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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 third in a series of five, which will help you to prepare for the Edexcel A-level biology examination. It covers Unit 4: The Natural Environment and Species Survival. This is the first of two content-based units that make up the A2 biology examination. The other four books in the series cover Units 1, 2, 5 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 4 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 4. 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 4 content


The content of each unit is clearly set out in the specification. Unit 4 has two topics:




•  On the wild side


•  Infection, immunity and forensics





On the wild side looks at the ways in which organisms obtain energy from their environment, and use it to make ATP in their cells. Plants transfer energy from sunlight into organic compounds by photosynthesis, and the rate at which they do this is known as productivity. Some of this energy can be transferred along food chains to consumers. Much energy is lost in this process, and you need to be able to calculate the efficiency of energy transfer. We look at how environmental factors affect the distribution and abundance of species in a habitat, and how this can change over time.


This leads us into a brief review of the carbon cycle, concentrating on the roles of carbon dioxide and methane in the greenhouse effect, and how increases in the concentrations of these gases in the atmosphere are contributing to global warming. You need to be aware of some of the evidence for these processes, and of how data can be used to construct models that help us to predict what may happen to global climate in the future.


Organisms are going to have to adapt to these changes in their environment, and natural selection will play an important role in this. We look at how evolution can lead to speciation, and the role of the scientific community in evaluating new evidence that may throw light on this process.


Infection, immunity and forensics begins with a very brief review of DNA structure, and then looks in detail at how the genetic code is used to synthesise proteins in cells. A simple outline of DNA profiling comes next, including some practical details of the polymerase chain reaction (for amplifying small samples of DNA) and the use of electrophoresis in separating DNA fragments of different lengths.


The structure of bacteria and viruses is revisited, followed by consideration of how pathogenic micro-organisms get into the human body, and the way we respond to such infections. We consider the evolutionary race between pathogens and their hosts, and how antibiotics can be used to cure bacterial infections.


Finally, we look briefly at how succession on a corpse, as well as other changes taking place in it, can be used to estimate the time of death.


Unit 4 assessment


Unit 4 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 writt en then they can’t give you any marks. It’s 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



On the wild side



Energy and living organisms


ATP


ATP stands for adenosine triphosphate. 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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Figure 1 An ATP molecule
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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).
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Figure 2 Hydrolysis and formation of ATP





Cells use energy for many different purposes, such as for the synthesis of proteins and other large molecules, for active transport, for the transmission of nerve impulses or for the contraction of muscles. Each cell makes its own ATP. The hydrolysis of one ATP molecule releases a small ‘packet’ of energy that is often just the right size to fuel a particular step in a process. A glucose molecule, on the other hand, would contain far too much energy, so a lot would be wasted if cells used glucose molecules as their immediate source of energy.


All cells make ATP by respiration. This is described in Unit 5. Some plant cells also make ATP during some of the reactions of photosynthesis, although most of this ATP is immediately used during other steps in photosynthesis.


Photosynthesis


Photosynthesis is a series of reactions in which light energy is converted to chemical energy. Light energy is trapped by chlorophyll, and this energy is then used to:




•  split apart the strong bonds in water molecules to release hydrogen


•  produce ATP


•  reduce a substance called NADP





NADP stands for nicotinamide adenine dinucleotide phosphate, which is a coenzyme (that is, a molecule required for an enzyme to be able to catalyse a reaction). The term ‘reduce’ means to add hydrogen, so reduced NADP has had hydrogen added to it.


The ATP and reduced NADP are then used to add hydrogen to carbon dioxide to produce carbohydrate molecules such as glucose. These carbohydrate molecules contain some of the energy that was originally in the light. The oxygen from the split water molecules is a waste product, and is released into the air.


There are many different steps in photosynthesis, which can be divided into two main stages — the light-dependent reactions and the light-independent reactions.
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Figure 3 An overview of photosynthesis
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Knowledge check 2


Students sometimes write ‘in photosynthesis, carbon dioxide is changed into oxygen’. Why is this wrong?





[image: ]



Chloroplasts


Photosynthesis takes place inside chloroplasts. These are organelles surrounded by two membranes, called an envelope. They are found in mesophyll cells in leaves. Palisade mesophyll cells contain most chloroplasts but they are also found in spongy mesophyll cells. Guard cells also contain chloroplasts.
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Figure 4 Structure of a chloroplast





The membranes inside a chloroplast are called lamellae, and it is here that the light-dependent reactions take place. The membranes contain chlorophyll molecules, arranged in groups called photosystems. There are two kinds of photosystems, PSI and PSII, each of which contains slightly different kinds of chlorophyll.


