[bookmark: _GoBack]“The properties of enzymes and their importance in living organisms” 25 marks
Rules
Need to cover 4-5 topic areas 
Half must be year 12 topics and half must be year 13 topics
After each topic paragraph you must include a sentence that links your theory to the title
After each topic/paragraph you must write a sentence that links it to the next paragraph – so think carefully about the ORDER you put your topics in
Scientific knowledge is out of 16 marks
If include 4-5 topics you get the max 3 marks for relevance
If link topics to tile AND each other you get max 3 marks for relevance
Quality of written communication gets a max of 3 marks
Include a brief intro and brief conclusion



Below are some of the paragraph examples students came up with during our essay tutorial that were in sufficient scientific depth to get the two ticks required to get the four scientific knowledge marks for each topic area. Anything highlighted in red is “beyond the specification” which you need to get the max 25/25







Topic Area Enzymes (AS theory but also counts towards introduction)
Enzymes are globular proteins that act as biological catalysts and increase the rate of reaction by lowering the activation energy. They are folded into a precise 3D structure maintained by hydrogen, ionic and disulphide bonds. They have a groove or depression in their surface called an active site to which a specific, complementary substrate can bind. Once the substrate binds the active site changes shape slightly to fit around the substrate through by induced fit. Once an enzyme binds to its specific substrate it forms an enzyme substrate complex, then an enzyme product complex. The product will then be released from the enzyme active site leaving the enzyme unchanged and able to catalyse a further reaction. Enzymes can catalyse anabolic reactions or catabolic reactions. ATPase is an anabolic enzyme that catalyses the formation of ATP from its substrates ADP + Pi which is important in many biological processes including respiration, photosynthesis and muscle contraction which will all be discussed in this essay

Topic area Muscles (A2)
Muscles contract according to the sliding filament theory. This involves two filaments, actin and myosin. In a relaxed muscle the actin filament has a myosin binding site which is blocked by a protein called tropomyosin. When an action potential is stimulated in a muscle fibre cell this stimulates the release of calcium ions from the sarcoplasmic reticulum into the sarcoplasm. These calcium ions bind to troponin which causes tropomyosin to change shape and uncovers the myosin binding site on the actin filament. The myosin head (with attached ADP) binds to the actin filament forming an actin myosin cross bridge. Once attached the myosin head changes angle, pulling the actin filament along and releasing a molecule of ADP. An ATP molecule then attaches to the myosin head causing the myosin to detach. Calcium ions then activate the enzyme ATPase which hydrolyses ATP to ADP + Pi  which provides the energy to recock the myosin head to its original position so it can bind further along the actin filament. ATP synthase is an enzyme which then catalyses the resynthesis of ATP from ADP + Pi so the muscle contraction cycle can continue. Without enzymes muscle contraction could not occur and animals would be unable to move which would prevent prey escaping from predators or predators catching prey
ATP is required for muscle contraction and is produced during aerobic respiration through a series of enzyme controlled steps
(you could also maybe have covered the role of the enzyme acetylcholinesterase which acts at the neuromuscular junction to break acetylcholine down after it have stimulated an action potential in the muscle fibre after binding to the receptors on the muscle fibre membrane)
Topic Area Aerobic Respiration (A2)
There are four stages in aerobic respiration that result in the production of ATP. Glycolysis is the first stage and occurs in the cytoplasm. Glucose is the starting substrate which must be activated by phosphorylation by enzymes using the Pi from the hydrolysis of ATP (this is also catalysed by enzymes). The phosphorylated glucose is split into 2 triose phosphate molecules which are dehydrogenated using dehydrogenase enzymes which results in the production of reduced NAD and pyruvate. The 2 pyruvate produced from each glucose at the end of glycolysis enter the link reaction where further dehydrogenation reactions result in the formation of more reduced NAD and enzyme controlled decarboxylation reactions result in the production of CO2. The acetyl co enzyme A produced at the end of the link reaction enters the krebs cycle where a series of enzyme controlled reaction result in the further production of reduced coenzymes (NAD & FAD), ATP and CO2. The reduced coenzymes are oxidised and are able to donate their electrons to a series of electron carriers and the energy lost during this transfer is used to pump proteins into the mitochondrial intermembrane space. The diffusion of these protons through the mitochondrial membrane into the matrix provides the proton motive force to drive the synthesis of ATP from ADP+Pi by the enzyme ATP synthase which is found in the stalked particles. Without enzymes the stages of aerobic respiration would be unable to occur and ATP would not be produced so organisms would be unable to carry out active transport, muscle contraction and movement
One of the products of aerobic respiration is carbon dioxide. This is one of the substrates for photosynthesis which is another metabolic process, important in plants, which is controlled by enzymes
If you specifically mention oxaloacetate and citrate when describing the krebs cycle they can be used as examples of beyond the specification

