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Examiner tips


Advice from the examiner on key points in the text to help you learn and recall unit content, avoid pitfalls, and polish your exam technique in order to boost your grade.
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Knowledge check


Rapid-fire questions throughout the Content Guidance section to check your understanding.
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Knowledge check answers


Turn to the back of the book for the Knowledge check answers.
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Summary




• Each core topic is rounded off by a bullet-list summary for quick-check reference of what you need to know.
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Questions & Answers
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About this book



The aim of this book is to help you prepare for the A2 Unit 2 examination for CCEA Biology.


The Content Guidance section contains everything that you should learn to cover the specification content of A2 Unit 2. It should be used as a study aid as you meet each topic, when you prepare for end-of-topic tests, and during your final revision. There are eight topics and for each there are examiner tips and knowledge checks in the margins. Answers to the knowledge checks are provided at the end of the book. Since A2 biology builds on learning at AS, synoptic links with AS topics are featured. Where appropriate, there is a list of the practical work with which you are expected to be familiar. At the end of each topic, there is a comprehensive, yet succinct, summary of the points covered.


The Questions and Answers section provides two exemplar papers for you to try. There are answers written by two students together with examiner comments on their performances and how they might have been improved. These will be particularly useful during your final revision. There is a range of question styles that you will encounter in the A2 Unit 2 exam, and the students’ answers and examiner comments should help with your examination technique.


Developing your understanding


It is important that through your A2 course you develop effective study techniques.




•  You must not simply read through the content of this book.


•  Your understanding will be better if you are active in your learning. For example, you can take the information given in this book and present it in different ways:







    –  a series of bullet points to summarise the key points


    –  an annotated diagram to show the steps in an overall process, for example a diagram of the light-dependent stage of photosynthesis, noting what happens in each step


    –  an annotated graph, for example showing the effect of factors on the rate of photosynthesis, with notes explaining the situation in which each factor is limiting


    –  a spider diagram, for example one on patterns of inheritance to include dominance, codominance, lethal alleles, multiple alleles, sex linkage, dihybrid inheritance, polygenic inheritance and epistasis, and giving a brief explanation of the features of each







•  Compile a glossary of terms for each topic. Key terms are shown in bold (with some in the margin). For each you should provide a definition. This will develop your understanding of the language used in biology and help you in answering question parts where quality of written communication is being assessed.


•  Write essays on different topics. For example, an essay on the genetic modification of organisms will test your understanding of the entire topic and give you practice for the Section B question.


•  Think about the information in this book so you are able to apply your understanding in unfamiliar situations. Ultimately you will need to be able to deal with questions that set the topic in a new context.


•  Ensure that you are familiar with the practical skills expected in this unit so that you can answer questions on How Science Works.


•  Use past questions and other exercises to develop all the skills that examiners must test.


•  Use the topic summaries to check that you have covered all the material that you need to know and as a brief survey of each topic.





The A2 Unit 2 paper


The A2 Unit 2 examination lasts 2 hours and is worth 90 marks. There are two sections. In Section A all the questions are structured, though there is a variety of question styles. In Section B there is a single question, which may be presented in several parts, and which should be answered in continuous prose.


Be aware that the examiners must test a range of skills. These are called assessment objectives and are described in the CCEA biology specification. At A2, examiners must design the paper to show the following balance of marks:






	Assessment Objective

	Description

	Marks 






	AO1

	Knowledge and understanding

	32






	AO2

	Application of knowledge and understanding

	45






	AO3

	How Science Works

	13







AO1 is mostly found at the start of the paper, in the initial parts of questions and in Section B. However, the emphasis in the A2 Unit 2 paper is on showing your ability to apply your understanding (AO2), and questions will often be presented in novel contexts. Additionally in the A2 Unit 2 paper, you will be tested on your ability to demonstrate statistical skills.


AO3 may be assessed by questions that ask you to formulate a hypothesis, design an appropriate experiment, evaluate the methodology used in an experiment and analyse results to work out whether a hypothesis has been supported or disproved. You may also be asked to consider the ethical implications of the way research is carried out.