There are enclosed spaces between pairs of membranes, forming fluid-filled sacs called thylakoids. These are involved in photophosphorylation — the formation of ATP using energy from light. Thylakoids are often arranged in stacks called grana (singular: granum).


The ‘background material’ of the chloroplast is called the stroma, and this is where the light-independent reactions take place.


Chloroplasts often contain starch grains and lipid droplets. These are stores of energy-containing substances that have been made in the chloroplast but are not immediately needed by the cell or by other parts of the plant.


The light-dependent reactions


Chlorophyll molecules in PSI and PSII absorb light energy. The energy excites electrons, raising their energy level so that they leave the chlorophyll.
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Examiner tip


The supply of energy for the light-dependent reactions comes from light. These reactions, therefore, are not affected by temperature, unlike most other reactions in living organisms.
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PSII contains an enzyme that splits water when activated by light. This reaction is called photolysis (‘splitting by light’). The water molecules are split into oxygen and hydrogen atoms. Each hydrogen atom then loses its electron, to become a positively charged hydrogen ion (proton), H+. The electrons are picked up by the chlorophyll in PSII, to replace the electrons it lost. The oxygen atoms join together to form oxygen molecules, which diffuse out of the chloroplast and into the air around the leaf.
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The electrons emitted from PSII are picked up by electron carriers in the membranes of the thylakoids. They are passed along a chain of these carriers, losing energy as they go. The energy they lose is used to make ADP combine with a phosphate group, producing ATP. This is called photophosphorylation. At the end of the electron carrier chain, the electron is picked up by PSI. This replaces the electron the chlorophyll in PSI had lost when it absorbed the light energy.


The electrons from PSI are passed along a different chain of carriers to NADP. The NADP also picks up the hydrogen ions from the split water molecules. The NADP becomes reduced NADP.


We can show all of this in a diagram called the Z-scheme. The higher up the diagram, the higher the energy level. If you follow one electron from a water molecule, you can see how it:




•  is taken up by PSII


•  has its energy raised as the chlorophyll in PSII absorbs light energy


•  loses some of this energy as it passes along the electron carrier chain


•  is taken up by PSI


•  has its energy raised again as the chlorophyll in PSI absorbs light energy


•  becomes part of a reduced NADP molecule
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Figure 5 Summary of the light-dependent reactions of photosynthesis — the Z-scheme
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Knowledge check 3


The Z-scheme shows that electrons lose energy as they pass along the chains of electron carriers. Where does this energy go?
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At the end of this process, two new high-energy substances have been made. These are ATP and reduced NADP. Both of them will now be used in the next stage of photosynthesis, the light-independent reactions.


The light-independent reactions


These take place in the stroma of the chloroplast, where the enzyme ribulose bisphosphate carboxylase, usually known as RUBISCO, is found.


Carbon dioxide diffuses into the stroma from the air spaces within the leaf. It enters the active site of RUBISCO, which combines it with a 5-carbon compound called ribulose bisphosphate, RuBP. The products of this reaction are two 3-carbon molecules, glycerate 3-phosphate, GP. The combination of carbon dioxide with RuBP is called carbon fixation.
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Knowledge check 4


What are the substrates and product of the reaction catalysed by RUBISCO?
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Energy from ATP and hydrogen from reduced NADP are then used to convert the GP into triose phosphate, TP. (This is sometimes known as glyceraldehyde 3-phosphate, GALP for short.) This is the first carbohydrate produced in photosynthesis.


Most of the triose phosphate is used to produce ribulose bisphosphate, so that more carbon dioxide can be fixed. The rest is used to make glucose or whatever other organic substances the plant cell requires. These include polysaccharides such as starch for energy storage and cellulose for making cell walls, sucrose for transport, amino acids for making proteins, lipids for energy storage and nucleotides for making DNA and RNA.


This cyclical series of reactions is known as the Calvin cycle.
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Examiner tip


Some old textbooks refer to the light-independent reactions as the ‘dark reactions’. Do not use this term. The reactions can happen perfectly well in light — they just don’t need light.
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Figure 6 The Calvin cycle
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Knowledge check 5


Where do the reduced NADP and the ATP, used in the Calvin cycle, come from?
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Productivity


The rate at which a plant fixes carbon, producing organic compounds such as carbohydrates, is known as its productivity. Productivity is generally measured as the amount of energy in kilojoules in the organic compounds fixed by a certain area of plants (for example 1 m2) per year. The units are therefore kJ m–2 y–1.
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