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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



This book is the fourth in a series of five, which will help you to prepare for the Edexcel A-level biology examination. It covers Unit 5: Energy, Exercise and Coordination. This is the second of two content-based units that make up the A2 biology examination. The other four books in the series cover Units 1, 2, 4 and 3/6.


This guide has two main sections:




•  Content Guidance This provides a summary of the facts and concepts that you need to know for the Unit 5 examination.


•  Questions and Answers This section contains two specimen papers for you to try, each worth 90 marks. There are also two sets of answers for each question, one from a student who is likely to get a C grade and another from a student who is likely to get an A grade.





The specification


It is a good idea to have your own copy of the Edexcel biology specification. It is you who is going to take this examination, not your teacher, and so it is your responsibility to make sure you know as much about the exam as possible. You can download a copy free from www.edexcel.org.uk.


The A2 examination is made up of three units:




•  Unit 4 The Natural Environment and Species Survival


•  Unit 5 Energy, Exercise and Coordination


•  Unit 6 Practical Biology and Investigative Skills





This book covers Unit 5. There is also a practical guide that covers AS Unit 3 and A2 Unit 6 and is based on practical work that you will do in your biology classes.


Unit 5 content


The content of each unit is clearly set out in the specification. Unit 5 has two topics:




•  Run for your life


•  Grey matter





Run for your life begins by looking at the fine structure of muscles, and how they contract, as well as their interaction with the skeleton. The energy for muscle contraction comes from respiration, and both aerobic and anaerobic respiration are explained. You need to know how to investigate the rate of respiration practically, for example using a respirometer.


We then look at the function of cardiac muscle in the heart, and how all the different parts of the heart are coordinated in their activity by electrical impulses arising in the sinoatrial node. During exercise, heart rate and ventilation rate both increase, and we consider the various systems that are involved in their control. Exercise also causes an increase in body temperature, and this is regulated by the hypothalamus and various effectors. Long-term regulation involves the hormone thyroxine, and we look briefly at how this interacts with transcription factors to affect gene expression in cells.


Exercise is generally considered to be good for your health, and it does indeed help to reduce obesity, the risk of developing type II diabetes or coronary heart disease. However, too much exercise can be harmful, and we look at how it can lead to damaged joints or to reduced effectiveness of the immune system. You also need to discuss the pros and cons of banning the use of performance-enhancing drugs in sport.


Grey matter considers the structure and function of the various components of the human nervous system. The transmission of nerve impulses in the form of action potentials is described, and also the way in which these impulses are transmitted across synapses. We look in detail at one example of a receptor — the eye — and how rods can cause the generation of action potentials that transmit information about our environment to the brain.


Plants have coordination systems, too, and we look at these briefly and compare them with those of animals.


People have always been fascinated by the functions of the different parts of the brain, and we now have powerful tools to help us to determine these, such as fMRI and CT scans. We take a brief look at how one particular ability develops in the brain, and how researchers have used animal models to try to develop explanations for how our own brains develop and function, including how we learn. The ‘nature vs nurture’ debate is considered in relation to brain development in humans and other animals.


There are numerous serious illnesses, such as Parkinson’s disease, that involve the brain, and research continues to find drugs that may help to alleviate their symptoms. We look at the causes of some of these illnesses and the drugs that can be used to treat them. The results of the Human Genome Project are giving us many new avenues to explore, including the possible development of drugs to suit individuals with particular genotypes. We consider the use of animals in this kind of research, and also the potential use of genetically modified organisms.


Unit 5 assessment


Unit 5 is assessed in an examination lasting 1 hour 30 minutes. The questions are all structured — that is, they are broken up into several parts, with spaces in which you write your answers. There are 90 marks available on the paper.


What is assessed?


It’s easy to forget that your examination isn’t just testing what you know about biology — it’s also testing your skills. It’s difficult to overemphasise how important these are.