In A2 papers you should expect that some question parts will build on your learning at AS. This is synoptic assessment. You are advised to review your work at AS in preparation for synoptic assessment. Some of the knowledge checks test synoptic links.


You are expected to use good English and accurate scientific terminology in all your answers. Quality of written communication is assessed throughout the paper and is specifically awarded a maximum of 2 marks in Section B.
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Examiner tip


The CCEA biology specification is available from www.ccea.org.uk You will also be able to access past papers, mark schemes and statistics sheets.
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Content Guidance


Respiration


Energy, adenosine triphosphate and respiration


Energy is defined as ‘the capacity to do work’. The work of a cell includes:




•  active transport — moving ions and molecules across a membrane against a concentration gradient


•  secretion — large molecules produced in some cells are exported by exocytosis


•  endocytosis — bulk movement of large molecules and particles into cells


•  biosynthesis — anabolic reactions producing large molecules (e.g. proteins from amino acids, cellulose from β-glucose)


•  replication of DNA and synthesis of organelles — events during the cell cycle


•  contraction of myofibrils — movement of actin filaments over myosin filaments


•  activation of molecules — glucose is phosphorylated at the beginning of respiration
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Examiner tip


Remember that energy cannot be created or destroyed. So never tell examiners that energy is produced. Respiration releases energy and produces ATP.
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The energy for all of this work is made available from adenosine triphosphate (ATP). ATP is composed of adenine (a base) attached to a ribose (a pentose sugar) molecule, which is attached to a linear sequence of three phosphate groups (see Figure 1).
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Figure 1 The structure of adenosine triphosphate (ATP)
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Examiner tip


Both respiration and hydrolysis involve breakdown reactions. However, just saying that is insufficient to distinguish between them. Respiration is the breakdown of organic molecules (e.g. glucose, fatty acids) so that energy is released to synthesise ATP; hydrolysis is the breakdown of large organic molecules (e.g. starch, lipids, proteins) into component molecules (e.g. glucose, fatty acids, amino acids) by the addition of water.
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Energy is released from ATP when it is hydrolysed to ADP and inorganic phosphate (Pi) by the enzyme ATPase. ATP is referred to as ‘energy currency’ because, like money, it can be used in different contexts, and it is constantly being recycled. At any one time there is only a small pool of ATP in the cell. When ATP is required it is recycled from ADP and Pi by the transfer of energy from the breakdown of glucose, fatty acids and, occasionally, amino acids. These are called respiratory substrates. Their breakdown, with the release of energy for ATP synthesis, is called respiration. The recycling of ATP is shown in Figure 2.
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Figure 2 Recycling ATP: its hydrolysis with the release of energy and its synthesis as a result of respiration
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Knowledge check 1


ATP is derived from a nucleotide. Explain whether it is derived from a nucleotide of DNA or RNA.
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During respiration, ATP is produced in two processes:




•  substrate-level phosphorylation — ATP is produced by the direct transfer of a phosphate group from a phosphorylated substance (a substance with a phosphate group attached) to ADP


•  oxidative phosphorylation — ATP is produced from ADP and Pi as electrons are transferred along a series of carriers (the electron transport chain)





Two different forms of respiration are recognised:




•  Anaerobic respiration does not require oxygen and can only use glucose (carbohydrate). This is incompletely broken down and so only a little ATP is produced.


•  Aerobic respiration requires oxygen and uses a variety of respiratory substrates that are completely broken down to produce a great deal of ATP.
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Examiner tip


Respiration occurs via a series of small steps. Some of these involve the removal of hydrogen (dehydrogenation), the removal of carbon dioxide (decarboxylation) or the addition of phosphate (phosphorylation). You should be familiar with these terms. Dehydrogenation is an oxidation reaction.
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Biochemistry of aerobic respiration


Aerobic respiration of glucose occurs in four stages in cells:





1 Glycolysis, which occurs in the cytoplasm.



2 Link reaction (pyruvate oxidation), which occurs in the matrix of the mitochondrion.



3 Krebs cycle, which occurs in the matrix of the mitochondrion.



4 Electron transport chain and oxidative phosphorylation, which occur across the inner membrane of the mitochondrion.
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Examiner tip


You should understand the terms oxidation and reduction since aerobic respiration involves such reactions. Oxidation is the addition of oxygen or the removal of hydrogen (or electrons); reduction is the addition of hydrogen (or electrons). Redox reactions involve both oxidation and reduction: the molecule that accepts hydrogen is reduced; the molecule from which hydrogen is removed is oxidised.
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The mitochondrion is the organelle of aerobic respiration.


