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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.





[image: ]





[image: ]




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 unit guide is the first of two that cover the OCR A2 Specification in biology. It is intended to help you prepare for Unit F214: Communication, Homeostasis and Energy. It is divided into two sections:




•  Content Guidance — here you will find key facts, key concepts and links with other parts of the AS/A2 biology course. You should find the Focus on practical skills sections useful for the practical work assessed in Unit F216. There are sections on histology to help you interpret photographs, drawings and diagrams of sections of the pancreas, liver and kidney. The synoptic links are intended to show you how topics in this unit build on information you learnt at AS. It also shows you how information in this unit links to topics in Unit F215: Control, Genomes and Environment.


•  Questions and Answers — here there are questions on each of the six sections in Unit F214, together with answers written by two candidates and examiner’s comments.





This is not just a revision aid. This is a guide to the whole unit and you can use it throughout the A2 course. You should read other sources of information such as textbooks, articles from Biological Sciences Review, published by Philip Allan Updates, and websites. It is also a good idea to use animations available on the internet to follow the complex processes described in this unit guide. I have recommended some although I am sure you will be able to find others.


In this guide there are references to the three tasks you will take as part of Unit F216:




•  the qualitative task, e.g. carrying out an experiment that does not give you anything to measure or determine — it may involve recording colours or drawing from a specimen or from a microscope slide


•  the quantitative task, e.g. carrying out a practical task in which you record measurements


•  the evaluative task, e.g. commenting critically on the practical procedure and the results you obtained in the quantitative task





There is a Student Unit Guide specifically for the practical assessment in F213. You will find some references to it in the sections entitled ‘Focus on practical skills’ in this guide for F214.


Units


Various units are used in this guide.


Length


The units used are nm, μm, mm, m and km:




•  1000nm (nanometres) = 1μm (micrometre)


•  1000μm = 1mm (millimetre)


•  1000mm = 1m


•  1000m = 1km





In this unit you will study both cells (for example nerve cells and endocrine cells) and organelles (for example chloroplasts and mitochondria). In the unit test you may be asked to apply your knowledge of calculating magnification and size from Unit F211 to drawings, photomicrographs or electron micrographs of cells and/or organelles. Wavelengths of light are measured in nanometres. You will need to use these units in the section on photosynthesis.


Volume


The units used are cm3 and dm3: 1000cm3 = 1dm3.


You will often find ml (millilitre) on glassware and in textbooks. Examination papers, however, use cm3 (cubic centimetre or ‘centimetre cubed’) and dm3 (cubic decimetre or ‘decimetre cubed’). 1cm3 is the same as 1ml; 1dm3 is the same as 1 litre (1l or 1L); 1000cm3 = 1dm3.


In this guide you will come across volumes in the sections on excretion, photosynthesis and respiration.


Energy


The units used are joules (J), kilojoules (kJ) and megajoules (MJ):




•  1000J = 1kJ


•  1000kJ = 1MJ





On p. 70 you will find the energy values of some respiratory substrates. You may be asked to recall these figures in the unit test and give the appropriate unit (the kilojoule).


Potential difference


The units used are volts (V), millivolts (mV): 1000mV = 1V.


Millivolts are used in the section on nerves (pp. 15–27). There are two figures to remember: the potential difference across a membrane at rest is between −65mV and −70mV. This is known as the resting potential. During an action potential, the potential difference increases to between +30mV and +40mV.


Time


The units used are hours (h), minutes (min), seconds (s) and milliseconds (ms): 1000ms = 1s.


Milliseconds are used to measure the speed of transmission of nerve impulses. In recording results from investigations into the rates of photosynthesis and respiration you will probably measure time in seconds. You can calculate rates by using the formula 1/t where t = the length of time it takes to collect a certain volume of gas or for a colour change to take place.


Names of biochemical molecules


Much of this unit deals with biochemistry. Almost all biochemical molecules have more than one name. The names used in this guide follow those used in the specification. Organic acids, such as pyruvic acid, acetic acid and citric acid exist as anions in cytoplasm and body fluids and are referred to using the suffix ‘-ate’ — hence pyruvate, acetate and citrate. In several places the names acetic, acetate and acetyl are used, which you may also know as ethanoic, ethanoate and ethanoyl. Adrenaline and noradrenaline are now known officially as epinephrine and norepinephrine. You should use these words if you do a web search for extra information or for help with your revision. However, the specification refers to adrenaline and so this term and noradrenaline are used in this guide.


