St Mary’s Catholic School
Department Curriculum Planning
Department: Science

Year Group: Year 12 (Biology)

This is the plan for the taught curriculum during achievement period: Term 1 half term 2 (October to December)

	Brief summary of the topic/work being covered during this period	

	Students are taught the following topics 'ATP’, ‘Water’, ‘Inorganic ions’, ‘Nucleic acids and DNA’ and “Cell recognition and the immune system”.
[bookmark: _GoBack]Students are taught the topics so that they can gain a full understanding of the core principles of Biology and enable them to achieve their full potential at A level.


	Prior knowledge needed for this unit/topic from previous teaching

	Concepts Covered in KS4
ATP
Students may know that ATP is produced in respiration and is a store of chemical energy.

Water
Students will be familiar with the chemical formulae and physical properties of water.


Nucleic acids and DNA
Students will be familiar with the components of the DNA polymer, the names of the bases and their complementarity. They will also be familiar with the idea of base sequence coding for the order of amino acids in a protein.


Cell recognition and the immune system
Students will know that phagocytes engulf and digest pathogens and lymphocytes produce antibodies and antitoxins. They may not recognize the terms phagocytes and lymphocytes. They will know that pathogens have antigens on their cell surface, and that antibodies may be complimentary to particular pathogens.


Practical Skills Covered in KS4
· Graph drawing and interpretation skills.
· Use of aseptic techniques to inoculate an agar plate.


	Rationale for students studying this unit/topic 

	ATP
Rationale for studying this topic
This topic builds on the ideas of building molecules studied previously, and is vital for an understanding of respiration, photosynthesis, muscle contraction and active transport studied later in the course.

Rationale for timing of this topic
Students have covered the basics of bonding and how molecules are built. Many areas of biology studied later require an understanding of ATP as described above.

Water
Rationale for studying this topic
Water is a component in most biological reactions and processes, and it is important at this stage to have an overview of the part that water plays, as this will enable students to make links between different parts of the course.

Rationale for timing of this topic
An understanding of the properties of water is important to the understanding of most areas of Biology, including transport, photosynthesis and respiration, all of which are taught later in Y12, and osmoregulation which is taught in Y13.

Inorganic ions
Rationale for studying this topic
An understanding of the properties of ions is important in fully understanding the oxygen dissociation curve, the action potential and the workings of a synapse..

Rationale for timing of this topic
These topics occur later in Y12 and Y13, they always come in as part of a topic and this basic knowledge will help students when they come along  

Nucleic Acids and DNA
 Rationale for studying this topic
This topic builds on the ideas of bonding and polymers, and is essential for the understanding of protein synthesis, inheritance and gene technology.

Rationale for timing of this topic
These topics occur later in Y12 and Y13, students have also covered some aspects of DNA in mitosis. This will allow further building of their schema.

Cell recognition and the immune system
Rationale for studying this topic
This topic builds on KS4 knowledge, and allows students to reinforce many aspects of cell structure.

Rationale for timing of this topic
This topic comes after cell structure and proteins, which are both vital for its understanding.



	Key concepts/ideas that are taught to students in this unit/topic, including any anticipated gaps in knowledge and plan to overcome these

	ATP
A single molecule of adenosine triphosphate (ATP) is a nucleotide derivative and is formed from a molecule of ribose, a molecule of adenine and three phosphate groups. 
Hydrolysis of ATP to adenosine diphosphate (ADP) and an inorganic phosphate group (Pi) is catalysed by the enzyme ATP hydrolase. 
· The hydrolysis of ATP can be coupled to energy-requiring reactions within cells. 
· The inorganic phosphate released during the hydrolysis of ATP can be used to phosphorylate other compounds, often making them more reactive. 
ATP is resynthesised by the condensation of ADP and Pi. This reaction is catalysed by the enzyme ATP synthase during photosynthesis, or during respiration.

Anticipated Gaps
· It should be assumed that most students will not have encountered ATP before.
· The specific action of ATP is covered where it occurs throughout the course, and is probably best explained in context at these points.
· At this point students need to be familiar with ATP structure and the importance of ATPase.