Glycolysis is the splitting of glucose in a metabolic pathway that has four major steps (see Figure 3). Glycolysis requires glucose, ATP, ADP, Pi and NAD+. It produces NADH (+ H+) and ATP.
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Figure 3 Glycolysis
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Examiner tip


You should learn the steps of glycolysis shown in Figure 3 so that you know where ATP is used, where NAD+ is reduced and where ATP is produced.
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Knowledge check 2


Use Figure 3 to explain the statement ‘The net yield of ATP is two molecules per molecule of glucose’.
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For every molecule of glucose used in glycolysis, two molecules of ATP are used initially. However, four molecules of ATP are produced, so there is a net production of two ATP molecules per glucose molecule (this occurs in both aerobic and anaerobic respiration). During aerobic respiration, additional energy is available from reduced NAD (two molecules of reduced NAD are produced per glucose). For this additional energy to be made available, electrons from reduced NAD must pass into the mitochondrion (by a ‘shuttle’ system) to produce more ATP by oxidative phosphorylation. There are two ‘shuttle’ systems, one of which operates at the cost of one molecule of ATP. Pyruvate is transported into the mitochondrion where, if oxygen is available, it is further metabolised. Two molecules of pyruvate are produced per molecule of glucose. Therefore, when considering the breakdown of one molecule of glucose, the products of this further metabolism of pyruvate must be doubled.
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Knowledge check 3


In the reaction from triose phosphate to glycerate bisphosphate, shown in Figure 3, identify which molecule is oxidised and which is reduced.


Knowledge check 4


Which of the following are produced during glycolysis: NADH, ATP, NAD+, lactate, CO2, pyruvate?
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In the mitochondrion, pyruvate is initially broken down in a link reaction (so called because it links with the Krebs cycle). The link reaction involves the removal of hydrogen (dehydrogenation) and the removal of carbon dioxide (decarboxylation) from pyruvate, with the formation of an acetyl group (see Figure 4).
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Figure 4 The link reaction (oxidation of pyruvate)
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Knowledge check 5


The link reaction involves the activity of two enzymes: (a) pyruvate dehydrogenase; and (b) pyruvate decarboxylase. State the role of each enzyme.
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The carbon dioxide diffuses out of the mitochondrion and out of the cell. The hydrogen that is removed is picked up by NAD+ producing NADH (reduced NAD). The two-carbon acetyl group is carried by coenzyme A to produce acetyl coenzyme A.


Coenzymes work closely with the enzymes of respiration, carrying products of the breakdown to be used elsewhere:




•  NAD+ carries hydrogen, as NADH (+ H+), to be used in the electron transport chain (oxidative phosphorylation)


•  coenzyme A carries the acetyl group, as acetyl coenzyme A, to be used in the Krebs cycle
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Examiner tip


NAD+ is a coenzyme that accepts hydrogen atoms (and so is reduced). Don’t say that it accepts hydrogen ions or molecules.
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In the Krebs cycle the acetyl group, from acetyl coenzyme A, combines with a four-carbon acid to form a six-carbon acid. During each cycle:




•  two steps involve the removal of carbon dioxide molecules, which diffuse out of the mitochondrion and out of the cell


•  one step is a substrate-level phosphorylation, producing an ATP molecule


•  four steps involve dehydrogenations, i.e. hydrogen is removed from the substrate





The Krebs cycle is shown in Figure 5.
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Figure 5 Krebs cycle
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Knowledge check 6


How many molecules of (a) ATP and (b) NADH are produced within the Krebs cycle per molecule of glucose?
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The removal of hydrogen is the most significant feature of the Krebs cycle. In three instances hydrogen is carried by NAD+ and in one case hydrogen is carried by FAD, which is another coenzyme.
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Examiner tip


The Krebs cycle plays an important part in respiration. It is the main source of reduced coenzymes, carrying hydrogen to the electron transport chain for the production of ATP.
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The hydrogens removed during glycolysis, the link reaction and the Krebs cycle are the source of electrons for the electron transport chain. In this chain, ATP is produced through oxidative phosphorylation. The process has the following features:




•  Hydrogens are passed along initially and then subsequently only their electrons. (Remember that a hydrogen atom consists of a proton, or hydrogen ion, and an electron.)


