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Exam tips


Advice on key points in the text to help you learn and recall 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.


[image: ]







[image: ]


Knowledge check answers


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





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





[image: ]







[image: ]







About this book


This book is the third in a series of four covering the Edexcel A-level Biology B specification. It covers Topics 5, 6 and 7:





•  Energy for biological processes



•  Microbiology and pathogens



•  Modern genetics





This guide has two main sections:





•  The Content Guidance provides a summary of the facts and concepts that you need to know for these three topics.



•  The Questions & Answers section contains two specimen papers for you to try, one worth 90 marks, similar to paper 1, and one worth 120 marks, similar to paper 3. 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 B 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.com.


The A-level examination is made up of three papers:





•  Paper 1 Advanced Biochemistry, Microbiology and Genetics (1 hour 45 minutes, 90 marks)



•  Paper 2 Advanced Physiology, Evolution and Ecology (1 hour 45 minutes, 90 marks)



•  Paper 3 General and Practical Principles in Biology (2 hours 30 minutes, 120 marks)





This book covers content that will be examined in papers 1 and 3 of the A-level examination. Note that all three of the A-level papers also test your knowledge and understanding of Topics 1, 2, 3 and 4. These are covered in the first two student guides in this series.


What is assessed?


It is easy to forget that your examination is not just testing what you know about biology — it is also testing your skills. It is 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 each assessment objective in the A-level examinations.






	Assessment objective

	Outline of what is tested

	Percentage of marks (A-level)






	AO1

	Demonstrate knowledge and understanding of scientific ideas, processes, techniques and procedures

	31–33






	AO2

	Apply knowledge and understanding of scientific ideas, processes, techniques and procedures:




•  in a theoretical context



•  in a practical context



•  when handling qualitative data



•  when handling quantitative data





	41–43






	AO3

	Analyse, interpret and evaluate scientific information, ideas and evidence, including in relation to issues, to:




•  make judgements and reach conclusions



•  develop and refine practical design and procedures





	25–27







AO1 is about remembering and understanding all the biological facts and concepts you have covered. 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 practical and experimental biology. A science subject such as biology is not just a body of knowledge. Our knowledge and understanding of biology continues to develop, as scientists find out new information through their research. Sometimes new research means that we have to change our ideas.


You need to develop your skills at doing experiments to test hypotheses, and analysing the results to determine whether the hypothesis is supported or disproved. You need to appreciate why science does not always give us clear answers to the questions we ask. Finally, you will be asked to make judgements and reach conclusions, and need to be able to design and improve experiments and procedures, to produce 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 word when communicating with someone, then what they are saying could easily be misinterpreted.


Biology has a huge number of specialist terms 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 exam. Be precise and careful in what you write, so that an examiner cannot possibly misunderstand you.



The examination


Time


In all of the examinations, the mark allocation works out at around 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 around a mark-a-minute rate.


It is 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


This 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 will need in order to answer the questions themselves. Do not just jump straight to the first set of 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.



•  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, you will not 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 allocated, the more information you need to give. If there are 2 marks, then you will need to give two different pieces of information in order to get both of them. If there are 5 marks, you will need to write much more.



•  The number of lines. This is not 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.





Mathematical skills


Like all of the sciences, biology uses mathematics extensively. The specification contains an appendix that lists and describes the mathematical techniques that you will need to be familiar with. You will probably have met most of these before, but make sure that you are confident with all of them. If there are any of which you are uncertain, then do your best to improve your skills in them early on in the course — do not leave it until the last minute, just before the exam. The more you practise your maths skills, the more relaxed you will be about them in the exam.


Mathematical skills can be tested in any of the A-level papers. However, they are particularly likely to be tested in paper 3.





Content Guidance


Topic 5 Energy for biological processes



Aerobic respiration


ATP


ATP stands for adenosine triphosphate (Figure 1). ATP is a phosphorylated nucleotide — it has a similar structure to the nucleotides that make up RNA. However, it has three phosphate groups attached to it instead of one.
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Knowledge check 1


How is the structure of an ATP molecule similar to an RNA nucleotide? How does it differ?
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ATP is used as the energy currency in every living cell. ATP molecules contain a lot of chemical energy. When an ATP molecule is hydrolysed, losing one of its phosphate groups, some of this energy is released and can be used by the cell. In this process, the ATP is converted to ADP (adenosine diphosphate). ATP is used as a source of energy for metabolic reactions.


All cells make ATP by respiration. Cellular respiration is a series of enzyme-controlled reactions in which energy in organic substances, often glucose, is released in a series of steps and transferred to ATP. Some energy is also released as heat.
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Exam tip


Do not say that respiration ‘produces’ energy. The energy is already present in the glucose molecules.
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The stages of aerobic respiration


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.


Aerobic respiration takes place in four stages:





•  glycolysis, in which glucose is oxidised to pyruvate



•  the link reaction, in which pyruvate is converted to acetyl coenzyme A



•  the Krebs cycle, in which the 2-carbon acetyl coenzyme A enters a cyclical series of reactions



•  oxidative phosphorylation, in which hydrogens released during the previous stages are used to convert ADP to ATP





Glycolysis takes place in the cytoplasm of a cell, but the remaining three stages all take place inside mitochondria.
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Summary


After studying this topic, you should be able to:





•  state that cellular respiration yields ATP and heat



•  state that ATP is used as a source of energy for metabolic reactions



•  list the different stages of aerobic respiration
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Glycolysis


Glycolysis (Figure 2) is the first stage of respiration. It takes place in the cytoplasm.
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Knowledge check 2


Suggest why glucose must be phosphorylated before it is split.
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A glucose (or other monosaccharide) molecule is phosphorylated, as two ATPs donate phosphate to it.