Water
Water is a major component of cells. It has several properties that are important in biology. In particular, water: 
· is a metabolite in many metabolic reactions, including condensation and hydrolysis reactions 
· is an important solvent in which metabolic reactions occur 
· has a relatively high heat capacity, buffering changes in temperature 
· has a relatively large latent heat of vaporisation, providing a cooling effect with little loss of water through evaporation 
· has strong cohesion between water molecules; this supports columns of water in the tube-like transport cells of plants and produces surface tension where water meets air. 

Anticipated Gaps
· Students will not have come across the idea of polar molecules, and this needs to be explained carefully before they can appreciate SHC, LHofV and cohesion tension theory.
· Cohesion tension theory is best explained in the context of plant transport later in the course.
· Students will not come across the ideas of SHC and LHofV again during the course and this needs to be explained here. 






Inorganic ions
Inorganic ions occur in solution in the cytoplasm and body fluids of organisms, some in high concentrations and others in very low concentrations. 
Each type of ion has a specific role, depending on its properties. 
Students should be able to recognise the role of ions in the following topics: hydrogen ions and pH; iron ions as a component of haemoglobin; sodium ions in the co-transport of glucose and amino acids; and phosphate ions as components of DNA and of ATP.

Anticipated Gaps
· All the ions mentioned above are dealt with specifically in separate parts of the course. Teaching these in this context will be more effective.
· At this point students should be informed which ions they will cover later and what an ion is.

Nucleic acids and DNA
Deoxyribonucleic acid (DNA) and ribonucleic acid (RNA) are important information-carrying molecules. In all living cells, DNA holds genetic information and RNA transfers genetic information from DNA to the ribosomes. 
Ribosomes are formed from RNA and proteins. 
Both DNA and RNA are polymers of nucleotides. Each nucleotide is formed from a pentose, a nitrogen-containing organic base and a phosphate group: 

· The components of a DNA nucleotide are deoxyribose, a phosphate group and one of the organic bases adenine, cytosine, guanine or thymine. 
· The components of an RNA nucleotide are ribose, a phosphate group and one of the organic bases adenine, cytosine, guanine or uracil. 
· A condensation reaction between two nucleotides forms a phosphodiester bond. 

A DNA molecule is a double helix with two polynucleotide chains held together by hydrogen bonds between specific complementary base pairs. 
An RNA molecule is a relatively short polynucleotide chain. 
Students should be able to appreciate that the relative simplicity of DNA led many scientists to doubt that it carried the genetic code. 

The semi-conservative replication of DNA ensures genetic continuity between generations of cells. 
The process of semi-conservative replication of DNA in terms of: 
· unwinding of the double helix 
· breakage of hydrogen bonds between complementary bases in the polynucleotide strands 
· the role of DNA helicase in unwinding DNA and breaking its hydrogen bonds 
· attraction of new DNA nucleotides to exposed bases on template strands and base pairing 
· the role of DNA polymerase in the condensation reaction that joins adjacent nucleotides. 

Students should be able to evaluate the work of scientists in validating the Watson–Crick model of DNA replication.
 
Anticipated Gaps
· Students will not have encountered RNA previously.
· Students need to be familiar with the use of enzymes in DNA replication. Use of animations to illustrate this process will be helpful. Also a summary of the action of each enzyme involved.

Cell recognition and the immune system
 
Each type of cell has specific molecules on its surface that identify it. These molecules include proteins and enable the immune system to identify: 
· pathogens 
· cells from other organisms of the same species 
· abnormal body cells 
· toxins. 

Definition of antigen. The effect of antigen variability on disease and disease prevention. 
Phagocytosis of pathogens. The subsequent destruction of ingested pathogens by lysozymes. 
The response of T lymphocytes to a foreign antigen (the cellular response). 
· The role of antigen-presenting cells in the cellular response. 
· The role of helper T cells (TH cells) in stimulating cytotoxic T cells (TC cells), B cells and phagocytes. The role of other T cells is not required. 

The response of B lymphocytes to a foreign antigen, clonal selection and the release of monoclonal antibodies (the humoral response). 
· Definition of antibody. 
· Antibody structure. 
· The formation of an antigen-antibody complex, leading to the destruction of the antigen, limited to agglutination and phagocytosis of bacterial cells. 
· The roles of plasma cells and of memory cells in producing primary and secondary immune responses. 

