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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.
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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.
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About this book


WJEC specification


This guide will help you to prepare for the WJEC A2 Biology Unit 3: Energy, homeostasis and the environment exam. Your knowledge and understanding of some of the principles in Units 1 and 2 may be re-examined here as well.


The Content Guidance covers all the concepts you need to understand and facts you need to know for the Unit 3 exam. It also includes exam tips and knowledge checks to help you prepare for Unit 3.


Eduqas specification


This guide will help you to prepare for the Eduqas Biology Component 1: Energy for life exam and Component 3: Requirements for life exam. Your knowledge and understanding of some of the core concepts may also be assessed in these papers.


The Content Guidance covers all the concepts you need to understand and facts you need to know for the Component 1 exam. However, it only covers two out of the five topics you need to know for the Component 3 exam. The content of the other three topics can be found in the second student guide in this series. The content covering the option modules can be found in the fourth student guide in this series.


This section also includes exam tips and knowledge checks to help you prepare for these exams.


The order in which topics appear in the guide follows the order of the specification, with the exception of ‘Importance of ATP’. This deals with the synthesis of ATP via chemiosmosis, which is included in the sections on photosynthesis and respiration, thus placing the material in context.


Using this guide


The concepts in each topic are presented first followed by details of the processes and adaptations of the various structures involved. You are advised to familiarise yourself with the key ideas before attempting to learn the associated facts.


The A-level biology course is more demanding than AS. You have to develop a deeper understanding of biological concepts and demonstrate a greater ability to apply your knowledge and understanding of biology (AO2). The A-level course also has a greater synoptic element — you need to start piecing together the topics you have studied so far and try to see the links between them. In your first year of A-level you learned the ‘core concepts’ in biology — the fundamentals of biochemistry and cell biology. This knowledge underpins all aspects of A-level biology. To ensure that you have a good understanding of the topics covered in this guide it is essential that you revisit these concepts. Synoptic links are highlighted throughout the Content Guidance.


At the end of each topic is a brief description of the practical work that you should have undertaken during the course. In the majority of cases this provides opportunities for examiners to assess your mathematical skills as well as your practical skills. For example, when studying aspects of mammalian physiology, such as the kidney and the nervous system, you may have made observations of microscope slides of various tissues and organs. Examiners may use photomicrographs or drawings of these tissues and organs and ask questions relating the visible structures to their functions. They may also ask you to calculate the actual size of structures in the image, or to calculate the magnification of the image; both of which you should have done during your first A-level year.


The Questions & Answers section will help you to:





•  familiarise yourself with many of the different question styles you can expect in the exam(s)



•  understand what the examiners mean by terms like ‘describe’ and ‘explain’



•  interpret the question material — especially any data that the examiners give you



•  write concise answers to the questions that the examiners set





Each question in this section is attempted by two students, student A and student B. Their answers, together with the examiner comments, should help you to see what you need to do to score a good mark — and how you can easily not score a good mark even though you probably understand the biology.





Content Guidance



Photosynthesis uses light energy to synthesise organic molecules


Green plants are autotrophic organisms that, during photosynthesis, synthesise complex organic molecules from simple inorganic molecules using light energy. Photosynthesis can be represented by the following simple chemical equation:
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During photosynthesis light energy is converted into chemical energy in the form of organic molecules.


Photosynthesis takes place in the chloroplasts of plant cells. The main site of photosynthesis is the palisade tissue of the leaf. Chloroplasts are surrounded by a double membrane that encloses a fluid-filled stroma (Figure 1). Within the stroma is a series of flattened membrane-bound sacs called thylakoids, which form stacks called grana. These thylakoid membranes provide a very large surface area for the absorption of light energy.
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Exam tip


The majority of life on Earth is dependent upon photosynthesis:





•  It converts light energy into chemical energy that can be used by other organisms.



•  It provides a source of complex organic molecules for heterotrophic organisms.



