can state that the cell cycle consists of interphase (G1,S and G2) and mitosis.
	
	
	

	I can describe and sequence the stages of mitosis as prophase, metaphase, anaphase and telophase followed by cytokinesis.
	
	
	

	I can describe the role of the spindle fibres in mitosis
	
	
	

	I can explain how changes to the cell cycle can result in degenerative disease or tumour formation
	
	
	


Learning intentions

To find out how the cell cycle is controlled at checkpoints
	Success criteria
	R
	A
	G

	I can state that checkpoints occur at G1, G2 and metaphase, and are critical control points where stop and go ahead signals regulate the cycle .
	
	
	

	I can state that if a go ahead signal is not reached at the G1 checkpoint the cell switches to a non-dividing sate called the G0 phase
	
	
	

	I can describe the formation of  the regulatory protein molecules cyclin-dependent kinases (Cdk’s) during G1 
	
	
	

	I can describe the role of Cdk’s in the phosphorylation of proteins that stimulate the cell cycle. 
	
	
	

	I can state that  G1 Cdk phosphorylates a transcription factor inhibitor, retinoblastoma (Rb) protein, allowing DNA replication in the S phase
	
	
	

	I can explain the idea of a sufficient threshold of phosphorylation being required for the cell cycle to move on to the next stage
	
	
	

	I can state that DNA damage triggers the activation of proteins including p53 that can stimulate DNA repair, arrest the cell cycle or cause cell death.
	
	
	


Learning intention
To find out about the role of extracellular and intracellular signals in apoptosis 

	Success criteria
	R
	A
	G

	I can define apoptosis and programmed cell death and explain the need for it’s control in a multicellular organism
	
	
	

	I can state that apoptosis is triggered by signals that activate DNAase and proteinases ( collectively known as capases) that destroy the cell
	
	
	

	I can state that cell death signals may originate from  out with the cell (e.g. from lymphocytes) or from within the cell (e.g.p53)
	
	
	

	I can describe how cell death signals that originate from outside the cell trigger cell death through signal transduction pathways.
	
	
	

	I can describe how DNA damage results in the presence of p53 protein which can activate a caspase cascade
	
	
	

	I can state that in the absence of cell growth factors cells may also initiate apoptosis.
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