•  The hydrogens, or their electrons, are passed through a series of carriers. NAD+, flavoprotein and coenzyme Q act as hydrogen carriers; cytochromes and cytochrome oxidase are electron carriers.


•  As a carrier receives hydrogens, or electrons, it is reduced. As it passes the hydrogens or electrons along it is oxidised. (This alternate reduction and oxidation of a carrier is called a redox reaction.)


•  Oxygen acts as the final electron acceptor. It is reduced, forming water.


•  The carriers lie at successively lower energy levels so that as the electrons are transferred energy becomes available.


•  Sufficient energy becomes available at certain points in the chain to produce ATP through oxidative phosphorylation.


•  From each NADH sufficient energy is released to produce three ATP molecules. Two ATP molecules are produced from each FADH2 (since hydrogen enters the chain from FADH2 at a point after the production of the first ATP). Therefore NADH has a greater yield of ATP.


•  Electron transfer and oxidative phosphorylation are tightly coupled: one process only takes place if the other process can take place. For example, if ADP and Pi are not available for phosphorylation, then no electron transfer can take place and the coenzymes are all reduced, no matter how much oxygen is available.
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Knowledge check 7


In a mammal, what happens to the CO2 produced in the Krebs cycle?
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Examiner tip


The terms electron transport chain and respiratory chain are interchangeable.
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The electron transport chain and oxidative phosphorylation are shown in Figure 6.
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Examiner tip


Figure 6 indicates that 3 ATP molecules are produced per NADH and 2 are produced per FADH2. However, recent research suggests that these figures are 2.5 and 1.5 ATP molecules respectively. Since both sets of figures are used in textbooks, either set is acceptable in examinations.
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Figure 6 The electron transport chain and oxidative phosphorylation
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Knowledge check 8


Suggest how the availability of oxygen to respiring tissues would limit the activity of (a) the electron transport chain and (b) the Krebs cycle.
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Examiner tip


Be careful of terms. A hydrogen atom consists of an electron and a proton. Only the electron of the hydrogen passes along the cytochromes to finally reduce oxygen; the proton is released. The terms proton, hydrogen ion and H+ all refer to the same particle.
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The total number of ATP molecules produced from the aerobic breakdown of glucose is shown in Figure 7, which also serves as a useful overview of the process of aerobic respiration. Note that glycolysis takes place in the cytoplasm, the link reaction and Krebs cycle take place in the mitochondrial matrix, and electron transport and oxidative phosphorylation take place in the inner membrane of the mitochondrial envelope.
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Figure 7 The total number of ATP molecules produced from the aerobic breakdown of one molecule of glucose





The figure quoted for the total number of ATP molecules produced from one molecule of glucose in aerobic respiration varies according to a number of factors: whether the ratio of ATP produced from reduced NAD and reduced FAD is taken as 3:2 or 2.5:1.5 and whether account has been taken of the usage of ATP to shuttle electrons from the reduced NAD produced in the cytoplasm into the mitochondrion. Figure 7 is based on three ATP molecules produced from each reduced NAD molecule, two ATP molecules being produced from each reduced FAD and one ATP being expended to shuttle electrons into the mitochondrion.
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Knowledge check 9


In precisely which part of the cell does each of the following take place: (a) glycolysis (b) Krebs cycle and (c) the electron transport chain?


Knowledge check 10


What is the significance of the inner mitochondrial membrane being folded?
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Other respiratory substrates


Respiratory substrates other than glucose can be respired aerobically.