•  It releases oxygen, which is necessary for aerobic respiration.
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There are two main stages in photosynthesis: the light-dependent stage and the light-independent stage. In the light-dependent stage:





•  Photosynthetic pigments (e.g. chlorophyll) absorb light energy, which results in the loss of electrons. The electrons are transferred to an electron acceptor.



•  The energy absorbed by the electrons is then released via a series of redox reactions and used to synthesise ATP from ADP and Pi (photophosphorylation) and to reduce the coenzyme NADP to NADPH2.



•  Light energy is converted into chemical energy within the organic molecules ATP and NADPH2.
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Synoptic link to biological molecules: Starch grains are found in chloroplasts. Within the stroma molecules of glucose undergo condensation reactions to form starch. Therefore, there must be an enzyme in the stroma that catalyses these reactions.
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The light-independent stage involves a series of enzyme-catalysed reactions in which carbon dioxide is reduced to form a carbohydrate. This requires NADPH2 and energy released from the hydrolysis of ATP.


Figure 2 shows an overview of the two main stages in photosynthesis occurring within a chloroplast.
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Photosynthetic pigments


There are several photosynthetic pigments found in plants. These can be divided into two main groups, the chlorophylls and the carotenoids. The function of these pigments is to absorb light energy, thereby converting it into chemical energy.


Absorption and action spectra


The absorption spectrum (Figure 3a) shows the percentage of light absorbed by a particular pigment at different wavelengths of light. The action spectrum (Figure 3b) shows the rate of photosynthesis at different wavelengths of light. Since the two graphs show a similar trend, it suggests that these pigments are those responsible for the absorption of the wavelengths of light used in photosynthesis.
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From the absorption spectrum it can be seen that:





•  chlorophyll molecules absorb wavelengths of light in the blue-violet and red regions of the visible spectrum



•  the peak absorptions for chlorophyll a and chlorophyll b differ slightly



•  the carotenoids (e.g. xanthophyll and beta carotene) absorb wavelengths of light in the blue-violet region
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Exam tip


At A-level you are expected to use the correct terminology when answering questions. You will not gain credit for vague statements such as ‘chlorophyll absorbs light’ or ‘chlorophyll absorbs blue-violet light’. You must refer to chlorophyll absorbing light energy or wavelengths of light in the blue-violet region of the spectrum.
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Photosystems


It can be seen from Figure 4 that the photosynthetic pigments are arranged in clusters embedded in the thylakoid membranes of the chloroplasts. These clusters are known as photosystems. A photosystem consists of an antenna complex and a reaction centre (Figure 5).


In a photosystem, chlorophyll a is the main photosynthetic pigment and is found in the reaction centre. Chlorophyll b and the carotenoids are accessory pigments found in the antenna complex. The molecules in the complex are arranged so as to channel light energy to the reaction centre.


There are two types of photosystem:





•  In photosystem I the reaction centre is called P700 as it contains two chlorophyll a molecules with a maximum absorption at a wavelength of 700 nm.



•  In photosystem II the reaction centre is called P680 as it contains two chlorophyll a molecules with a maximum absorption at a wavelength of 680 nm.
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Knowledge check 1


Explain the advantage to a plant of having chloroplasts that contain several different light-absorbing pigments.
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Exam tip


Synoptic link to leaf structure: You learned about the structure of chloroplasts and their distribution in the leaves of angiosperms in A-level year 1. It would be wise to review your notes on these to ensure you understand the links. You may be given electron micrographs or drawings of chloroplasts and asked to identify the different structures or the locations of different parts of photosynthesis.
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Knowledge check 2


Explain why plants appear green.
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Knowledge check 3


State exactly where in the chloroplast you would expect to find photosystems.
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The light-dependent stage


The light-dependent stage involves the formation of ATP by photophosphorylation and the reduction of the coenzyme NADP. These events are summarised in a diagram, known as the ‘Z-scheme’, shown in Figure 6.
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Knowledge check 4


Photosystems contain several pigments. State the location of the following pigments within a photosystem:





a chlorophyll a




b chlorophyll b
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1  Photosynthetic pigments in the antenna complex of photosystem II absorb light energy. The energy is transferred to the reaction centre where it excites an electron in each of the two chlorophyll a molecules.