Topic Area Photosynthesis (A2)
Photosynthesis occurs in plants and produces the products oxygen and glucose from the substrates carbon dioxide and water. It converts light energy into chemical energy in glucose. It occurs in two stages: the light dependent and the light independent reaction. In the light dependent reaction. Light energy is absorbed by chlorophyll which excites a pair of electrons and causes their release from the chlorophyll molecule. These electrons are picked up by a series of electron carries in the thylakoid membrane. The energy lost as electrons are passed from carrier to carrier is used to pump protons (from the photolysis) for water across the thylakoid membrane setting up a proton gradient. As the protons move down their concentration gradient into the stroma through the stalked particles in the thylakoid membrane they generate a proton motive force which causes the ATPase enzyme within the stalked particle to produce ATP from ADP + Pi. Without enzymes this ATP could not be produced. ATP is required for the light independent stage of photosynthesis to occur which results in the formation of glucose required for plant growth. During the Calvin cycle carbon dioxide combines with ribulose bisphosphate to produce Glycerate – 3 phosphate. This reaction is catalysed by the enzyme RUBISCO. Glycerate -3 phosphate is then reduced to triose phosphate using the energy from the hydrolysis of ATP. Triose phosphate is either then condensed to form glucose or used to regenerate ribulose bisphosphate so the cycle can continue . Without enzymes ATP and glucose would not be produced during photosynthesis so they plant would be unable to produce glucose required for aerobic respiration and would die

The glucose produced during photosynthesis is converted into starch as a storage molecule in plants that will not affect the water potential of cells.  Starch is digested by an enzyme amylase and the final topic area I will consider in this essay is the roles played by enzymes in the process of digestion

Topic Area Digestion (AS)
The role of the human digestive system is breakdown large molecules into smaller soluble molecules that can be absorbed into the blood stream. Various different enzymes are required. Amylase in an enzyme that can hydrolyse alternate glycosidic bonds in starch to produce the disaccharide maltose. Amylase is produced by the salivary glands in the mouth and the pancreas. The glycosidic bonds in maltose can then be hydrolysed by the enzyme maltase to produce alpha glucose which can be absorbed into the blood in the small intestine by the process of cotransport. Lipids in the diet are hydrolysed by enzymes called lipases which break the ester bond to form fatty acids and monoglycerides. Proteins in the diet are hydrolysed by three different types of proteases. Endopeptidases hydrolyse peptide bonds in the middle of a protein molecule to produce lots of peptides. The peptide bond at the end of these peptides is then hydrolysed by a family of enzymes called exopeptidases to release dipeptides and amino acids. The peptide bond between two amino acids in a dipeptide are broken by membrane-bound dipeptidase enzymes into amino acids which can be absorbed into the bloodstream in the small intestine by cotransport. Without enzymes digestion could not occur and animals would be unable to absorb amino acids which are required for muscle growth. If glucose was not produced by enzymatic digestion then animals would be unable to generate the ATP required for various active processes through aerobic respiration.

Conclusion
In conclusion enzymes are required to catalyse a variety of metabolic reactions in organisms, without which organisms would cease to function

Other A2 topic areas you could include in this essay – role of enzymes in blood glucose regulation (secondary messengers and enzymes that control glycogenesis, gluconeogenesis, glycogenolysis)

Other AS areas could be DNA replication and protein synthesis (roles of DNA helicase, DNA polymerase, DNA ligase, RNA polymerase)

Practise playing about with the order of the paragraphs and come up with different ways to the link paragraphs