Other carbohydrates are funnelled through the glycolytic pathway:




•  sugars such as fructose enter glycolysis


•  polysaccharides such as starch (in plants) and glycogen (in animals) are hydrolysed into glucose or glucose phosphate and so enter glycolysis





Triglycerides (lipids such as fats and oils) are hydrolysed into glycerol and fatty acids. Glycerol enters the glycolytic pathway. Fatty acids are energy rich, and ATP is generated in the mitochondrion either from initial splitting into two-carbon fragments (β-oxidation) or from the metabolism of the acetyl coenzyme A formed.


Proteins are hydrolysed to amino acids, which can be used to supply energy in dire situations such as starvation. The amino group is removed (deamination) and the remnant organic acid is converted into pyruvate or acetyl coenzyme A (mostly) or one of the acids in the Krebs cycle. (Excess dietary amino acids are converted to carbohydrates or triglycerides.)


All substrates respired aerobically are funnelled through the Krebs cycle, often via acetyl coenzyme A, which is referred to as the focal point of respiratory metabolism. This is illustrated in Figure 8.
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Figure 8 The respiratory metabolism of different respiratory substrates
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Examiner tip


Fatty acids and amino acids do not undergo glycolysis. They are metabolised and enter the aerobic respiration pathway mostly at acetyl coenzyme A. Unlike carbohydrates they can only generate ATP if oxygen is available.
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The energy values of respiratory substrates are shown in Table 1. Since 1 gram of lipid yields more than twice as much energy as 1 gram of carbohydrate, only half the mass is needed to store an equivalent amount of energy. Organisms that have limited opportunities for obtaining food generally carry their ‘energy store’ as lipid. Examples include the fats stored in camels’ humps and in migrating birds such as ducks and the stores of oils in numerous types of plant seed.


Table 1 Energy values of respiratory substrates






	Respiratory substrate

	
Energy yield/kJ g–1







	Carbohydrate (polysaccharides and sugars)

	16






	Lipids (triglycerides)

	39






	Proteins (amino acids)

	17







However, lipids can only be respired aerobically.
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Knowledge check 11


The fat in a camel’s hump is a main energy reserve and weighs 30 kg. Using the data in Table 1, calculate the mass of carbohydrate that would provide the same amount of energy.
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Biochemistry of anaerobic respiration


When the supply of oxygen is limited, the rate at which hydrogen carriers are oxidised (e.g. to NAD+ and FAD) is restricted and the cell may resort to anaerobic respiration (also referred to as fermentation). If there is no oxygen available, there is no terminal electron acceptor so all the carriers in the hydrogen/electron transport chain remain reduced and the link reaction and Krebs cycle cannot take place.


Anaerobic respiration is essentially glycolysis, with additional reactions to regenerate NAD+. The coenzyme NAD+ is required for the oxidation of triose phosphate to glycerate bisphosphate (see Figure 3). In this reaction the NAD+ is converted into NADH. Shuttling its electrons into the mitochondrion is limited by the availability of oxygen. Plants (and fungi) and animals have developed different pathways for regenerating NAD+ without the need for oxygen (see Figure 9). In both pathways, two molecules of ATP are produced from the metabolism of one molecule of glucose.
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Figure 9 The anaerobic pathways of different organisms
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Knowledge check 12


What is the difference between anaerobic respiration (fermentation) and glycolysis?
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Examiner tip


Remember that the purpose of the anaerobic pathways in mammals and yeast is to reoxidise NAD+ and allow glycolysis to continue, thereby generating ATP.
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Knowledge check 13


Name the two products of anaerobic respiration in muscle tissue.
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The different pathways used by some plants (and fungi) and animals reflect different strategies:




•  In plants and fungi, the anaerobic pathway allows the organism (e.g. yeast in suspension) or tissue (e.g. plant root in waterlogged conditions) to survive for a period of time without a source of oxygen. The toxic effect of the waste products is reduced because they diffuse readily out of the organism — CO2 is a one-carbon molecule and ethanol is a two-carbon molecule.