2  The excited electrons are boosted to a higher energy level. They leave the chlorophyll a molecules and are received by an electron acceptor; this oxidises the chlorophyll a molecules while reducing the electron acceptor.



3  The electrons are passed along the electron transport chain in a series of redox reactions to photosystem I, which is at a lower energy level. The energy lost by the electrons is used to convert ADP and Pi to ATP — this is photophosphorylation.



4  Light absorbed by photosystem I boosts two electrons from the chlorophyll a molecules in the reaction centre to an even higher energy level. The electrons are received by another electron acceptor.



5  Electrons (from the chlorophyll a molecules) and H+ (from the photolysis of water) are used to reduce NADP (the final electron acceptor) to NADPH2.
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Exam tip


NADP is the coenzyme involved in photosynthesis. Do not confuse it with NAD, which is involved in respiration. Remember that the letter ‘p’ is in both NADP and photosynthesis.
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Photolysis of water


This occurs at stage 1 of the light-dependent reactions. The electrons removed from the chlorophyll a molecules in photosystem II are replaced by electrons (e−) from a water molecule. The loss of electrons from the water molecule causes it to dissociate into protons (H+) and oxygen — this is known as photolysis.
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Exam tip


The electrons lost from the chlorophyll a molecule in photosystem I are used to reduce NADP. These electrons are replaced by those lost by the chlorophyll a molecule in photosystem II, which are in turn replaced by those lost by the water molecule during photolysis.
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Chemiosmotic theory of photophosphorylation


Figure 7 shows how ATP is synthesised during non-cyclic photophosphorylation. As the electrons pass along the electron transport chain they lose energy. This energy is used to pump protons (H+) from the stroma, across the thylakoid membrane and into the thylakoid space. The protons accumulate so that steep concentration and electrochemical gradients are established between the thylakoid space and the stroma. These gradients are also maintained by:





•  the photolysis of water, which occurs in the thylakoid space and increases the H+ concentration



•  the reduction of NADP, which occurs in the stroma and decreases the H+ concentration





The protons (H+) diffuse back into the stroma through the chemiosmotic protein channels where the enzyme ATP synthase is located. The flow of protons through ATP synthase provides the energy required to produce ATP from ADP and Pi.
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Electrons from the chlorophyll a molecules in photosystem I are used to reduce NADP and are replaced indirectly by electrons from the photolysis of water. This is known as non-cyclic phosphorylation and is represented by stages 1 to 5 in Figure 6.


You can see from Figure 6 that the electron acceptor at stage 4 is at the highest energy state. It is possible for some of these excited electrons to return to the chlorophyll a molecule in photosystem I via the electron transport chain. This is known as cyclic phosphorylation and is represented by stages 4, 6 and 3 in Figure 6.


Cyclic and non-cyclic photophosphorylation are compared in Table 1.


Table 1 Cyclic and non-cyclic phosphorylation






	Feature

	Cyclic photophosphorylation

	Non-cyclic photophosphorylation






	Photosystems involved

	I only

	I and II






	Photolysis of water

	No

	Yes






	Electron donor

	Chlorophyll a in photosystem I

	Chlorophyll a in photosystem I






	Terminal electron acceptor

	Chlorophyll a in photosystem I

	NADP






	Products

	ATP

	ATP, NADPH2 and oxygen








The light-independent stage (Calvin cycle)


The light-independent reactions take place in the stroma of the chloroplast because this is where the enzymes involved are located. During these reactions ATP and NADPH2 (from the light-dependent stage) are used to reduce carbon dioxide to triose phosphate (a 3C carbohydrate). Figure 8 shows the main stages in the Calvin cycle.