The use of vaccines to provide protection for individuals and populations against disease. The concept of herd immunity. 
The differences between active and passive immunity.
Structure of the human immunodeficiency virus (HIV) and its replication in helper T cells. 
How HIV causes the symptoms of AIDS. Why antibiotics are ineffective against viruses. 
The use of monoclonal antibodies in: 
· targeting medication to specific cell types by attaching a therapeutic drug to an antibody 
· medical diagnosis. 

Details of the commercial or scientific production of monoclonal antibodies are not required. 
Ethical issues associated with the use of vaccines and monoclonal antibodies. 
The use of antibodies in the ELISA test. 
Students should be able to: 
· discuss ethical issues associated with the use of vaccines and monoclonal antibodies 
· evaluate methodology, evidence and data relating to the use of vaccines and monoclonal antibodies.



Anticipated Gaps
· Students may not be familiar with the terms phagocytes and lymphocytes.
· Students will not have encountered antibody structure previously.
· Students often find sequencing the stages of the immune response difficult. Use of animations and sequencing activities will be useful.
· Students often find describing the ELISA test difficult. Using different examples will help clarify the principles involved and build confidence.
· Models and knowledge organisers are great for a review and to make connections once most of the immunity section has been done




	New key terminology students will be taught during this topic/unit

	Nucleic Acids
	70
	DNA
	Deoxyribonucleic acid which is present in nearly all living organisms as the carrier of genetic information. A double helix made up of two polynucleotide chains, running antiparallel to each other, with the sugar-phosphate backbone on the outside and organic bases bonded together by Hydrogen bonds in the centre of the helix. The nucleotides have a deoxyribose sugar and the bases adenine, thymine, guanine or cytosine.

	71
	Nucleotide
	Complex chemicals made up of an organic base, a sugar and a phosphate. They are the basic units of which the nucleic acids DNA and RNA are made.

	72
	Polynucleotide
	A polymer of monomers called nucleotides.

	73
	Phosphodiester bond
	The bond formed by a condensation reaction between the phosphate group of one nucleotide and the pentose sugar of another nucleotide.

	74
	Organic base
	Part of a nucleotide - either adenine, thymine, cytosine, guanine or uracil. 

	75
	RNA
	A polynucleotide which contains nucleotides that have the pentose sugar ribose rather than deoxyribose and contains the bases adenine, uracil, guanine or cytosine. Can be either mRNA, tRNA or rRNA.

	76
	Complimentary base pairing
	Specific rules for how the bases pair together. Adenine pairs with thymine with 2 hydrogen bonds. Guanine binds with cytosine with 3 hydrogen bonds. 

	77
	Double helix
	Structure of DNA made up of 2 strands of nucleotides running in opposite directions. 

	78
	Semiconservative replication
	The process in which the double helix of a DNA molecule unwinds and each strand acts as a template on which a new strand is constructed.

	79
	DNA helicase
	Enzyme that acts on a specific region of the DNA molecule to break the hydrogen bonds between the bases causing the two strands to separate and expose the nucleotide bases in that region 

	80
	DNA polymerase
	Enzyme that joins DNA nucleotides together in a condensation reaction (forming phosphodiester bonds) during DNA replication.  

	81
	ATP (Adenosine triphosphate)
	An activated nucleotide found in all living organisms, which is produced during respiration and acts as an energy carrier. The hydrolysis of ATP (catalyzed by ATP hydrolase)  leads to the formation of adenosine diphosphate (ADP) and inorganic phosphate, with the release of energy.

	82
	ADP
	A nucleotide which combines in a condensation reaction, catalysed by ATP synthase, with a phosphate molecule to form ATP. 

	83
	ATP Synthase
	An enzyme which catalyses the formation of ATP.

	84
	ATP Hydrolase
	An enzyme which catalyses the hydrolysis of ATP.

	85
	Polymerases
	Group of enzymes that catalyse the formation of polymers from monomers 


 
Water & Inorganic Ions
	86
	Specific heat capacity
	The amount of energy needed to change the temperature of 1kg of the substance by 1℃.

	87
	Latent heat of Vaporisation
	The heat energy needed to change the substance from a liquid at its boiling point into gas at the same temperature.    