The Edexcel examination tests three different assessment objectives (AOs). The following table gives a breakdown of the proportion of marks awarded to knowledge and to skills in the A2 examination:






	
Assessment objective


	Outline of what is tested

	Percentage of marks






	AO1

	Knowledge and understanding of science and of How Science Works

	26–30






	AO2

	Application of knowledge and understanding of science and of How Science Works

	42–48






	AO3

	How Science Works

	26







AO1 is about remembering and understanding all the biological facts and concepts you have covered in this unit. AO2 is about being able to use these facts and concepts in new situations. The examination paper will include questions that contain unfamiliar contexts or sets of data, which you will need to interpret in the light of the biological knowledge you have. When you are revising, it is important that you try to develop your ability to do this, as well as just learning the facts.


AO3 is about How Science Works. Note that this comes into AO1 and AO2 as well. A science subject such as biology is not just a body of knowledge. Scientists do research to find out how things around them work, and new research continues to find out new things all the time. Sometimes new research means that we have to change our ideas. For example, not all that long ago people were encouraged to eat lots of eggs and drink lots of milk, because it was thought to be ‘healthy’. Now we know we need to take care not to eat too many animal-based fats, because new research has found links between a fatty diet and heart disease.


How Science Works is about developing theories and models in biology, and testing them. It involves doing experiments to test hypotheses, and analysing the results to determine whether the hypotheses are supported or disproved. You need to appreciate why science does not always give us clear answers to the questions we ask, and how we can design good experiments whose results we can trust.


Scientific language


Throughout your biology course, and especially in your examination, it is important to use clear and correct biological language. Scientists take great care to use language precisely. If doctors or researchers do not use exactly the correct words when communicating with someone, then what they are saying could easily be misinterpreted. Biology has a huge number of specialist terms (probably more than any other subject you can choose to study at AS) and it is important that you learn them and use them. Your everyday conversational language, or what you read in the newspaper or hear on the radio, is often not the kind of language required in a biology examination. Be precise and careful in what you write, so that an examiner cannot possibly misunderstand you.


The examination


Time


You will have 90 minutes to answer questions worth 90 marks. That gives you 1 minute per mark. When you are trying out a test question, time yourself. Are you working too fast? Or are you taking too long? Get used to what it feels like to work at just over a-mark-a-minute rate.


It’s not a bad idea to spend one of those minutes just skimming through the exam paper before you start writing. Maybe one of the questions looks as though it is going to need a bit more of your time than the others. If so, make sure you leave a little bit of extra time for it.


Read the question carefully


That sounds obvious, but students lose large numbers of marks by not doing it.




•  There is often vital information at the start of the question that you’ll need in order to answer the questions themselves. Don’t just jump straight to the first place where there are answer lines and start writing. Start reading at the beginning! Examiners are usually careful not to give you unnecessary information, so if it is there it is probably needed. You may like to use a highlighter to pick out any particularly important bits of information in the question.


•  Do look carefully at the command words (the ones right at the start of the question) and do what they say. For example, if you are asked to explain something then you won’t get many marks — perhaps none at all — if you describe it instead. You can find all these words in an appendix near the end of the specification document.





Depth and length of answer


The examiners will give you two useful guidelines about how much you need to write.




•  The number of marks. Obviously, the more marks the more information you need to give. If there are 2 marks, then you’ll need to give two different pieces of information in order to get both of them. If there are 5 marks, you’ll need to write much more.


•  The number of lines. This isn’t such a useful guideline as the number of marks, but it can still help you to know how much to write. If you find your answer won’t fit on the lines, then you probably haven’t focused sharply enough on the question. The best answers are short and precise.





Writing, spelling and grammar


The examiners are testing your biology knowledge and skills, not your English skills. Still, if they can’t understand what you have written then they can’t give you any marks. It is your responsibility to communicate clearly — don’t scribble so fast that the examiner cannot read what you have written.