Phosphate ions (PO43−) are involved in many biochemical processes. In this guide you will read about them in the sections on excretion, photosynthesis and respiration. Pi is a standard abbreviation for inorganic phosphate and is used in this guide.


A2 biology


The diagram below shows you the three units that make up the A2 course. You should have a copy of the specification for the whole of the course. You should keep it in your file with your notes and refer to it constantly. You should know exactly which topics you have covered so far and how many more you have to do.
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The specification outlines what you are expected to learn and do. The content of the specification is written as learning outcomes, which state what you should be able to do after studying and revising each topic. Some learning outcomes are very precise and cover just a small amount of factual information. Some are much broader. Do not think that any two learning outcomes will take exactly the same length of time to cover in class or during revision. Some of the learning outcomes deal with practical biology — in this guide these are covered in sections called ‘Focus on practical skills’.


It would be a good idea to write a glossary to the words in the learning outcomes, as the examiners expect you to know what they mean. This guide should help you to do this. You have to use your AS knowledge during the course, so links to AS are given throughout the guide.


Themes in biology


The first theme in F214 is homeostasis, which is dealt with in the context of thermoregulation. Later, you meet homeostasis in the control of glucose concentration and water content in the blood. The second theme is communication by the nervous and hormonal systems. The third is energy in living organisms, covered by photosynthesis and respiration. Although the specification refers almost exclusively to mammals and flowering plants, remember that many of the processes described in this guide occur in other organisms — for example, homeostasis occurs within yeast cells as well as in humans.


Examiners have to set some challenging questions in the unit test. Identifying the main themes in this unit and making links between different topics are two ways in which you can prepare for these questions.


This guide will help you to understand how the key facts fit into the wider picture of biology — you need knowledge of this unit to understand fully some of the content of Unit F215. You also need to revise topics from AS — they provide useful background material because many of the topics at A2 build on the subject matter covered at AS. Some links to AS are made clear at the beginning of each section and others are explained in the synoptic links at the end of each section. In the unit test you will be assessed on your ability to apply knowledge and understanding of more than one area of the specification to a particular situation or context. This means that you should revise the material you studied at AS and be prepared to use it when learning new topics and answering questions. This guide will help you do this by identifying these synoptic links.





Content Guidance


Module 1: Communication and Homeostasis


Communication


Key concepts you must understand


If they are to survive, all organisms must detect stimuli (changes) in their surroundings and respond to them. Complex, multicellular organisms are composed of specialised cells, tissues, organs and organ systems. Cells communicate with each other by secreting chemicals that diffuse into the immediate surroundings and are detected by adjacent cells. However, this method is only effective over short distances. So that cells throughout the body can function efficiently and effectively, organisms need long-distance communication systems to coordinate and synchronise their activities. Animals have two such systems:




•  the nervous system


•  the endocrine (hormonal) system





Four ways in which cells signal to one another are:





(a) paracrine secretion, over short distances



(b) nerve cells use electrical impulses to cover long distances, but release chemicals where they terminate



(c) endocrine secretion



(d) neurosecretion





In endocrine secretion and neurosecretion, chemicals are released into the blood to travel long distances.
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Examiner tip


These four methods of signalling are shown in Figure 1. As you look at the diagram remember what you learnt about cell signalling and cell surface receptors in Unit F211.
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To function efficiently organisms have control systems to keep internal conditions near constant, a feature known as homeostasis. This requires information about conditions inside the body and in the surroundings. These conditions are detected by sensory cells. Some of the physiological factors controlled in homeostasis in mammals are:




•  core body temperature


•  blood glucose concentration


•  concentration of ions in the blood, e.g. Na+, K+ and Ca2+



•  water potential of the blood
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Figure 1 Cell signalling involves the release of chemicals and their detection
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Examiner tip


Histamine, antidiuretic hormone, adrenaline and acetylcholine are examples of cell signalling molecules. There are many others, particularly in the central nervous system.
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Key facts you must know