•  In animals, the anaerobic pathway allows some tissues (e.g. mammalian muscle) to generate extra ATP over and above that generated aerobically. While only two molecules of ATP are produced per glucose in anaerobic respiration, this can occur extremely rapidly. It is this extra energy release that allows us to undertake strenuous exercise — for example, sprinting. The limiting factor is our tolerance to lactate or rather lactic acid, which has a low pH and is toxic, so strenuous exercise can only take place for a brief period. After strenuous activity, the lactate in the muscle is carried in the blood to the liver; here, some of the lactate is used as a respiratory substrate to yield extra ATP for the conversion of the remaining lactate back to glucose (and subsequently to glycogen). The extra recovery oxygen required for the metabolism of lactate (and restoration of the oxymyoglobin levels) is supplied through continued rapid breathing and high heart rate — the ‘oxygen debt’ is said to be paid back.
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Knowledge check 14


Suggest how a build-up of lactic acid (lactate) during anaerobic respiration leads to muscle fatigue in mammals.


Knowledge check 15


In animals, pyruvate can be regenerated from lactate when oxygen is available. Suggest why plant and yeast cells cannot regenerate pyruvate from ethanol.
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Respiratory quotients


The amount of carbon dioxide produced relative to the amount of oxygen consumed provides information about:




•  the type of respiration taking place (i.e. aerobic or anaerobic)


•  the nature of the respiratory substrate (e.g. carbohydrate or lipid)





The relative amount of carbon dioxide produced is called the respiratory quotient (RQ).
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Knowledge check 16


The following equation shows the aerobic respiration of stearic acid (a fatty acid):


C18H36O2 + 26O2 → 18CO2 + 18H2O


Calculate the RQ for the respiration of stearic acid.





[image: ]





If the RQ is greater than 1, then extra carbon dioxide is being produced. This means that both aerobic and anaerobic respiration are taking place in, for example, yeast or plant tissue. (In yeast, if only anaerobic respiration is taking place, then theoretically the RQ value would be infinite. Remember too that anaerobic respiration in animal tissue does not produce carbon dioxide and that anaerobic respiration can use only carbohydrate as the respiratory substrate.)


If the RQ is less than or equal to 1, then aerobic respiration only is taking place, at least in yeast or plant tissue:




•  If the RQ is 1, the respiratory substrate is carbohydrate.


•  If the RQ is approximately 0.7, the respiratory substrate is lipid (fat or oil).


•  If the RQ is approximately 0.9, the respiratory substrate is protein.





In general, however, a variety of respiratory substrates (mostly a combination of carbohydrate and lipid) are used. This is why, in humans, the RQ is in the region of 0.85.
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Synoptic links


You should understand the following:




•  Respiration consists of many metabolic steps, each catalysed by a specific enzyme, and enzyme activity is influenced greatly by temperature (p. 22 of the AS Unit 1 guide). The activity of organisms is determined by their capacity to synthesise ATP, so organisms are most active when warm.


•  Carbohydrates, lipids and proteins (covered in the AS Unit 1 guide) may be used as respiratory substrates.


•  ATP is used for many processes, including active transport (pp. 48–49 of the AS Unit 1 guide). When oxygen is limiting (or if the temperature is low) then little ATP is synthesised and the rate of active transport is reduced.
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Practical work


Refer to the use of a simple respirometer as in AS Unit 2, part 2.1 (b) of the specification.




•  Calculation of RQ values.





Demonstrate the role of hydrogen acceptors using a redox indicator (e.g. methylene blue or tetrazolium chloride).
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Summary




•  Respiration is the process by which organic molecules (mainly carbohydrates and lipids) are broken down; the energy released is used to produce ATP.


•  Aerobic respiration of glucose involves four stages:







    –  In glycolysis, glucose is broken down in the cytoplasm to produce two molecules of pyruvate and two molecules of reduced NAD+ (NADH), with a net production of 2ATP by substrate-level phosphorylation; both pyruvate and NADH may enter mitochondria.


    –  The link reaction, in the mitochondrial matrix, converts pyruvate to acetyl coenzyme A, producing CO2 and more NADH.


    –  Acetyl coenzyme A is taken up by the Krebs cycle (also in the mitochondrial matrix), which generates CO2 (twice), NADH (three times), FADH2 (once) and ATP (once, by substrate-level phosphorylation).


    –  The reduced coenzymes (NADH and FADH2
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