In general, incorrect spellings are not penalised. If the examiner knows what you are trying to say then he or she will give you credit. However, if your wrongly spelt word could be confused with another, then you won’t be given the mark. For example, if you write ‘meitosis’, then the examiner can’t know whether you mean meiosis or mitosis, so you’ll be marked wrong.


Like spelling, bad grammar isn’t taken into account. Once again, though, if it is so bad that the examiner cannot understand you, then you won’t get marks. A common problem is to use the word ‘it’ in such as way that the examiner can’t be certain what ‘it’ refers to. A good general rule is never to use this word in an exam answer.





Content Guidance


Run for your life


Muscles


Muscle tissue is made up of highly specialised cells that are able to use energy from the hydrolysis of ATP to make themselves shorter. This is called contraction.


The type of muscle attached to the bones of the skeleton is called striated (striped) muscle, because of its appearance when seen using a microscope. The ‘cells’ in striated muscle are highly specialised, and are called muscle fibres. Each fibre contains many nuclei, many mitochondria, a very extensive endoplasmic reticulum (sarcoplasmic reticulum) with infoldings called T-tubules, and fibrils made of two proteins — actin and myosin.
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Figure 1 The structure of a muscle fibre
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Knowledge check 1


Use the diagrams to explain the difference between a muscle fibre, a myofibril and a filament.
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The sliding filament theory


Muscles contract as the actin and myosin filaments slide between each other. This makes each sarcomere shorter, so the whole muscle fibre gets shorter.




•  An action potential arrives at the cell surface membrane (sarcolemma) of a muscle fibre. It travels along the membranes of the sarcoplasmic reticulum, deep into the muscle fibre. This causes calcium ions (Ca2+), which were stored in the sarcoplasmic reticulum, to be released into the muscle fibre.


•  In a relaxed myofibril, proteins called tropomyosin and troponin cover binding sites on the actin filaments. The calcium ions cause the tropomyosin and troponin to change shape, which uncovers the binding sites.


•  Heads of myosin molecules next to the uncovered binding sites now bind with the actin filaments, forming ‘bridges’ between them.


•  The myosin heads tilt, pushing the actin filaments along.


•  ATP now binds with the myosin heads and is hydrolysed by ATPase, releasing energy. The energy causes the myosin heads to disconnect from the actin filaments.


•  The disconnected myosin heads flip back to their original position, and bind with another exposed binding site on the actin filament. They tilt again, pushing the actin filament along again.


•  This process repeats over and over, as long as action potentials keep arriving.





The diagram shows how this process causes the actin and myosin filaments to slide between one another, and how this causes the muscle fibre to shorten.
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Figure 2 How sliding filaments cause muscle contraction
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Knowledge check 2


Explain why muscle fibres contain many mitochondria.
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Fast twitch and slow twitch muscle fibres


We have two types of muscle fibres in our striated muscle tissue. Fast twitch fibres are adapted for rapid contraction over a short time period. Slow twitch fibres are adapted for slightly less rapid contraction over longer time periods.






	Slow twitch fibres

	Fast twitch fibres






	Use aerobic respiration to produce ATP

	Use anaerobic respiration to produce ATP






	Have many mitochondria to carry out Krebs cycle and oxidative phosphorylation

	Have few mitochondria






	Have large amounts of the protein myoglobin, which stores oxygen

	Have much less myoglobin






	Are relatively narrow, so oxygen can diffuse into their centres rapidly

	Are relatively wide






	Are supplied with oxygenated blood by many capillaries

	Few capillaries supplying them







Muscles and the skeleton


Striated muscles are attached to the skeleton by strong, inelastic cords called tendons. These are made of long fibres of the protein collagen, together with small amounts of another protein, elastin. When the muscle contracts, it pulls on the tendons which transmit the force to a bone.