Homeostasis and thermoregulation


Homeostasis is the maintenance of near constant internal conditions. It involves detecting changes inside and outside the body and making responses that counteract changes in the internal environment. Birds and mammals maintain a near constant core body temperature independent of the temperature of their surroundings. They are endotherms — they generate heat and conserve it in their bodies if it is cold, and have mechanisms to lose heat if they are hot. Other animals and plants are unable to do this and are known as ectotherms. Their main source of body heat is from their surroundings, and their body temperatures fluctuate with the ambient temperature. It is a mistake to call ectotherms, such as lizards, snakes and fish ‘cold-blooded’. On a hot day a lizard is hot-blooded and tropical fish are definitely warm-blooded. Although ectotherms are dependent on the temperature of their surroundings, many organisms are able to maintain a temperature different from that of their surroundings
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Examiner tip


The ambient temperature is the temperature of an organism’s surroundings. This may be air or water depending on the species. A key principle of temperature control is detecting a decrease in the ambient temperature and taking actions to reduce heat loss before the core body temperature falls.
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Knowledge check 1


Distinguish between ectotherms and endotherms.
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•  Some lizards are able to regulate their temperature using behavioural methods such as basking in the sun and moving into the shade.


•  Desert plants are often a few degrees cooler than the air temperature on hot days.


•  Arctic and Antarctic plants and insects are often dark to absorb heat so that their temperatures are several degrees higher than air temperature.





The normal range of human body temperature is 36.0–37.6°C. Most birds have higher temperatures, for example 40–42°C.


In order to regulate temperature the body needs:




•  receptors that detect changes in the temperature of the surroundings and in the internal (core) body temperature


•  a control centre that receives information about changes in temperature and sends instructions to the body to make adjustments to counteract changes in body temperature


•  effectors that produce heat, promote heat loss or promote heat conservation
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Knowledge check 2


Define the term homeostasis.
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The thermoregulatory centre is situated in the hypothalamus in the brain. It lies just above the pituitary gland in the centre of the head. The anterior (front) part of the hypothalamus responds to increases in temperature by promoting heat loss. The posterior (back) part responds to decreases in temperature by conserving heat and stimulating heat production.


The hypothalamus constantly compares information about the temperature of the surroundings and the internal temperature with the set point and acts to keep the difference between the actual body temperature and the set-point temperature as small as possible. The control centre needs information about whether instructions sent to effectors to carry out corrective actions to produce heat, lose heat or gain heat are effective. This involves feedback in which a change in the factor being controlled acts as a stimulus that leads to a response which counteracts the change in the factor. The effects of corrective actions are monitored by the hypothalamus and adjustments are made to keep the temperature within narrow limits.
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Figure 2 The principle of negative feedback
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Knowledge check 3


Name the thermoregulatory centre in the brain.
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This control method is called negative feedback (see Figure 2). Negative feedback mechanisms keep a physiological factor, such as core body temperature, within narrow limits. The set point for temperature can change according to conditions (see the first part of Question 1 on p. 73).


The flow charts In Figure 3 show how the hypothalamus is involved in controlling body temperature in humans. Part (a) of the flow chart shows what happens when you absorb heat or generate heat internally during exercise. Part (b) shows what happens when the ambient temperature is low and you lose heat to your surroundings. Apply the key terms to each part of the flow chart by writing an explanation of the control of body temperature.
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Examiner tip


When you write answers about homeostasis you should try to use the following key terms: negative feedback, set point, control centre, receptor, effector and corrective actions.
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When the temperature of the surroundings increases, the skin absorbs heat. This stimulates peripheral (outer as opposed to central) temperature receptors in the skin. During exercise, heat is released from muscles and increases the blood temperature. This increase is detected by central temperature receptors in the spinal cord and in the hypothalamus. When the body temperature rises for either or both of these reasons, the hypothalamus stimulates the loss of heat (see Figure 3a). Many mammals have few sweat glands and are covered in fur. In addition to the changes shown, in many mammals the heat loss centre also stimulates:




•  erector pili muscles in the skin to relax so that hairs lie flat and less air is trapped by the fur


•  shallow breathing (panting), which causes loss of heat by evaporation of water from the mouth and gas exchange system
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Examiner tip


You learnt about the latent heat of vaporisation of water in Unit F212. As you read through this guide you should look for links with concepts you studied in the AS units. Get used to looking up these concepts and adding such information to your notes.
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There are also changes in behaviour: animals move into the shade or into a burrow, they are inactive so they do not produce heat through muscle contraction, they avoid the hottest part of the day and they may drink something cold so that heat is transferred from the blood to water in the stomach.