	88
	Cohesion
	Attraction between molecules of the same type. It is important in the movement of water up a plant.

	89
	Surface tension
	The tension of the surface film of a liquid caused by the attraction of the particles in the surface layer by the bulk of the liquid. 

	90
	Solvent
	The liquid in which a solute is dissolved to form a solution.

	91
	Inorganic ions
	Formed when an element or compound, that does not contain carbon, gains or looses electrons to become negatively or positively charged, for example: hydrogen ions, phosphate ions, iron ions and sodium ions.  

	92
	Transparent
	A material that allows light to pass through so that objects behind can be distinctly seen. 



Cell Membrane
	51
	Plasma Membrane
	Membranes consisting of a phospholipid bilayer found around and within all cells. The cell-surface membrane is the plasma membrane that surrounds cells. 

	52
	Phospholipid
	Triglyceride in which one of the three fatty acid molecules is replaced by a phosphate molecule. Phospholipids are important in the structure an functioning of plasma membranes.

	53
	Bilayer
	A membrane consisting of two layers of phospholipids. 

	54
	Protein Channel
	A protein completely spanning the phospholipid bilayer which form water-filled tubes to allow water-soluble ions to diffuse across the membrane.

	55
	Carrier Protein
	A protein completely spanning the phospholipid bilayer which bind to ions or molecules then change shape in order to move these molecules across the membrane.

	56
	Glycoprotein
	Carbohydrate chains attached to a protein (often extrinsic) which are part of the cell surface membrane. They act as recognition sites, help cells to attach to one another and allows cells to recognise one another. 

	57
	Glycolipid
	A carbohydrate covalently bonded with a lipid. They act as recognition sites, help maintain stability of the membrane and help cells attach to one another.

	58
	Cholesterol
	Lipid that is an important component of cell-surface membranes because it adds strength. Excess in the blood can lead to atheroma.

	59
	Permeability
	How permeable a substance is depends on the size, polarity and charge of the molecule. If it is small, non-polar and fat soluble it is very permeable and can pass through the cell membrane.

	60
	Fluid mosaic model
	The arrangement of the various molecules of the cell-surface membrane. Fluid because the individual phospholipid molecules can move relative to one another and mosaic because the proteins vary in shape, size and pattern.

	61
	Diffusion
	The net movement of molecules (or ions) from a region of high concentration to a region of low concentration. It is passive. 

	62
	Facilitated diffusion
	Diffusion involving the presence of protein carrier molecules to allow the passive movement of substances (normally large, polar or charged molecules) across plasma membrane.

	63
	Osmosis
	The passage of water from a region where there is a higher water potential to a region where there is a lower water potential through a partially permeable membrane.

	64
	Water potential
	The pressure created by water molecules. It is the measure of the extent to which a solution gives out water. The greater the number of water molecules present, the higher (less negative) the water potential. Pure water has a water potential of zero.

	65
	Isotonic
	A solution which has the same water potential as the cell within it. 

	66
	Active transport
	Movement of a substance from a region where it is in a low concentration to a region where it is in a high concentration. The process requires the expenditure of metabolic energy in the form of ATP. 

	67
	Co-transport
	The transport of one substance coupled with the transport of another substance across a plasma membrane in the same direction through the same protein carrier.


 
Immune System
	68
	Pathogen
	A microorganism that causes disease

	69
	Self
	The body’s own cells and molecules.

	70
	Foreign (non-self)
	Not your own body’s cells and molecules.

	71
	Antigen
	A molecule that triggers an immune response by lymphocytes.

	72
	Lymphocyte
	Type of white blood cell responsible for the immune response. They become activated in the presence of antigens. There are two types: B lymphocytes and T lymphocytes. 

	73
	Phagocyte
	Type of white blood cell which carries out a non-specific immune response and ingests and breaks down pathogens by phagocytosis.

	74
	Phagocytosis
	Mechanism by which phagocytes engulf particles to form a vesicle or a vacuole. 

	75
	Lysosome
	Contain enzymes called lysozymes which they release into the phagosome which hydrolyse the bacterium.

	76
	Phagosome
	A vesicle formed as the bacterium is engulfed by the phagocyte. The lysosome release their lysozymes into the phagosome.

	77
	Antigen-presentation
	When an antigen-presenting cell e.g. phagocyte displays foreign antigens on their own cell-surface membrane. 