Essay (without annotations)
Enzymes are globular proteins that act as biological catalysts and increase the rate of reaction by lowering the activation energy. They are folded into a precise 3D structure maintained by hydrogen, ionic and disulphide bonds. They have a groove or depression in their surface called an active site to which a specific, complementary substrate can bind. Once the substrate binds the active site changes shape slightly to fit around the substrate through by induced fit. Once an enzyme binds to its specific substrate it forms an enzyme substrate complex, then an enzyme product complex. The product will then be released from the enzyme active site leaving the enzyme unchanged and able to catalyse a further reaction. Enzymes can catalyse anabolic reactions or catabolic reactions. ATPase is an anabolic enzyme that catalyses the formation of ATP from its substrates ADP + Pi which is important in many biological processes including respiration, photosynthesis and muscle contraction which will all be discussed in this essay
Muscles contract according to the sliding filament theory. This involves two filaments, actin and myosin. In a relaxed muscle the actin filament has a myosin binding site which is blocked by a protein called tropomyosin. When an action potential is stimulated in a muscle fibre cell this stimulates the release of calcium ions from the sarcoplasmic reticulum into the sarcoplasm. These calcium ions bind to troponin which causes tropomyosin to change shape and uncovers the myosin binding site on the actin filament. The myosin head (with attached ADP) binds to the actin filament forming an actin myosin cross bridge. Once attached the myosin head changes angle, pulling the actin filament along and releasing a molecule of ADP. An ATP molecule then attaches to the myosin head causing the myosin to detach. Calcium ions then activate the enzyme ATPase which hydrolyses ATP to ADP + Pi  which provides the energy to recock the myosin head to its original position so it can bind further along the actin filament. ATP synthase is an enzyme which then catalyses the resynthesis of ATP from ADP + Pi so the muscle contraction cycle can continue. Without enzymes muscle contraction could not occur and animals would be unable to move which would prevent prey escaping from predators or predators catching prey
ATP is required for muscle contraction and is produced during aerobic respiration through a series of enzyme controlled steps
There are four stages in aerobic respiration that result in the production of ATP. Glycolysis is the first stage and occurs in the cytoplasm. Glucose is the starting substrate which must be activated by phosphorylation by enzymes using the Pi from the hydrolysis of ATP (this is also catalysed by enzymes). The phosphorylated glucose is split into 2 triose phosphate molecules which are dehydrogenated using dehydrogenase enzymes which results in the production of reduced NAD and pyruvate. The 2 pyruvate produced from each glucose at the end of glycolysis enter the link reaction where further dehydrogenation reactions result in the formation of more reduced NAD and enzyme controlled decarboxylation reactions result in the production of CO2. The acetyl co enzyme A produced at the end of the link reaction enters the krebs cycle where a series of enzyme controlled reaction result in the further production of reduced coenzymes (NAD & FAD), ATP and CO2. The reduced coenzymes are oxidised and are able to donate their electrons to a series of electron carriers and the energy lost during this transfer is used to pump proteins into the mitochondrial intermembrane space. The diffusion of these protons through the mitochondrial membrane into the matrix provides the proton motive force to drive the synthesis of ATP from ADP+Pi by the enzyme ATP synthase which is found in the stalked particles. Without enzymes the stages of aerobic respiration would be unable to occur and ATP would not be produced so organisms would be unable to carry out active transport, muscle contraction and movement
One of the products of aerobic respiration is carbon dioxide. This is one of the substrates for photosynthesis which is another metabolic process, important in plants, which is controlled by enzymes
Photosynthesis occurs in plants and produces the products oxygen and glucose from the substrates carbon dioxide and water. It converts light energy into chemical energy in glucose. It occurs in two stages: the light dependent and the light independent reaction. In the light dependent reaction. Light energy is absorbed by chlorophyll which excites a pair of electrons and causes their release from the chlorophyll molecule. These electrons are picked up by a series of electron carries in the thylakoid membrane. The energy lost as electrons are passed from carrier to carrier is used to pump protons (from the photolysis) for water across the thylakoid membrane setting up a proton gradient. As the protons move down their concentration gradient into the stroma through the stalked particles in the thylakoid membrane they generate a proton motive force which causes the ATPase enzyme within the stalked particle to produce ATP from ADP + Pi. Without enzymes this ATP could not be produced. ATP is required for the light independent stage of photosynthesis to occur which results in the formation of glucose required for plant growth. During the Calvin cycle carbon dioxide combines with ribulose bisphosphate to produce Glycerate – 3 phosphate. This reaction is catalysed by the enzyme RUBISCO. Glycerate -3 phosphate is then reduced to triose phosphate using the energy from the hydrolysis of ATP. Triose phosphate is either then condensed to form glucose or used to regenerate ribulose bisphosphate so the cycle can continue . Without enzymes ATP and glucose would not be produced during photosynthesis so they plant would be unable to produce glucose required for aerobic respiration and would die
The glucose produced during photosynthesis is converted into starch as a storage molecule in plants that will not affect the water potential of cells.  Starch is digested by an enzyme amylase and the final topic area I will consider in this essay is the roles played by enzymes in the process of digestion
The role of the human digestive system is breakdown large molecules into smaller soluble molecules that can be absorbed into the blood stream. Various different enzymes are required. Amylase in an enzyme that can hydrolyse alternate glycosidic bonds in starch to produce the disaccharide maltose. Amylase is produced by the salivary glands in the mouth and the pancreas. The glycosidic bonds in maltose can then be hydrolysed by the enzyme maltase to produce alpha glucose which can be absorbed into the blood in the small intestine by the process of cotransport. Lipids in the diet are hydrolysed by enzymes called lipases which break the ester bond to form fatty acids and monoglycerides. Proteins in the diet are hydrolysed by three different types of proteases. Endopeptidases hydrolyse peptide bonds in the middle of a protein molecule to produce lots of peptides. The peptide bond at the end of these peptides is then hydrolysed by a family of enzymes called exopeptidases to release dipeptides and amino acids. The peptide bond between two amino acids in a dipeptide are broken by membrane-bound dipeptidase enzymes into amino acids which can be absorbed into the bloodstream in the small intestine by cotransport. Without enzymes digestion could not occur and animals would be unable to absorb amino acids which are required for muscle growth. If glucose was not produced by enzymatic digestion then animals would be unable to generate the ATP required for various active processes through aerobic respiration.