[image: ]







1  Carbon dioxide combines with ribulose bisphosphate (RuBP) to form two molecules of glycerate-3-phosphate (GP), which is the first product of photosynthesis. This reaction is a carboxylation (addition of carbon dioxide) reaction and is catalysed by the enzyme rubisco (ribulose bisphosphate carboxylase). As carbon dioxide is converted from an inorganic form into an organic molecule the process is also referred to as carbon fixation.



2  NADPH2 is used to reduce the two molecules of glycerate-3-phosphate into two molecules of triose phosphate (TP). The hydrolysis of ATP provides the energy for this reaction.



3  Most of the TP (five out of six molecules) is converted by a series of reactions, via ribulose phosphate, into RuBP. ATP supplies the phosphate and energy required.



4  Some of the TP (one of the six molecules) is converted rapidly to glucose and other carbohydrates, amino acids, lipids and nucleic acids.
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Exam tips


Balancing the equation:


[image: ]


For every molecule of CO2 that enters the Calvin cycle two molecules of triose phosphate (TP) are produced. Six molecules of CO2 entering the cycle will result in the production of 12 molecules of TP of which two molecules will leave the cycle and combine to form one molecule of glucose.


Five triose phosphate molecules contain 15 carbon atoms and 5 phosphate groups. Three ribulose bisphosphate molecules also contain 15 carbon atoms but 6 phosphate groups. The hydrolysis of ATP supplies the extra phosphate group during these reactions.
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Knowledge check 5


Name the two products from the light-dependent stage that are required for the Calvin cycle.
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Investigating photosynthesis: Calvin’s lollipop


Melvin Calvin was an American biochemist who investigated the pathway by which carbon dioxide is converted into organic compounds during photosynthesis. A suspension of the unicellular alga Chlorella was placed in a flattened glass vessel that was called the ‘lollipop’ (Figure 9a). The suspension of Chlorella was supplied with radioactive carbon dioxide. The lollipop was illuminated and the algae allowed to photosynthesise. As the Chlorella photosynthesised, the radioactive carbon dioxide was ‘fixed’ and incorporated into organic molecules (the intermediate compounds), which became radioactive. At specific time intervals samples of the Chlorella were released into boiling alcohol. This denatured enzymes, killed the Chlorella and stopped the light-independent reactions at a particular point in time.


Compounds that the radioactive carbon had reached at a particular moment were determined by chromatography and autoradiography (Figure 9b). The order in which each compound is produced was found by identifying the molecules and analysing the results. From these results Calvin discovered the metabolic pathway that is now known as the light-independent stage of photosynthesis.
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Practical work


Chromatography


Chromatography is a technique for separating molecules from a mixture. It relies on the principle that different molecules have differing solubility in particular solvents.


A pestle and mortar can be used to obtain an extract of photosynthetic pigments from plant tissue. A concentrated spot of this extract is then applied to the origin of the chromatogram. When the end of the chromatogram is placed into a solvent the molecules will then separate out according to their solubility/molecular mass. More soluble/lighter molecules move further up the chromatogram than the less soluble/heavier molecules (Figure 10).
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Once the molecules have been separated they can be identified by calculating their Rf value. The Rf value is specific to each molecule and compares the distance travelled by the molecule with that of the solvent.
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Exam tip


When calculating Rf values you must measure the distance travelled by both the molecule and the solvent front from the origin. Rf values are always less than 1; if you get an answer above 1 then you have reversed the calculation.
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	Pigment

	Rf value






	Xanthophyll

	0.28






	Chlorophyll b


	0.42






	Chlorophyll a


	0.59






	Carotene

	0.98
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Knowledge check 6





a Use Figure 10 to calculate the Rf value of the yellow pigment.



b Use the table of Rf values above to identify the four molecules.
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