	78
	Cell-mediated immunity
	The type of response when T lymphocytes respond to antigens that are presented on a body cell. 

	79
	T Cells
	Cells which mature in the thymus and are associated with cell-mediated immunity. 

	80
	Clonal Selection
	As the receptor on a helper T cell attaches to the antigen this activates the T cell to divide rapidly by mitosis and form a clone of genetically identical cells. These cloned T cells stimulate B cells to divide and form a clone of identical B cells all of which produce the antibody that is specific to the foreign antigen.

	81
	TH cells (helper T cell)
	Contain receptors which respond to a single antigen. Many different types of T cell, each one responds to a different antigen. 

	82
	TC cells (cytotoxic T cells)
	Kill abnormal cells and body cells that are infected by pathogens by producing a protein called perforin which makes holes in the cell-surface membrane. 

	83
	Humoral Immunity
	The type of response which involves B lymphocytes and antibodies.

	84
	B Cells
	Each type of B cell produces a specific antibody that responds to one specific antigen. 

	85
	Plasma B Cells
	When the B cell is activated to divide by mitosis it gives a clone of plasma cells which produce and secrete the specific antibody that exactly fits the antigen on the pathogen’s surface.

	86
	Antibody
	A protein with specific binding sites produced by B cells in response to the presence of appropriate antigen.

	87
	Memory B Cells
	Some B cells develop into memory cells which can respond to future infections by the same pathogen by dividing rapidly and developing into plasma cells that produce antibodies as part of the secondary response. 

	88
	Monoclonal antibodies
	Antibodies produced by a single clone of cells. 

	89
	Primary Response
	Caused by initial response to the antigen which involves the production of antibodies and memory cells.

	90
	Secondary response
	Caused by second exposure to the antigen. Memory cells are responsible for this response – they divide rapidly and develop into plasma cells (which secrete many antibodies quickly) and more memory cells.

	91
	Passive immunity
	Resistance to disease that is acquired from the introduction of antibodies from another individual, rather than an individual’s own immune system e.g. across the placenta or in the mother’s milk. It is usually short lived.

	92
	Active immunity
	Resistance to disease resulting from the activities of an individual’s own immune system whereby an antigen induces plasma cells to produce antibodies.

	93
	Natural immunity
	A type of active immunity resulting from an individual becoming infected with a disease under normal circumstances.

	94
	Artificial immunity
	A type of active immunity resulting from vaccination. It involves inducing an immune response in an individual without them suffering symptoms of the disease.

	95
	Vaccination
	The introduction of a vaccine containing appropriate disease antigens into the body, by injection or mouth, in order to induce artificial immunity.

	96
	Herd immunity
	Arises when a sufficiently large proportion of the population has been vaccinated which makes it difficult for a pathogen to spread within that population.

	97
	Antigenic variability
	Pathogen may mutate frequently so that its antigens change suddenly rather than gradually which means vaccines become ineffective because the new antigens on the pathogen are no longer recognized by the immune system. 

	98
	HIV
	Human immunodeficiency virus which causes the disease acquired immune deficiency syndrome (AIDS). It has a lipid envelope, attachment proteins, a capsid and two single strands or RNA and enzymes.

	99
	Reverse transcriptase
	An enzyme in HIV which enables the production of DNA from RNA. 

	100
	Retrovirus
	A group of viruses which have the ability to make DNA from RNA because they have reverse transcriptase.

	101
	mRNA
	A single stranded polynucleotide found in HIV.

	102
	AIDS
	The disease caused by HIV. 

	103
	ELISA test
	Enzyme linked immunosorbent assay which uses antibodies to detect the presence and quantity of a protein in a sample. 

	104
	Antibiotic
	A substance produced by living organisms that can destroy or inhibit the growth of microorganisms







	Plan for Assessment 

	All A level assessments are constructed using real exam styles questions, from the latest specification. Papers include a variety of assessment objectives and styles of questions. Initially assessments will cover fewer types of questions due to the smaller amount content covered. However, in Year 13 and in mock exams all assessment objectives and question styles are covered. Students will sit end of topic assessments in class; however mocks will be based on the realistic times and demands of the exams. Students will also be assessed on homework, class work and independent work as well.