This produces a hexose bisphosphate molecule, which splits into two molecules of glycerate 3-phosphate, GP. This involves the removal of hydrogens, which are taken up by a coenzyme called NAD. This produces reduced NAD, sometimes written as NADH.


Each GP molecule is then converted to a pyruvate molecule. (Pyruvate may also be referred to as pyruvic acid.) During this step, the phosphate groups from the GP are added to ADP to make ATP.


Overall, two molecules of ATP are used and four are made during glycolysis of one glucose molecule, making a net gain of two ATPs per glucose molecule.
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Summary


After studying this topic, you should be able to:





•  describe how and why glucose is phosphorylated



•  state that phosphorylated glucose is broken down to glycerate 3-phosphate (GP)



•  explain how reduced coenzyme (NADH) and ATP are produced as the GP is converted to pyruvate
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Link reaction and the Krebs cycle


The link reaction


If oxygen is available, the pyruvate now moves into the matrix of a mitochondrion (Figure 3), where the link reaction (Figure 4) and the Krebs cycle take place. During these processes, the glucose is completely oxidised.
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Carbon dioxide is removed from the pyruvate. This carbon dioxide diffuses out of the mitochondrion and out of the cell. Hydrogen is also removed from the pyruvate, and is picked up by NAD, producing reduced NAD. This converts pyruvate into a two-carbon compound. This immediately combines with coenzyme A to produce acetyl coenzyme A.
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Knowledge check 3


From which substance do the carbon atoms in CO2 in expired air originate? Use the flow diagrams in Figures 2 and 4 to work this out.
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The Krebs cycle


Acetyl coenzyme A has two carbon atoms. It combines with a four-carbon compound to produce a six-carbon compound. This is gradually converted to the four-carbon compound again through a series of enzyme-controlled steps. These steps all take place in the matrix of the mitochondrion, and each is controlled by specific enzymes.


During this process, more carbon dioxide is released and diffuses out of the mitochondrion and out of the cell. More hydrogens are released and picked up by NAD and another coenzyme called FAD. This produces reduced NAD (NADH) and reduced FAD (FADH). At one point, ATP is produced (Figure 5).
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Summary


After studying this topic, you should be able to:





•  state that the link reaction and Krebs cycle take place in the matrix of a mitochondrion



•  describe how the link reaction and Krebs cycle result in the complete oxidation of pyruvate



•  state that carbon dioxide, reduced coenzyme (NADH) and ATP are produced in these reactions
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Oxidative phosphorylation


The hydrogens picked up by NAD and FAD are now split into electrons and protons. The electrons are passed along a series of molecules in the inner membrane of the mitochondrion, called the electron transport chain.


As the electrons move along the chain, they lose energy. This energy is used to actively transport hydrogen ions from the matrix of the mitochondrion, across the inner membrane and into the space between the inner and outer membranes. This builds up a high concentration of hydrogen ions in this space.


The hydrogen ions are then allowed to diffuse back into the matrix through special channel proteins that work as ATP synthase enzymes. The movement of the hydrogen ions down their concentration gradient and electrical gradient, through the ATP synthases, provides enough energy to cause ADP and inorganic phosphate to combine to make ATP (Figure 6).


The active transport and subsequent diffusion of the hydrogen ions across the inner mitochondrial membrane is known as chemiosmosis.
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Exam tip


Do not confuse chemiosmosis with osmosis. Osmosis is a passive process involving the diffusion of water molecules through a partially permeable membrane.
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At the end of the chain, the electrons reunite with protons. They combine with oxygen, to produce water. This is why oxygen is required in aerobic respiration — it acts as the final acceptor for the hydrogens removed from the respiratory substrate during glycolysis, the link reaction and the Krebs cycle.
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Knowledge check 4


Suggest why the process described in this section is known as oxidative phosphorylation.
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Summary


After studying this topic, you should be able to:





•  state that the electron transport chain is found in the inner mitochondrial membrane



•  describe the role of the electron transport chain and ATP synthase in generating ATP



•  explain the importance of oxygen as a final electron acceptor, forming water



•  explain what is meant by the term chemiosmosis
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Anaerobic respiration


If oxygen is not available, oxidative phosphorylation cannot take place, as there is nothing to accept the electrons and protons at the end of the electron transport chain. This means that reduced NAD is not reoxidised, so the mitochondrion quickly runs out of the NAD or FAD that can accept hydrogens from the Krebs cycle reactions. So the Krebs cycle and the link reaction come to a halt.


Glycolysis, however, can still continue, so long as the pyruvate produced at the end of it can be removed and the reduced NAD can be converted back to NAD.


The lactate pathway


In animals, NAD is regenerated by converting the pyruvate to lactate (Figure 7).
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The lactate that is produced (usually in muscles) diffuses into the blood and is carried in solution in the blood plasma to the liver. Here, liver cells convert it back to pyruvate. This requires oxygen, so extra oxygen is required after exercise has finished. The extra oxygen is known as the oxygen debt. Later, when the exercise has finished and oxygen is available again, some of the pyruvate in the liver cells is oxidised through the link reaction, the Krebs cycle and the electron transport chain. Some of the pyruvate is reconverted to glucose in the liver cells, and this can be released into the blood or converted to glycogen and stored.


When oxygen is in short supply, and muscles are using the lactate pathway, a build-up of lactate in the muscle tissue may contribute to muscle fatigue.


The ethanol pathway


In plants and yeast, the pyruvate is converted to ethanol (Figure 8).
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