When the temperature of the surroundings decreases, temperature receptors in the skin are stimulated. They send information to the hypothalamus — early warning that if nothing is done heat will be lost and the core body temperature will fall. To prevent this happening, the hypothalamus stimulates the conservation of heat (see Figure 3b). In mammals with fur, the erector pili muscles in the skin contract and raise the hairs so that a thicker layer of air is trapped in the fur and convection currents do not reach the skin surface.
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Knowledge check 4


Explain briefly how an endothermic animal, such as a bird or mammal, prevents its core body temperature decreasing to the ambient temperature on a cold day.
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If the blood temperature decreases, the hypothalamus stimulates the production of heat in the liver and muscles. Young mammals use brown fat tissue to produce extra heat. Cells in brown fat tissue are full of mitochondria that generate heat rather than ATP. Brown fat is also present in mammals that live in cold climates and hibernate.


There are also changes in behaviour. Animals move somewhere warm or curl up to reduce the surface area exposed to the air. Humans may drink something hot so that heat is transferred from the drink to the blood flowing through the stomach wall.
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Examiner tip


The key message here is that if you get cold, the corrective actions you take attempt to conserve the heat present in your body before using energy reserves to generate more heat.
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Positive feedback is a control mechanism that detects a difference between the physiological factor and its set point which leads to effectors increasing that difference. Positive feedback is not involved in homeostasis as it does not act to keep anything constant. An example of positive feedback is what happens when the body’s ability to control temperature fails. Thermoregulation stops when the body temperature reaches about 45°C. During heat stroke, the temperature of the body rises as heat is absorbed from the surroundings, but the hypothalamus does not stimulate sweat glands to produce sweat. The increase in temperature stimulates metabolism, which releases more heat and so the temperature increases. This positive feedback is dangerous and can be fatal.



[image: ]



Figure 3 The hypothalamus is the control centre for many aspects of homeostasis, including body temperature
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Examiner tip


Positive feedbacks are not sustainable. They happen for a short time and then stop, as in action potentials in nerve cells (see p. 20).
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Synoptic links


You may be asked about the advantages of maintaining a constant temperature. You could answer this in terms of enzyme action using information from Unit F212 about the effect of changes in temperature and pH on enzyme activity. Maintenance of near constant conditions means that enzyme activity is stable, as are the metabolic processes (e.g. respiration) that they control. Compared with similar-sized ectotherms, mammals and birds have to eat more food because much of the energy in their food is used to generate heat.


Small birds and mammals have large surface area-to-volume ratios so lose heat quickly. Some mammals and at least one species of bird are unable to maintain a constant body temperature when the external temperature falls, and they hibernate.


The behavioural methods shown by lizards are an example of adaptation. Ectothermic animals are inactive at low temperatures. Endotherms compete well because they can be active all the time. This has helped mammals and birds to colonise cold environments where there is little or no competition from reptiles.


You can expect to be asked about adaptation to environments from Unit F212.
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Knowledge check 5


Explain the difference between control by negative feedback and control by positive feedback.
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Summary




•  Multicellular organisms (plants and animals) need communication systems so that they can respond to internal changes and changes in their environment. These systems use cell signalling methods to coordinate the activities of different organs.


•  Animal cells communicate through the nervous system and the endocrine (hormonal) system.


•  Homeostasis is the maintenance of near constant conditions in the body. Core body temperature is an example of a physiological factor that is kept within narrow limits


•  The set point is the value of any physiological factor that the body tries to keep constant. Negative feedback is the way in which changes in a factor, such as body temperature, stimulate corrective actions to restore the factor to its set point.


•  Internal and external changes are detected by receptors that communicate with a central control. These changes are stimuli for responses made by effector cells — tissues and organs that carry out corrective actions.


•  Ectotherms rely on external sources of heat; endotherms generate their own heat and conserve it in their bodies using fur or feathers. Endotherms use physiological and behavioural methods to maintain a constant body temperature; ectotherms use primarily behavioural methods, for example basking in the sun.


•  Positive feedback systems respond to a change in a physiological factor by increasing the factor. These systems, such as the control of birth, are not homeostatic.
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