Bones are connected at joints. Joints where the bones can move with respect to each other, such as the finger joints or elbow joint, are synovial joints. The bones at synovial joints are held together by ligaments. These, like tendons, contain collagen and elastin, but with a much greater proportion of elastin, which means that they can stretch much more than tendons.
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Examiner tip


Do not confuse tendons and ligaments. Remember that ligaments are elastic.
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Muscles can only produce a force when they contract. When they relax, they stay in the same position unless something pulls them back to their original, lengthened state. At a joint such as the elbow joint, some muscles pull in one direction when they contract, and others pull in the opposite direction. The major muscle causing the arm to bend at the elbow is the biceps, and this is called a flexor muscle. The major muscle causing the arm to straighten when it contracts is the triceps, and this is an extensor muscle.


When the arm bends, the biceps muscle contracts and the triceps generally relaxes, although it may contract a little to make sure the movement is controlled and steady. To straighten the arm, the triceps contracts and the biceps generally relaxes, although again it may contract enough to control the movement. These two muscles are said to be an antagonistic muscle pair.
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Figure 3 Antagonistic muscles at the elbow joint








[image: ]






Examiner tip


Although the words ‘biceps’ and ‘triceps’ have an s at the end, they are not plural.
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Summary


After studying this topic, you should be able to:




•  describe the structure of muscle tissue, including fibres, myofibrils and sarcomeres


•  explain how skeletal muscle contracts, in terms of the sliding filament theory


•  describe and explain the structural and physiological differences between fast twitch and slow twitch muscle fibres


•  describe how muscles, tendons, the skeleton and ligaments interact to enable movement
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Respiration


All cells obtain useable energy through respiration. Respiration is the oxidation of energy-containing organic molecules, such as glucose. These are known as respiratory substrates. The energy released from this process is used to combine ADP with inorganic phosphate to make ATP. ATP is the energy currency of cells (see page 9 in Unit 4 Student Unit Guide).
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Examiner tip


Do not say that respiration ‘produces’ energy. The energy is already present in the glucose molecules.
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In aerobic respiration, oxygen is involved. Glucose, C6H12O6, (or another respiratory substrate) is split to release carbon dioxide as a waste product. The hydrogen from the glucose is combined with atmospheric oxygen. This releases a large amount of energy, which is used to drive the synthesis of ATP.
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Measuring the rate of respiration


You can measure the rate of uptake of oxygen using a respirometer, shown in the diagram.


The organisms to be investigated are placed in one test-tube, and non-living material of the same mass in the other test-tube. Soda lime is placed in each test-tube, to absorb all carbon dioxide. Cotton wool prevents contact of the soda lime with the organisms.


Coloured fluid is poured into the reservoir of each manometer and allowed to flow into the capillary tube. It is essential that there are no air bubbles. You must end up with exactly the same quantity of fluid in the two manometers.


Two rubber bungs are now taken, fitted with tubes as shown in the diagram. Close the spring clips. Attach the manometers to the bent glass tubing, ensuring a totally airtight connection. Next, place the bungs into the tops of the test-tubes.
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Figure 4 A respirometer





Open the spring clips. (This allows the pressure throughout the apparatus to equilibrate with atmospheric pressure.) Note the level of the manometer fluid in each tube. Close the clips. Each minute, record the level of the fluid in each tube.


As the organisms respire, they take oxygen from the air around them and give out carbon dioxide. The removal of oxygen from the air inside the tube reduces the volume and pressure, causing the manometer fluid to move towards the organisms. The carbon dioxide given out is absorbed by the soda lime.


You would not expect the manometer fluid in the tube with no organisms to move, but it may do so because of temperature changes. This allows you to control for this variable, by subtracting the distance moved by the fluid in the control manometer from the distance moved in the experimental manometer (connected to the living organisms), to give you an adjusted distance moved.


Calculate the mean (adjusted) distance moved by the manometer fluid per minute. If you know the diameter of the capillary tube, you can convert the distance moved to a volume:


volume of liquid in a tube = length × πr2


This gives you a value for the volume of oxygen absorbed by the organisms per minute.


You can compare rates of respiration at different temperatures by standing the apparatus in a water bath.
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